
May 2018Vol. 61 • No. 5

Founded in 1958

mwjournal.com

60
YEARS

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



MWJ/PIVOTONE/TOGETHER/0518
See us at IMS Booth 1212

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



MWJ/MECA/BETTER/0418
See us at IMS Booth 1059

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



MWJ/MCSPREAD/448REVU/0416

448 Rev U

Mini-Circuits®

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

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 Ω 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!

POWER
SPLITTERS

COMBINERS
 as low as  89¢

from2 kHz to 40 GHz ea. (qty. 1000)

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

COVERING 10 to 40 GHz
IN A SINGLE MODEL  
2-WAY  ZN2PD-K44+
4-WAY  ZN4PD-K44+
8-WAY  ZN8PD-K44+

NEW!
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Relax
    We’ve got you covered

Your supplier of high performance, precise equipment for AWGN

Ph. (973) 386-1119 • Fax (973) 386-1131 • info@noisewave.com • www.noisewave.com
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apitech.com1   Solut ions  Guide
apitech.com  |  1-855-294-3800

Innovating Solutions
RF/Microwave, electromagnetic & security solutions  

delivering value-added integration

Come Join Us: IMS Show, June 12-14
Booth 503 for a live demo  |  MicroApps Theater: Tuesday, June 12 at 11:30

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



May 2018
Vol. 61 • No. 5
5G & MTT-S IMS Show Issue
mwjournal.com

Cover Feature
24  5G Update: Standards Emerge, 

Accelerating 5G Deployment
Pasternack

Technical Features
66  Design of Broadband High Ef� ciency 

Power Ampli� ers Based on Series 
Continuous Modes
Qirong Li, Songbai He, Zhijiang Dai and 
Weimin Shi, University of Electronic Science and 
Technology of China

80  A Compact Microstrip Lowpass Filter 
with Harmonic Suppression 
Chun-Ping Ge and Yong-Qin Liu, Weinan Normal 
University; Yan Dou, Weinan Normal University 
and University of Electronic Science and 
Technology of China

88  UWB 16-Way Hybrid Coaxial/Ring 
Cavity Power Divider with Low 
Insertion Loss
Yu Zhu, Kaijun Song, Shunyong Hu and Yong Fan, 
University of Electronic Science and Technology 
of China

6 1  Y E A R S  O F  P U B L I S H I N G  E X C E L L E N C E

102 A 20 GHz Low Phase Noise Push-
Push VCO in InGaP GaAs HBT 
Technology
Jincan Zhang, Bo Liu, Leiming Zhang and 
Ligong Sun, Henan University of Science and 
Technology; Yuming Zhang, Hongliang Lu and 
Yimen Zhang, Xidian University, Key Laboratory 
of Wide Band-Gap Semiconductor Materials and 
Devices

 116 Metamaterial-Based Planar Compact 
MIMO Antenna with Low Mutual 
Coupling
Jie Li, Jia-Bei Zhao, Jia-Jun Liang, Lin-Lin Zhong 
and Jing-Song Hong, University of Electronic 
Science and Technology of China

Application Note
128 Precise Frequency Sources Meeting 

the 5G Holdover Time Interval Error 
Requirement
A. Kotyukov, Y. Ivanov and A. Nikonov, Morion Inc.

Perspectives
140 RF GaN on Si Meets CMOS 

Manufacturing
Tim Boles, MACOM and Ferdinando Iucolano, 
STMicroelectronics

148 Advanced GaAs Integration for 
Single Chip mmWave Front-Ends
David Danzillio, WIN Semiconductors

CONTENTS

+j0

+j0.5

–j0.5

+j1.0

–j1.0

–j2.0

3.0 GHz

3.8 GHz

3.8 GHz

2.3 GHz

2.3 GHz

11.0 GHz

11.0 GHz

7.0 GHz

4.6 GHz

7.0 GHz

4.6 GHz

+j2.0

∞

Z1f
Z2f
Z3f

Znf at
Package

Plane

Znf at I-gen
Plane

24

+j0.5

4.6 GH4.6 GHzz
Znf at

Package
Plane66 80

10  MWJOURNAL.COM  MAY 2018
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.

For reprints please contact the Publisher.



MWJ/AWR/SIMPLY/0518

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



12  MWJOURNAL.COM  MAY 2018

Product Features
158 Integrated Dual Polarized Scalar Horn Antenna Covers 

24 – 42 GHz
SAGE Millimeter Inc.

164 VNA Test Port Adaptors to 70 GHz
Rosenberger

168 Low Phase Noise Ampli� ers Improve Receiver and 
Radar Performance
Custom MMIC

174 Interactive Debugging in Multi-Domain Environments

RIGOL

Tech Briefs
180 S-Band Rotary Joints for Space Applications

Spinner GmbH

182 Compact, Accurate, Digital In-Line Power Meters

Werlatone

184 Ultra-Low PIM and 1 kW Cavity Filters
MCV Microwave

186 Speed Waveguide Plumbing, Reduce Leakage
Quantum Microwave

188 200 MHz to 6 GHz, 4-Channel Digital Attenuator with 
120 dB Range
Vaunix

CONTENTS

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

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

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

©2018 by Horizon House Publications Inc.
Posted under Canadian international publications mail agreement #PM40612608

158 164

mwjournal.com STAFF

168

www.mwjournal.com

Printed in the USA

Publisher:  Carl Sheffres 
Editor:  Patrick Hindle

Technical Editor:  Gary Lerude
Managing Editor:  Jennifer DiMarco

Associate Technical Editor:  Cliff Drubin
Copy Editor:  Ashleigh West

Multimedia Staff Editor:  Barbara Walsh 
Contributing Editor: Janine Love 

Consulting Editor:  Harlan Howe, Jr.
Consulting Editor:  Frank Bashore

Consulting Editor:  David Vye
Consulting Editor:  Raymond Pengelly

Electronic Marketing Manager:
Chris Stanfa

Digital Content Specialists:
Lauren Tully

Jaclyn LaFrance
Audience Development Manager: 

Carol Spach
Traffi c Manager:  Edward Kiessling

Director of Production & Distribution:  
Robert Bass

Art Director:  Janice Levenson
Graphic Designer:  Sachiko Stiglitz

Graphic Designer:  Ann Pierce

EUROPE

International Editor:  Richard Mumford
Offi ce Manager:  Nina Plesu

CORPORATE  STAFF

CEO:  William M. Bazzy
President:  Ivar Bazzy

Vice President:  Jared Bazzy

EDITORIAL REVIEW BOARD
 Dr. I.J. Bahl

F.M. Bashore
Dr. C.R. Boyd
M. Goldfarb
J.L. Heaton
Dr. G. Heiter
H. Howe, Jr.

Dr. T. Itoh
Dr. J. Lasker
Dr. S. Maas

Dr. G.L. Matthaei
Dr. D.N. McQuiddy

Dr. J.M. Osepchuk
R. Pengelly

Dr. Ajay K. Poddar
Dr. J. Rautio
Dr. U. Rohde

Dr. P. Staecker
F. Sullivan

D. Swanson
Dr. R.J. Trew

G.D. Vendelin
D. Vye

Prof. K. Wu

 EXECUTIVE EDITORIAL OFFICE
685 Canton Street, Norwood, MA 02062

Tel: (781) 769-9750
FAX: (781) 769-5037

e-mail: mwj@mwjournal.com
EUROPEAN EDITORIAL OFFICE

16 Sussex Street, London SW1V 4RW, England
Tel: Editorial: +44 207 596 8730  Sales: +44 207 596 8740

FAX: +44 207 596 8749

SUBSCRIPTION SERVICES
Send subscription inquiries and address changes to:

Tel: (978) 671-0446
e-mail: mwj@e-circ.net

174

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



MWJ/ANRITSU/HIGH/0318

From RF and broadband handheld and USB VNAs to high-performance, full-featured mmWave 
benchtop VNAs, Anritsu has the right solution to meet your application and budget needs. No matter 
what family of solutions you choose from – VNA Master™, VectorStar™, or ShockLine™ – you’ll have 
the confidence in knowing that these products leverage the same technology and expertise that have 
made Anritsu a pioneer in VNA measurement. 

Whether you are in the field, in the lab, or on the manufacturing floor, Anritsu VNA solutions have 
you covered.

Learn more: www.goanritsu.com/MWJVNA3

High-Performance VNAs for Any Application

1-800-ANRITSU    
www.anritsu.com
©2018 Anritsu Company

In the Lab   On the Manufacturing Floor   In the Field

VNA
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Critical Moments
call for Critical Products

Our critical-grade RF and power inductors are built 
to withstand the most punishing conditions imagin-
able, including extreme temperatures, thermal shock, 
G-forces, EMI and vibration. 
•  Tin-lead (Sn-Pb) terminations for the best possible
    board adhesion. RoHS terminations also available.
•  Extended temperature ranges (-55°C to +200°C) 
•  Vibration testing to 80 G / shock testing to 1000 G

Coilcraft CPS has the battle-proven magnetics
you need when the mission is on the line 

800.981.0363    847.639.6400   www.coilcraft-cps.com

We also offer comprehensive product testing and 
validation services in accordance with MIL-STD-981 
and EEE-INST-002, as well as custom screening to 
your electrical and physical specifi cations.
Learn more about how our battle-tested 
components will keep your 
mission on target. Call or 
visit us online today!
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Online

Web Survey

Which did not occur 
in the Philadelphia 
region?
Look for our multiple choice survey 
online at mwjournal.com

White Papers

@            mwjournal.comVisit us

March Survey
Who will be � rst to market 

with a fully autonomous 
vehicle (level 5)?

Tesla (41%)

Major automotive OEM (29%)

Waymo (24%)

Uber (6%)

Radar Waveforms for A&D and Automotive Radar
Catch Frequency 
Matters, the 
industry update from 
Microwave Journal, 
www.microwavejournal.com/
FrequencyMatters

Anders Storm, CEO of Sivers IMA, 
explains how the Swedish company has 
been at the forefront of microwave and 
mmWave technology development, forged a 
global presence and continues to push the 
boundaries of innovation.

Marie Hattar, chief marketing offi cer of 
Keysight Technologies, discusses Keysight’s 
strategy for market leadership since becoming 
an independent company and what it means 
to be “at the heart of the revolution.”
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 Overcoming the RF Challenges of Full-Screen 
Smartphones

High-Power RF Measurement: 
Techniques and Methods

Z Power Resistors–High Power and  High 
Frequency without  Compromise

Recent Radar and Phased-Array Breakthroughs
Sponsored by: Rohde & Schwarz 5/2
Designing Phased Arrays With Confi dence
Sponsored by: Keysight Technologies 5/3
SiGe or CMOS: Choosing the Right Technology 
When Performance is the Priority
Sponsored by: GLOBALFOUNDRIES  5/8
Power Integrity
Sponsored by: Rohde & Schwarz  5/16
Practical PCB Layout for SI/PI/EMC: What an 
EE Needs to Know to Survive PCB Manufacturing
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550 Rev D

Mini-Circuits®

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

Filter

Eliminates standing waves out-of-band

Reflectionless

Conventional

XBFXBF

XHF

Reflectionless

XHF

XLF

Now Mini-Circuits’ revolutionary X-series reflectionless filters give you even 
more options to improve your system performance. Choose from over 50 
unique models with passbands from DC to 30 GHz. Unlike conventional 
filters, reflectionless filters are matched to 50Ω 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!

•  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 Cascadable3

• Passbands from DC  to 30 GHz4

Now over 50 Models
to Improve Your System Performance!

 

1 Small quantity samples available, $9.95 ea. (qty. 20)

 2 See application note AN-75-007 on our website
 3

 See application note AN-75-008 on our website
 4 Defined to 3 dB cutoff point

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

$695 ea. (qty.1000)
1

from

XHF2

DC to 30 GHz!
REFLECTIONLESS FILTERS

BareBareBareBare
Die FormDie FormDie FormDie Form

2x2mm2x2mm
3x3mm

550 rev D_ReflectionlessFilter.indd   1 6/6/17   10:53 AM
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JUNE

RFIC: June 10-12
IMS: June 10-15

5G Summit: June 12
91st ARFTG Conference: June 15

MARK YOUR CALENDAR

FOR DETAILS, VISIT MWJOURNAL.COM/EVENTS
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5-7

The 23rd edition of AOC 
Electronic Warfare Europe 

will bring together the 
communities involved in 

EW, SIGINT, C4ISR, Cyber 
EM Activities (CEMA) and 

more. This is an unclassi� ed 
truly-global EW networking 

opportunity, exhibition, 
workshop and conference. 
www.eweurope.com

10-15
IMS2018.org

Microwave Week 2018
Philadelphia, Pa.

20
Choosing Materials 
for Different 5G 
Frequency Bands
Sponsored by: 

27
MIMO Radars and 
Their Conventional 
Equivalents
Sponsored by: 

MILSATCOM USA provides a forum to address pressing 
issues facing the future of U.S. MILSATCOM programs, 
brings together senior military, government and industry 

representatives and identi� es and explores next-generation 
SATCOM capabilities.

www.smi-online.co.uk/defence/northamerica/
MilSatCom-USA

27-28

Sensors Expo’s three-day program explores trends and 
applications including Energy Harvesting & Power, Flexible & 
Wearable Tech, IoT & Wireless, Measurement & Detection, 

MEMS & Sensors and more.

www.sensorsexpo.com

26-28

28
Best IoT Board 
Design Practices: 
Balancing Density, 
Cost, Low-Power and 
Mixed-Signal
Sponsored by: 

San Jose, Calif.

Arlington, Va.

Lausanne, Switzerland

IMS2018 Show Coverage

Catch our exclusive conference information, news, 
social networking, photos, videos and more at:

mwjournal.com/IMS2018

10-15
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M A Y
Microwave and Radar Week 2018
May 14–17, 2018 • Poznań, Poland
http://mrw2018.org/

NIWeek 2018
May 21–24, 2018 • Austin, Texas
www.ni.com/niweek

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

J U N E
EW Europe
June 5–7, 2018 • Lausanee, Switzerland
www.eweurope.com

IEEE RFIC 2018
June 10–12, 2018 • Philadelphia, PA
https://rfi c-ieee.org

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

IEEE 5G Summit
June 12, 2018 • Philadelphia, Pa.
https://ims2018.org/5G-summit

91st ARFTG Microwave Symposium
June 15, 2018 • Philadelphia, Pa.
www.arftg.org

Sensors Expo 2018
June 26–28, 2018 • San Jose, Calif.
www.sensorsexpo.com

MILSATCOM USA 2018
June 27–28, 2018 • Arlington, Va.
www.smi-online.co.uk/defence/northamerica/
MilSatCom-USA

CALL FOR PAPERS

EDI CON USA 2018
May 31, 2018

Radio and Wireless Week 2019
July 24, 2018

IEEE MTT-S IMS 2019
December 1, 2018

mwjournal.com

J U L Y
SEMICON West 2018 
July 10–12, 2018 • San Francisco, Calif.
www.semiconwest.org

IEEE Symposium on EMC+SIPI 2018
July 30–Aug. 3, 2018 • Long Beach, Calif.
www.emc2018usa.emcss.org

A U G U S T
IEEE MTT-S NEMO 2018
August 8–10, 2018 • Reykjavik, Iceland
https://nemo-ieee.org/

IEEE RFIT 2018
August 15–17, 2018 • Melbourne, Australia
http://rfi t2018.org/

S E P T E M B E R
PBC West 2018
September 11–13, 2018 • Santa Clara, Calif.
www.pcbwest.com/

MWC Americas 2018
September 12–14, 2018 • Los Angeles, Calif.
www.mwcamericas.com

IEEE AUTOTESTCON
September 17–20, 2018 • National Harbor, Md.
www.autotestcon.com

EuMW 2018
September 23–28, 2018 • Madrid, Spain
www.eumweek.com

O C T O B E R
2018 IEEE BCICTS
October 14–17, 2018 • San Diego, Calif.
https://bcicts.org/

EDI CON USA 2018
October 17–18, 2018 • Santa Clara, Calif.
www.ediconusa.com

MILCOM 2018
October 29–31, 2017 • Los Angeles, Calif.
https://events.afcea.org/MILCOM18/Public/enter.aspx

N O V E M B E R
AMTA 2018
November 4–9, 2018 • Williamsburg, Va.
https://amta2018.org/

APMC 2018
November 6–9, 2018 • Kyoto, Japan
http://apmc2018.org/

electronica 2018
November 13–16, 2018 • Munich, Germany
https://electronica.de/index.html

ComingEvents

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 50Ω termination
• High power, vacuum, hot switch

RF Switch Matrix

• GUI interface
• USB/ RS-232/ Ethernet control
• No NRE charges
• Modular design

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

Space Grade Switches

• SPDT, transfer, multi-throw and 
   switch matrix configurations
• Over 30 years of  space 
   heritage

Bench Top Switches

• Configurable switching
• USB, ethernet control
• Graphic user interface (GUI)
• Low cost solutions

See us at IMS Booth 1312Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.
For reprints please contact the Publisher.



MWJ/RICHARDSON/AHEAD/0518

Your Global Source for RF, Wireless, IoT & Power Technologies
www.richardsonrfpd.com  |  800.737.6937  |  630.262.6800

GET TO MARKET FASTER.
LEARN MORE AT BOOTH 1014 AT IMS!

richardsonrfpd.com

Amphenol
Global RF Solutions.

RF Amphenol RF Amphenol RF Amphenol RF
Global RF Solutions.

))))))))

RRFPD_MWJ_IMS_2018-04_final.indd   1 4/16/2018   1:31:23 PM
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Has Amplifier Performance or   Delivery Stalled Your Program?

www.bnztech.com
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5G Update: Standards Emerge, 
Accelerating 5G Deployment
Pasternack
Irvine, Calif.

5G technologies and standards have recently emerged from buzz and corporate blustering to 
real and rapidly paced definitions and development. When 5G visions were first announced, 
many considered the performance targets in these predictions to be pipe dreams. However, 
corporate initiatives to develop 5G technology with real 5G radio and networking platforms 
and international collaboration on 5G standards has proceeded at a pace few could predict. If 
this progress means to meet performance targets for 5G, manufacturers must accelerate their 
timetables and their supply chains to meet the demands of new and competitive 5G hardware 
and systems.

The race to capture the global business for up-
coming 5G solutions—consumer, commercial 
and government—is starting to resemble the 
historic space race between Russia and the U.S. 

The major difference is this goes far beyond a race be-
tween two sovereign superpowers, with many internation-
al companies and countries in the competition. True 5G 
solutions require many layers of national and international 
regulation, as well. Major international telecommunica-
tions companies and manufacturers are all competing to 
demonstrate 5G capabilities and features, while simulta-
neously paving the way for viable mmWave radio access 
unit and radio access network (RAN) technology. With 
spectrum, radio and network standards solidifying ahead 
of schedule, the pioneering aspects of 5G—mainly the 
expansion into many more verticals or slices than mobile 
broadband—are gaining focus and investment.

EARLY 5G FEATURES AND USE CASES
Though the expected features and use cases for 5G 

are diverse and extensive, the start of the 5G rollout will 
likely address only a few of the featured use cases: en-
hanced mobile broadband (eMBB), ultra-reliable low la-
tency communications (URLLC) and massive Internet of 
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 Fig. 1  The primary use cases for 5G. Source: Werner Mohr, 
The 5G Infrastructure Association.
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Things (mIoT) or massive machine-
type communications (mMTC), as 
illustrated in Figure 1. These pro-
vide increased throughput and per-
formance for user equipment (UE), 
while offering a mobile network 
designed to support the massive 
number of new IoT, or Industry 4.0, 
applications. Interestingly, these 
early 5G features will likely be im-
plemented at sub-6 GHz frequen-
cies (current cellular bands, ≤ 1, 
3.5 and 3.7 to 4.2 GHz and various 
combinations based on country) 
before 2020, offering opportunities 

industry consortiums and alliances, 
such as the Next Generation Mobile 
Networks (NGMN) alliance and TM 
Forum, are also contributing and 
advising in the development of 5G 
standards and speci� cations.

With the forecast increase in 
competition for 5G services, and 
the need to provide lower cost data 
services now, there is a general im-
petus to hurry along the advent of 
5G. With so many companies and 
countries taking the initiative with 
announcements of 5G deploy-
ments, these industry and interna-

in the vehicle and broadcast mar-
ket, infrastructure and, primarily, 
mobile.

EARLY 5G FACTORS AND 
INFLUENCERS

The main 5G standards bodies 
and organizations are consistent 
with past generations of mobile 
wireless, i.e., 3GPP, GSMA, ITU and 
each country’s spectrum regulatory 
agency. Importantly, the heads of in-
dustry-leading companies are driv-
ing these organizations’ focus and 
standards developments. Other 

 Fig. 2  A new virtualized cloud radio access network architecture will enable operators to serve the multiple use cases envisioned 
for 5G. Source: Huawei.
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 Fig. 3  3GPP timeline for 5G speci� cations. Source: 3GPP.

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



Linear Technology ASM Asia
SMALL PAGE TRIM SIZES : 
7.5” x 10.5” Minimum 
7.87” x 11.023” / 200mm x 280mm, 
Maximum

Agency contact: Jon Miwa
Phone: 926-642-3053
Email: jon@twistcreativepartners.com

MEASURE 
RMS POWER 
TO 40GHz

LTC5596 
IMPROVE MEASUREMENT 
ACCURACY & DETECTION 

SENSITIVITY
 RF Input 50Ω-Matched

from 100MHz to 40GHz

 35dB Log-Linear Dynamic
Range to ±1dB Accuracy

 –32.6dBm Minimum
Detectable Signal Sensitivity

40GHz PRODUCTS  
www.analog.com/LTC5596

0.1 1 10 100

1.2

1.0

0.8

0.6

0.4

0.2

0

RF FREQUENCY (GHz)

O
U

TP
U

T 
VO

LT
A

G
E 

(V
)

0dBm
–5dBm
–10dBm
–15dBm
–20dBm
–25dBm
–30dBm
–35dBm

OUTPUT AT DIFFERENT RF INPUTS

2mm x 2mm 
footprint

See us at IMS Booth 1725

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



28 	 	 MWJOURNAL.COM  MAY 2018

CoverFeature
vehicle and industrial applications 
may take far longer than anticipat-
ed. This could explain, somewhat, 
the additional focus of telecom-
munication service providers on 5G 
applications in the broadcast and 
home internet services markets. 
FWA using sub-6 GHz and mmWave 
5G capabilities could provide giga-
bit internet speeds to homes with-
out expensive fiber installation and 
even undercut the cable television 
and home phone service giants.

5G STANDARDS AND 
SPECIFICATIONS

The GSMA recently released a 
report, “Mobile Economy,” which 
claims that two-thirds of the world’s 
mobile connections will be running 
on 4G and 5G services by 2025, 
with 4G accounting for over half of 
the global connections and 5G ac-
counting for approximately 14 per-
cent.5 Not surprisingly, the demand 
has caused standards and specifica-
tion organizations to step up their 
timetables, and market pressures 
are solidifying 5G radio specifica-
tions earlier than expected.6 How-
ever, the “5G precursor” specifica-
tions being released now are not 
the finalized 5G specifications and 
standards, rather evolutionary steps 
from 4G specifications that will be 
compatible with the future 5G spec-
ifications.

The latest 3GPP specification de-
fines the non-standalone 5G new ra-
dio (NSA 5G NR),7 which requires an 
LTE anchor and 5G NR cell. The LTE 
anchor provides the control plane 
and control plane communications, 
while the 5G NR will provide en-
hanced data capacity. The NSA 5G 
NR specification currently only cov-
ers frequency range 1 (FR1), between 
450  and 6000 MHz. These bands are 
designated in Table 5.2-1 in the 3GPP 
specification document 38101-1,8 
and are subject to modification when 
Release 15 is issued in June 2018. 
The maximum bandwidth for FR1 NR 
bands is 100 MHz, of which only n41, 
n50, n77, n78 and n79 are capable. 
These bands are also designated as 
time-division duplex (TDD) bands, for 
which carrier aggregation (CA) should 
enable greater than 100 MHz func-
tional bandwidth.

Also in this release are the de-
scriptions of new RAN architecture 

tional consortiums have been mov-
ing quickly with specifications, stan-
dards and spectrum allocation.

Referencing the Verizon 5G Tech-
nical Forum (V5GTF), companies 
feeling the pressure to commer-
cialize more rapidly are even creat-
ing new forums to accelerate the 
development of 5G technologies. 
Another example of carrier-led ef-
forts to advance 5G is the merger 
of the xRAN forum and C-RAN Al-
liance, with the focus of evolving 
RAN technology from hardware-
defined to virtualized and software-
driven. Industry forums in market 
verticals other than mobile are also 
forming to accelerate adoption and 
standardization. For example, the 
5G Automotive Association encour-
ages collaboration among telecom-
munication and automotive compa-
nies.

Some explanation for this rapid 
pace could be the concern that 
collaboration-based organizations 
have for early adopting companies 
and countries developing their own 
regional standards to meet the de-
mand ahead of the competition. For 
example, some companies, namely 
AT&T and Verizon, have already 
claimed they will provide 5G servic-
es in select cities in 2018. These 5G 
services will not necessarily meet 
all 3GPP 5G specifications, but will 
likely provide superior throughput 
to current 4G services and be read-
ily upgraded, most likely through 
software, to the final 5G specifica-
tions. Without 5G capable hand-
sets, either sub-6 GHz or mmWave, 
it is likely that these companies will 
offer either hotspot or fixed wireless 
access (FWA) services instead.1-2 

While the UE may not yet be avail-
able, 5G base station and terminal 
equipment is; Huawei recently an-
nounced 5G end-to-end solutions.3 

These offer sub-3 GHz, C-Band and 
mmWave operation with massive 
MIMO technology and are report-
edly fully 3GPP 5G compliant. In a 
demonstration with Telus in Cana-
da, a 5G wireless to the home trial 
using Huawei equipment reportedly 
demonstrated 2 Gbps, single-user 
download speeds.4

With a lack of a standardized in-
frastructure in market verticals other 
than mobile wireless, however, the 
standardization and specification for 
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(CP-OFDM) for the downlink, and 
both CP-OFDM and discrete Fou-
rier transform spread OFDM-based 
(DFT-S-OFDM) waveforms for the 
uplink. 5G Phase 1 allows for flex-
ible subcarrier spacing, where the 
subcarriers can be spaced at 15 kHz 
× 2n to a maximum of 240 kHz with 
a 400 MHz carrier bandwidth. Up to 
two uplink and four downlink car-
riers can be used, for a combined 
uplink bandwidth of 200 MHz and 
downlink bandwidth of 400 MHz.

CURRENT 5G HARDWARE
For the past few years, many tel-

cos and hardware/platform manu-
facturers have been engaging in a 
game of 5G one-upmanship. Early 
demonstrations included mmWave 
throughput, mMIMO, CA and a va-
riety of software and hardware ex-
amples. Many of the latest 5G trials 
and demonstrations involved tech-
nology more aligned with the up-
coming 3GPP Release 15, capable 
of being updated by software to 
meet the final 5G Phase 1 specifica-
tion and future updates.

Hence, many of the recently 
released and announced 5G mo-
dems and transceivers are able to 
be updated via software, and offer 
throughput handling capabilities 
that account for greater bandwidth 
availability at currently unavailable 
mmWave frequencies. Many lead-
ing hardware manufacturers and 
telecommunication companies are 
continuing to push to advance 5G 
trials and deployments by 2019, 
well ahead of a final specification, 
by leveraging NSA 5G NR and 
technology that can be modified to 
meet the finalized specifications.10 

Given the nature of the race to com-
mercialize 5G, and the likelihood of 
future 5G specifications adjusting 
to the findings of early trials and 
deployments, programmability and 
flexibility of both the software and 
hardware of 5G radios and core net-
works are essential.

Another factor to consider with 
5G hardware is not only backward 
compatibility, but dual connectivity 
of 4G LTE and 5G systems. Similar 
to how prior generations of mobile 
wireless were eventually integrated 
into the latest specifications, it is 
likely that current 4G LTE rollouts 
will be merged into future 5G speci-

options. The new architecture is 
built around a network virtualization 
strategy, where the control and user 
planes are separated. Referred to as 
network function virtualization (NFV) 
and software-defined networking 
(SDN), these features are designed 
to enable future network flexibility 
and a variety of applications. This 
methodology is meant to continue 
providing enhanced mobile tele-
communications, while adding di-
versity of services—hence, indepen-
dent network slicing.9

Future 5G “Cloud RAN” capabili-
ties (see Figure 2) are meant to sup-
port multiple RANs, standards and 
operators using the same physical 
infrastructure or core network. Such 
an adaptable RAN would allow for 
various applications and industries 
to rely on the same hardware and 
network assets, physical infrastruc-
ture to pave the way for future op-
portunities. The system to provide 
capabilities for service-level agree-
ments for a collection of devices is 
dubbed “network slicing” by 3GPP.

The future 5G standard, what will 
be concluded in the complete 3GPP 
Release 15, or 5G Phase 1, will be 
finalized in June 2018 (see Figure 
3). Before the end of 2019, 3GPP 
will provide updates to Release 15, 
and a clearer vision of Release 16, 
or 5G Phase 2, will become avail-
able in December 2019. Currently, 
there is little information on how 
5G rollouts will occur and what in-
dustries, outside of mobile wireless, 
will begin adopting the capabilities 
of 5G. Though trials have been per-
formed and early 5G network and 
radio access hardware is available, 
UEs have yet to be released, and 
operators have virtually no experi-
ence and limited understanding or 
expectations of 5G. Furthermore, 
mmWave hardware is not yet widely 
available and, without this valuable 
experience, solidifying 5G mmWave 
specifications is impractical. The 
mmWave frequency designations 
for 5G will not be identified for the 
ITU until WRC-2019, in time for IMT-
2020.

5G Phase 1 is still based on 
OFDM waveforms, though there 
are a variety of candidate wave-
forms which may eventually super-
sede OFDM. Specifically, 5G phase 
1 leverages cyclic prefix OFDM 
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RFFEs include power ampli� ers (PA), 
low noise ampli� ers (LNA), switches 
and � lters and differ somewhat from 
4G RFFEs. As the power Class 2 
speci� cation for higher output pow-
er (26 dBm at the antenna) is avail-
able for 5G hardware, PAs may be 
higher power than with 4G, neces-
sary to overcome increased propa-
gation losses at higher frequencies 
through the atmosphere and com-
mon building materials.

With 100 MHz of available Tx 
bandwidth, techniques like enve-
lope tracking—which currently only 
supports up to 40 MHz of band-
width—may not be viable; less ef-
� cient techniques, such as average 
power tracking are more likely for 
early 5G systems. These early 5G 
RFFE modules will likely be wide-
band, requiring additional � ltering 
for the new sub-6 GHz 5G bands, as 
well as the legacy and still necessary 
4G bands. These multi-band � lters 
are currently more complex com-
binations of surface acoustic wave 
(SAW), bulk acoustic wave (BAW) 
and � lm bulk acoustic wave (FBAR) 
� lter banks and integrated modules.

RF HARDWARE AND TEST 
SYSTEMS

Given the inclusion of new sub-6 
GHz frequency bands in NSA 5G NR, 
new RF hardware is needed to sup-
port these new frequencies—spe-
ci� cally n77, n78 and n79—which 
were not previously used for mobile 
wireless. Though not determined 
in NSA 5G NR, frequency bands 
below 600 MHz may eventually be 
supported by 5G for massive low 
power connectivity such as IoT, In-
dustry 4.0/Industrial IoT and other 
machine-type communications. The 
additional subcarrier channel spac-
ing, bandwidth, CA and 4 x 4 MIMO 
speci� cations result in the need for 
large numbers of � lters, antennas, 
LNAs, PAs and switches, with ac-
companying NSA 5G NR modems 
and RF transceivers.

The early 5G modems and trans-
ceivers do not necessarily need to 
contend with these challenges, as 
these commercial devices can oper-
ate on select bands. However, 5G 
base stations for eMBB and future 
industrial and vehicle applications 
will require forward and backward 
compatibility. This means that 5G 

� cations. Supporting dual connec-
tivity, backward compatibility and 
future 5G speci� cations will require 
highly adaptable RF hardware that 
can allocate resources based on the 
actual environment, not just prepro-
grammed scenarios.11-12

As the � nalized 5G mmWave 
spectrum and radio hardware is 
not yet determined, and extensive 
mobility trials with mmWave fre-
quencies are still underway, the � rst 
round of 5G mmWave technology 
will provide � xed wireless service 
(FWA). This approach minimizes 
many of the challenges associated 
with a complete 5G solution, in-
cluding mmWave mobility concerns 
around non-line-of-sight and anten-
na beam tracking with moving UEs. 
Also, FWA 5G modems and trans-
ceiver chips can be larger, use more 
power and cost more than modem 
and transceiver chips for UE.

Available 5G modems, typically 
with integrated 5G transceivers, are 
offered by Samsung, Qualcomm, 
Intel, Huawei and others. Some of 
these early 5G chipsets are report-
edly capable of 2 Gbps data rates 
and mmWave transceiver opera-
tion at 28 GHz. Common features 
include NSA 5G NR compatibility, 
with a variety of beamforming tech-
niques, antenna switching, 3D fre-
quency planning tools and virtual-
ized RAN.13-14

Currently, device and network 
hardware manufacturers, with asso-
ciated telecommunications service 
providers and test and measure-
ment manufacturers, are engaging 
in 5G NR trials with simulated UEs. 
Samsung and National Instruments, 
as well as Datang Mobile and Key-
sight Technologies, demonstrated 
what will likely be commercial 5G 
base station hardware and 5G UE 
emulation systems at Mobile World 
Congress 2018.15-16 It is likely that 
5G UE chipsets will become avail-
able in 2019, although it is unknown 
if these UE will leverage mmWave 
technology or just the sub-6 GHz 
5G FR1 frequencies.

The latest commercially available 
5G hardware solutions are typically 
RF front-end (RFFE) modules de-
signed to account for the new NSA 
5G NR frequencies, which can be 
included with other RFFE hardware 
to offer a complete solution. These 
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ing, LNAs and PAs integrated into 
RFFEs with systems on chip (SoC) 
technologies. 5G UE antennas may 
also be integrated solutions, possi-
bly with antenna tuning and some 
pre-filtering and beamforming fea-
tures included. This level of integra-
tion is also plausible to achieve the 
cost targets to ensure handsets are 
affordable and meet phone form 
factors.17-19 With the increased 
complexity of 5G and the need for 
dense RF solutions, it is no surprise 
that many UE manufacturers are at-
tracted to 5G modem-to-antenna 
solutions for faster development 
and deployment.

Many current 4G UEs and base 
stations rely on LDMOS, GaAs and 
SiGe PAs, with GaN a recent en-
try into the base station PA market. 
As the frequency is extended to 
sub-6 GHz, LDMOS, which strug-
gle beyond 3 GHz, is less likely to 
meet 5G specifications, while GaN  
PAs—and possibly LNAs—are likely 
to be used in the infrastructure. GaAs 
and SiGe amplifiers will compete for 
amplifier and switching functions in 
the sub-6 GHz 5G applications. To 
maintain lower cost and smaller 
form factors than current mmWave 
PA, LNA and switch solutions pro-
vide, highly integrated RF silicon 
on insulator (SOI) technologies are 
likely to be used for 5G mmWave 
applications. Future RFFEs may 
use RF SOI, SiGe BiCMOS or RF 
CMOS SoCs that integrate the PA, 
LNA, switches and control functions 
to operate mmWave phased ar-
ray beamforming antenna systems 
(see Figure 5). It is possible that 
future RF silicon technologies can 
be further integrated or combined 
with other technologies to include 

RF hardware will 
need to service all 
current mobile fre-
quency bands, as 
well as 5G FR1 and 
5G mmWave FR2 
frequencies (see 
Figure 4). This is 
a particularly trou-
blesome hardware 
challenge, as the 
hardware for many 
of the existing cel-
lular frequencies 
may interfere with 
the NSA 5G NR 
bands, as dual connectivity is neces-
sary to meet the throughput specifi-
cations. Also, the new NSA 5G NR 
frequency bands surround the ISM 
bands for Wi-Fi, Bluetooth and oth-
er wireless equipment operating in 
the unlicensed bands.

With such closely packed bands 
and extremely wideband radios, the 
performance degradation from re-
ceiver desensitization is likely with 
inadequate filtering, PA linearity and 
harmonic suppression. New NSA 
5G NR transmitters can operate 
with higher output power and high-
er peak-to-average power ratios for 
maximum throughput, which may 
cause problems with co-located 5G 
receivers in the same base station or 
nearby 5G devices.

Real estate for RF hardware, es-
pecially antennas, is already small 
in UEs, and 5G specifications may 
require 4 x 4 MIMO for the down-
link and 2 x 2 MIMO for the uplink, 
meaning six independent RF path-
ways. 5G antenna tuning technolo-
gies will be critical to maximize an-
tenna radiation efficiency over wide 
bandwidths. These RF pathways 
must also be much wider than 4G 
LTE pathways, as NSA 5G NR now 
supports 100 MHz bandwidth on a 
single carrier, with more CA options 
(up to 600 new combinations with 
Release 15). NSA 5G NR also allows 
for 200 MHz combined uplink and 
400 MHz combined downlink band-
width. This results in a substantial 
amount of data to process, chal-
lenging for energy efficient UEs and 
base stations.

It is probable that the RF hard-
ware for UEs will be increasingly 
integrated, with filter banks, high 
density switches, antenna tun-

 Fig. 4  Once deployed, standalone 5G services, operating at 
sub-6 GHz and mmWave frequencies, will need to coexist with 
LTE. Source: AndroidAuthority.com; used with permission.
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ceiver and RF hardware manufactur-
ers have been announcing 3GPP-
compliant 5G solutions, which rely 
on heavy integration and software 
reprogrammability to meet current 
demand and provide future-proof-
ing. This deep level of integration 
and soon-to-come 5G deployments 
will require flexible test and mea-
surement systems which can be 
readily adapted to the changing 
standards and lessons learned from 
early trials.20 Access to 5G acces-
sories and interconnect technolo-
gies, especially 28 GHz and other 
mmWave components and devices, 
will be essential to prevent delays in 
trials and deployments.n
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filtering and the digital hardware 
required to enable hybrid beam-
forming modules. Future variations 
of RF SOI or RF CMOS may even 
be integrated with more advanced 
digital hardware, such as FPGAs, 
memory and processors. Baseband 
processing and accessory DSP func-
tions could be implemented in the 
package, as well, for compact 5G 
mmWave solutions.

As frequency routing and filtering 
is essential for 5G CA and back com-
patibility with prior mobile genera-
tions, integrated SAW, BAW, FBAR 
and other integrated resonators and 
filter technologies are essential for 
UEs and even compact small cells. 
With the potential for interference 
and design complexity, 5G mod-
ules for UEs will also likely incorpo-
rate Wi-Fi and Bluetooth modules, 
further increasing the filtering and 
frequency routing complexity. Other 
integration-capable technologies, 
such as RF SOI, may be employed 
for 5G RFFEs, as recent advances in 
RF SOI enable filter and amplifier co-
integration. It may be several years 
before SOI filters are used for sub-6 
GHz 5G applications, although it may 
be sooner for mmWave systems, as 
amplifier and switch integration pos-
sible with SOI technologies make 
this an attractive next step.

CONCLUSION
The rapid progression of 5G 

specifications and the rush of mo-
bile wireless manufacturers and ser-
vice providers to start 5G trials and 
deployments has led to a plethora 
of early 5G demonstrations and in-
terim 5G specifications. In just the 
past few months, modem, trans-

 Fig. 5  5G FDD beamforming module architecture. Source: arXiv:1704.02540v3 [cs.IT].
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 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
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 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  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 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. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +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, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1
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global defense network has been revolutionized. The 
modernized Command, Control, Battle Management 
and Communications (C2BMC) system significantly 
improves collaborative ballistic missile defense plan-
ning and provides global and regional combatant com-
mands with rapid operational response capabilities.

Operationally fielded in 2004, the C2BMC network 
is extremely complex. This system links traditionally au-
tonomous space, sea and terrestrial sensors and their 
associated systems, gleaning the best target data from 
each to provide the highest probability of intercepting 
ballistic missile threats directed against the U.S., its de-
ployed forces, allies and friends.

“Truly integrated ballistic missile defense can never 
be static,” said Dr. Rob Smith, vice president of C4ISR 
Systems for Lockheed Martin (LM). “C2BMC must main-
tain pace and be flexible to changes in technology, ca-
pability improvements and adversarial conditions.”

A LM-led team that includes Northrop Grumman, 
Raytheon, Boeing and General Dynamics modernized 
the entire C2BMC global network, which is deployed 
at numerous locations throughout the world. The team 
developed, tested and deployed sophisticated track 
processing, sensor and battle management algorithms 
to optimize how C2BMC processes data from all the 
BMDS elements, providing increased capacity to han-
dle larger and more complicated threats.

C2BMC’s modernization is predicated on a new open, 
flexible architecture that eases the integration of new ca-
pabilities, increases system reliability, substantially reduc-
es the overall hardware footprint and lowers total system 
life cycle costs. From an information assurance perspec-
tive, the new architecture has been cyber hardened to 
mitigate threats to the network and systems.  

High-Power Microwaves, Lasers Defeat 
Multiple Drones in US Army Exercise

F
orty-five UAVs and drones fell out of the sky 
during a U.S. Army exercise after Raytheon’s 
advanced high-power microwave and la-

ser dune buggy engaged and destroyed them. These 
common threats were knocked down during a Maneu-
ver Fires Integrated Experiment at the U.S. Army Fires 
Center of Excellence.

The event, known as MFIX, brought military and in-
dustry leaders together to demonstrate ways to bridge 
the Army’s capability gaps in long-range fires and ma-
neuver short-range air defense. Raytheon’s high-pow-
er microwave system engaged multiple UAV swarms, 
downing 33 drones, two and three at a time, while the 
high energy laser (HEL) system identified, tracked, en-
gaged and killed 12 airborne, maneuvering Class I and 
II UAVs and destroyed six stationary mortar projectiles.
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Technology to Control Drone Swarms

U
nder DARPA’s Offensive Swarm-Enabled 
Tactics (OFFSET) program, Raytheon BBN 
Technologies is developing technology to 

direct and control swarms of small, autonomous air and 
ground vehicles. The technology includes a visual in-
terface that allows “drag and drop” creation and ma-
nipulation of drone tactics, a game-based simulator to 
evaluate those tactics and a physical swarm testbed to 
perform live tactics evaluations.  

“Operators use speech or gestures to control the 
swarm. This is a tremendous advantage during opera-
tions,” said Shane Clark, Ph.D. and principal investiga-
tor on the program. “The system provides sensor feeds 
and mission status indicators for complete situational 
awareness.”

The flexible, scalable programming software and 
simulation environment means users can coordinate 
drone behaviors in teams composed of different vehicle 
types that use various sensors.

DARPA is inviting additional organizations to partici-
pate in OFFSET as “sprinters” through an open Broad 
Agency Announcement. Sprinters can create their own 
novel swarm tactics and the Raytheon BBN team will 
work with them to evaluate the tactics in simulation, and 
possibly field them for live trials.

In 2016, Raytheon, as part of the Office of Naval Re-
search LOCUST program, conducted demonstrations 
that successfully netted together 30 Coyote unmanned 
aerial vehicles (UAV) in a swarm.

Foundation for US Ballistic Missile Defense 
System Modernized

T
he system of systems that enables the dispa-
rate elements of the Ballistic Missile Defense 
System (BMDS) to function as a complete 

Designing games to create a
“Swarm Tactics Exchange”

Advancing immersive
interactive technologies

Integrate
swarm tactics

Generate
swarm tactics

Create a networked game environment
for rapid generation and capture of 

swarm tactics with a live virtual-gaming
architecture

Design intuitive swarm interfaces
with emerging multi-modal, mixed-reality, 

interactive technologies

Offensive Swarm-Enabled Tactics (OFFSET)

OFFSET (DARPA Image)
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“The speed and low cost per engagement of di-
rected energy is revolutionary in protecting our troops 
against drones,” said Dr. Thomas Bussing, Raytheon 
Advanced Missile Systems vice president. “We have 
spent decades perfecting the high-power microwave 
system, which may soon give our military a significant 
advantage against this proliferating threat.”

Raytheon and the U.S. Air Force Research Labora-
tory worked together under a $2 million contract to 
test and demonstrate high-power microwave, counter- 
UAV capabilities.

Long-Range Anti-Ship Missile Marks 6th 
Successful Flight Mission

L
M successfully tested a production-configu-
ration Long-Range Anti-Ship Missile (LRASM) 
from a U.S. Air Force B-1B bomber.

During the test, a B-1B from the 337th Test Squadron 
at Dyess Air Force Base, Texas, launched a LRASM over 
the Sea Range at Point Mugu, Calif., successfully impact-
ing the maritime target and meeting test objectives.

“LRASM has now proven itself in six consecutive flight 
missions,” said David Helsel, LRASM program director at 
LM Missiles and Fire Control. “The reliability and outstand-

ing capability of LRASM 
will provide an un-
matched weapon to our 
warfighters in their quest 
for sea control in con-
tested environments.”

LRASM is designed 
to detect and destroy 
specific targets within 
groups of ships by em-

ploying advanced technologies that reduce dependence 
on intelligence, surveillance and reconnaissance platforms, 
network links and GPS navigation in EW environments. 
LRASM will play a significant role in ensuring military access  
to operate in open ocean/blue waters, owing to its  
enhanced ability to discriminate and conduct tactical en-
gagements from extended ranges.

LRASM is a precision-guided, anti-ship standoff mis-
sile based on the successful Joint Air-to-Surface Stand-
off Missile–Extended Range (JASSM-ER). It is designed 
to meet the needs of U.S. Navy and Air Force warfight-
ers in contested environments. The air-launched vari-
ant provides an early operational capability for the U.S. 
Navy’s offensive anti-surface warfare Increment I re-
quirement to be integrated onboard the U.S. Air Force’s 
B-1B in 2018 and on the U.S. Navy’s F/A-18E/F in 2019.

LRASM (U.S. Navy Photo)
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Canadian Governments, Thales Partner to 
Develop 5G Superhighway

T
ogether with its industry partners, the Gov-
ernment of Canada and the provincial gov-
ernments of Ontario and Quebec, Thales 

Canada announced its $25 million (CAD) investment 
in ENCQOR, a $400 million (CAD) public-private part-
nership in ultra-high speed communications infrastruc-
ture that will focus on research and innovation. 

ENCQOR brings together governments, small and 
medium businesses and academia to link research 
facilities and laboratories across Eastern Canada to 
collaborate on 5G technology development and cre-
ate Canada’s 5G communications superhighway. With 
download speeds up to 100x faster than current 4G 
technology, 5G and ENCQOR will transform the ca-
pabilities of Canadian businesses to compete in the 
global marketplace.

Thales will leverage its R&D investments to drive 
5G technology developments, securely moving data 
to drive the evolution of its urban transportation solu-
tions, secure connectivity capabilities and cloud-based 
big data analytics. In the last three years, Thales has in-
vested over $1.5 billion (CAD) in key digital technolo-
gies with the launch of its high-tech Digital Factory in 
Paris, cortAIx in Montreal and recent acquisitions of 
technology leaders Vormetric and Guavus. 

Mark Halinaty, president and CEO of Thales Can-
ada, said, “From a safer commute to smarter cities, 
ENCQOR re� ects Thales’ continued commitment to 
Canadian innovation in four key domains—connec-
tivity, big data, AI and cybersecurity—to support the 
creation of new 5G solutions to make life better and 
keep us safer.”

VentureEU to Boost Europe’s Innovative 
Startups

T
he European Commission and the Euro-
pean Investment Fund (EIF) have launched 
a Pan-European Venture Capital Funds-of-

Funds programme (VentureEU) to boost investment 

in innovative startup and scale-up companies across 
Europe. It will provide new sources of � nancing, giv-
ing European innovators the opportunity to grow 
into world-leading companies. Around 1,500 startups 
and scale-ups are expected to gain access across the 
whole EU.

The EU will provide cornerstone investments of 
up to €410 million—including €67 million of EIF own 
resources: €200 million from the Horizon 2020 Innov-
Fin Equity, €105 million from COSME (Europe’s pro-
gramme for small and medium-sized enterprises) and 
€105 million from the European Fund for Strategic 
Investments (EFSI). The rest of the � nancing will be 
raised by the selected fund managers primarily from 
independent investors.

The six funds will take stakes in a number of smaller 
investee funds and cover projects in at least four Eu-
ropean countries each. These investee funds will help 
� nance small and medium-sized enterprises (SME) and 
mid-caps from a range of sectors such as information 
and communication technologies (ICT), digital, life sci-
ences, medical technologies and resource and energy 
ef� ciency.

Commission VP Jyrki Katainen, responsible for 
Jobs, Growth, Investment and Competitiveness, said, 
“In venture capital, size matters! With VentureEU, Eu-
rope’s many innovative entrepreneurs will soon get the 
investment they need to innovate and grow into glob-
al success stories. This means more jobs and growth 
in Europe.”

Exeter University, Flann Pave Way for 5G 
Communications Revolution

F
lann Microwave and the University of Exeter, 
U.K., have teamed up as part of ground-
breaking research which could help pave 

the way for the next generation of 5G mobile commu-
nications. Flann is working with Ph.D. researcher Julia 
De Pineda-Gutiérrez from the Department of Physics 
and Astronomy on a four-year project which aims to 
use metamaterials to revolutionise antenna design for 
point-to-point radio networks, such as mobile phone 
networks, with the aim of making these smaller, lighter 
and cheaper to manufacture and install.

Metamaterials involves materials being treated or 
engineered to give them special properties not normal-
ly found in nature. In the case of the research being car-
ried out by Flann and De Pineda-Gutiérrez, this involves 
developing surface structures and materials which can 
be used to manipulate radio waves to form the narrow 
beams needed for communication between mobile 
base stations. As demand grows for higher capacity 
mobile networks, this technology opens the prospect 
of subtly incorporating antennas into everyday features 

Visit mwjournal.com for more international news.
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and structures, potentially avoiding the visual clutter as-
sociated with conventional antenna types.

Professor James Watts, chief executive of Flann Mi-
crowave, said, “This work has implications nationally 
and internationally in the development of next gen-
eration communications networks, which face a con-
siderable challenge in moving from 4G to 5G, much 
more so than with the step up from 3G to 4G.

“We’re delighted to be continuing our association 
with the University of Exeter, which has a growing 
reputation in the � eld of metamaterials research. We 
are excited at an academic level and by the practical 
and commercial opportunities which we hope will � ow 
from this project and which could one day become 
mainstream in network development.”

£8M Boost to ICURe Programme for UK 
Research

A
n £8 million expansion of the U.K.’s Inno-
vation to Commercialisation of University 
Research (ICURe) pilot programme will al-

low even more commercially-promising ideas to get 

to market more quickly. The funding will see the Uni-
versity of Warwick and Queen’s University Belfast join 
the programme, which is supported by Innovate U.K., 
part of the new national funding body U.K. Research 
and Innovation.

ICURe’s focus is on training early-career research-
ers to � nd the right route to commercialisation and 
helping them develop the necessary business skills, 
connections and expertise. It aligns with government’s 
Industrial Strategy, which emphasises the importance 
of research, innovation and skills to develop a strong 
economy and ensure Britain leads the high-tech, high-
ly-skilled industries of the future.

With this funding boost, the pilot programme will 
be able to support an additional 48 research teams 
nationwide. A total of £3 million of the funding will 
go towards helping the startups that emerge from the 
programme to establish their businesses and support 
future growth. 

U.K. Business Secretary, Greg Clark said: “Through 
the Industrial Strategy, the four grand challenges and 
the funding, we are helping turn innovative new ideas 
into products and services which could help change 
our lives and keep the U.K. as a world leader in devel-
oping the products of tomorrow.”
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Next-Generation Smart City IoT Platforms 
Leveraging Standards, Open Source, AI

I
n a very crowded IoT platform ecosystem, 
multiple vendors are targeting the smart cit-
ies vertical with optimized and dedicated so-

lutions and vying for dominance in this very promising 
segment, according to a recent study by ABI Research. 

While established players like Cisco and Verizon ex-
cel in the width and depth of functionality offered across 
the value chain and vertical segments, others like IBM 
and Bosch are embracing next-generation technologies 
like AI, blockchain and sensor data crowdsourcing to 
enable a new urban economy based on sharing, service 
and cognitive business models for smart city services 
like community-based parking, automated surveillance 
cams and blockchain-enabled freight tracking.

“To really enable holistic smart city solutions and 
manage dynamic technology lifecycles, city govern-
ments increasingly rely on vendor-agnostic standard-
ized and/or open source platforms,” says Dominique 
Bonte, vice president end markets at ABI Research. “In-
terDigital’s Chordant’s adherence to the oneM2M stan-
dard and FIWARE’s open source API approach offer the 
promise of flexible, pay as you grow, future-proof solu-
tions enabling yet unknown applications and services. 
Standardization organizations like ETSI are also actively 
preparing smart city data and platform standards.”

However, many generic, horizontal IoT platforms of-
fered by carriers, network infrastructure vendors and oth-
er suppliers are also targeted at the smart cities vertical 
but often lack specific functionality required by the public 
sector. At the other end of the spectrum, city platforms 
built around specific verticals such as energy, buildings, 
utilities or transportation are offered by players like Itron, 
Siemens, Schneider Electric, GE and Hitachi. These play-
ers are typically focused on OT rather than IT.

Finally, product or technology specific smart city plat-
forms include solutions built around cloud technology 
(Amazon/AWS, IBM, Microsoft), IT (SAP, NEC, HPE), AI 
surveillance (NVIDIA), connectivity modules (Telit), cel-
lular connectivity (carriers) and smart lighting (Philips).

Ultimately, no single platform will be able to offer 
all features for all verticals in a smart city environment 
characterized by a “platform of platforms” approach, 
with open, interoperable platforms interacting with and 
complementing each other in a “system of systems” 
constellation and open ecosystem.

Forecast Nearly 600M 5G Users by 2023

T
here will be 9 billion user-linked subscrip-
tions to wireless services by 2023, up from 
7.7 billion today, according to new forecasts 

Industrial Connected Sensors Revenue to 
Grow with 19% CAGR

I
f sensor suppliers hope to sustain the growth 
they have started to see with the emergence 
of the Industrial Internet of Things (IIoT), they 

must work with other stakeholders in the ecosystem to 
understand the needs and trends within the IIoT,” says 
Pierce Owen, principal analyst at ABI Research. “Only 
then can they anticipate the future demands of their 
customers and meet them with new and innovative sen-
sors and other products.”

Increases in the amount, types and variability of sen-
sor data result in higher demand for edge computing 
and edge analytics, and improved edge analytics results 
in more use cases for more types of sensors. This virtu-
ous circle benefits manufacturers who get more out of 
their data, sensor suppliers who sell more sensors and 
edge computing software companies who continue to 
innovate. As it stands, most manufacturers do not have 
the computing power at the edge necessary to analyze 
the heavy workload that comes with the new volume of 
sensor data. Sensor suppliers must go to market with 
gateway suppliers and edge analytics specialists to pro-
vide this extra headspace.

The largest sensor suppliers sell automation tech-
nology or other industrial equipment as their primary 
business. Often, they build in sensors to new equip-
ment and provide aftermarket sensors to retrofit leg-
acy equipment. Some of these companies have also 
built their own IIoT platforms. These suppliers include 
Rockwell, ABB, Bosch, Honeywell, Ormron, Schneider 
Electric and Emerson. All the major industrial automa-
tion companies also provide sensors, an IIoT platform 
or both. Because these companies all work on IIoT 
platforms, they have an opportunity to make purpose-
built sensors for IIoT solutions. If end users do not have 
purpose-built sensors, they face a slow buildup of “gar-
bage in and garbage out.”

In addition to the industrial automation companies, 
IIoT sensor specialists and semiconductor companies 
have also targeted the manufacturing sector. This in-
cludes companies such as 3DSignals, ADI, EpiSensor 
and Texas Instruments.

“Software companies and platform providers such as 
PTC, SAP, Siemens and FogHorn will inject themselves 
into the decision-making processes of their clients to 
help them achieve greater ROI. These decisions include 
choosing new sensor suppliers. At this point, most of 
these companies view sensors as the far end of the 
‘dumb pipe.’ Sensor suppliers should go knock down 
the doors of these software companies and platform 
providers to find out how to better serve their needs 
and change that perception. They need to provide val-
ue as a solution partner,” concludes Owen.  

Visit mwjournal.com for more commercial market news.

CommercialMarket
Cliff Drubin, Associate Technical Editor
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from Strategy Analytics. The new report predicts that 
5G adoption will follow a comparable path to that  
seen by 4G LTE, but warns that there is limited growth 
left in connectivity revenue for service providers. Key 
findings include:
•	 �Wireless service revenue will peak in 2021 at 

US$881 billion, just 3 percent above the level fore-
cast for 2018.

•	 �User-linked mobile 5G connections will grow from 
5 million in 2019 to 577 million in 2023 (exclud-
ing fixed wireless applications and IIoT). These  
will account for 10 percent of connectivity revenue 
in 2018.

•	 �Prior to the launch of 5G services, there is consider-
able time for 4G LTE platforms to evolve through 
LTE-Advanced and LTE-Advanced Pro technolo-
gies. Combined, they will account for more than 
half of all 4G LTE connections by mid-2018 and hit 
2 billion connections by year end. Even with 5G, 
many devices will still rely on 4G for roaming out-
side of 5G coverage areas. 
“Competitive pressure has defined the revenue 

growth of many countries in recent years, including 
France, India and the U.S., and wireless service provid-
ers must work harder to identify growth opportunities,” 
notes Phil Kendall, report author. “The monetization of 
4G data traffic has been critical for creating revenue up-

lift, even in the world’s most mature wireless markets 
like Finland and Japan, and remains a medium term pri-
ority for the industry.”

Susan Welsh de Grimaldo, director, Service Provider 
Strategies, adds, “With significant service provider fo-
cus on 5G, there are many unanswered questions relat-
ing to infrastructure costs and deployment strategies, 
and to how well service providers can unlock new rev-
enue streams beyond basic connectivity services. The 
expected early involvement of China in 5G will, how-
ever, bring economies of scale to the 5G device market 
earlier than we typically see with new network technolo-
gies, which will be encouraging for operators looking  
to execute on a clear vision of 5G consumer service  
opportunities.
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MERGERS & ACQUISITIONS
Analog Devices Inc. (ADI) announced the acquisition of 
Symeo GmbH, a privately held company based in Mu-
nich, Germany that specializes in radar hardware and 
software for emerging autonomous automotive and 
industrial applications. Symeo’s innovative signal pro-
cessing algorithms will enable ADI to offer customers a 
radar platform with significant improvements in angular 
accuracy and resolution. Symeo’s unique RF and sensor 
technology enables real-time position detection and 
distance measurement. The company’s technology en-
ables system integrators and original equipment manu-
facturers (OEM) to offer high precision radar solutions in 
rough industrial environments, and complements ADI’s 
expanding portfolio of market solutions in this space.

TDK announced that it is buying Chirp Microsystems, 
a startup that developed an ultrasonic sensor that can 
precisely measure the distance to objects but is small 
and efficient enough to be embedded in IoT devices—
basically a chip that does sonar. With the acquisition, 
TDK plants its stake in the booming business of sensors 
that can sense in 3D, detecting hand gestures and fol-

lowing people around a room. For TDK, Chirp’s sen-
sors complement its portfolio of sensors and actuators 
as well as the navigation systems that it acquired in its 
InvenSense deal.

General Dynamics and CSRA announced that they 
have entered into an amendment to their definitive 
merger agreement under which General Dynamics will 
acquire all outstanding shares of CSRA for $41.25 per 
share in cash, an increase from the prior $40.75 per 
share offer. The transaction is now valued at $9.7 billion, 
including the assumption of $2.8 billion in CSRA debt. 

COLLABORATIONS
Rohde & Schwarz and Unigroup Spreadtrum & RDA, 
a fabless semiconductor company with advanced tech-
nology in mobile communications and IoT, are to es-
tablish a joint operator test laboratory in China as part 
of a memorandum of understanding (MoU) signed at 
Mobile World Congress 2018 in Barcelona. The two 
companies will focus on wireless communications and 
test concepts to better serve their common custom-
ers, including the three Chinese network operators and 
other global operators that Rohde & Schwarz has been 
serving for many years.

SAT4M2M and Fujitsu Electronics are to cooperate 
on the design, development and production of a new 
range of IoT low power wide area (LPWA) modules for 
the booming IoT markets, with communication via sat-
ellites. SAT4M2M develops LPWA space-based con-
nectivity to expand the fast growing domains of IoT and 
benefits from the support of EU, the European Space 
Agency (ESA), the European Telecommunications Stan-
dards Institute (ETSI), DLR (the German Space Agency) 
and leading industry partners.

Computer Simulation Technology GmbH, part of 
SIMULIA, a Dassault Systèmes brand, and VPIphoton-
ics announced their partnership to seamlessly couple 
full-wave photonic device simulation and overall circuit 
simulation and analysis of integrated photonic com-
ponents and subsystems within a single framework. 
Highly-integrated photonic circuits are on the rise, and 
this trend is expected to accelerate in the future. The 
design of complex circuits involves multiple steps, in-
cluding analysis of the overall circuit simulation and per-
formance, which requires accurate models and realistic 
characteristics for each embedded element. These cir-
cuit elements are typically based on information from 
Photonics Design Kits (PDK) provided by foundries.

Teledyne Technologies Inc. announced that its subsid-
iary, Teledyne DALSA Inc., in partnership with ASML 
Holding N.V., will produce pellicle membranes for use 
in extreme ultraviolet (EUV) lithography-based semi-
conductor fabrication. Lithography is a process which 
patterns the structures on a microchip, and lithography 
plays an important role in determining how densely 
chip makers can pack transistors together. As a manu-

For up-to-date news briefs, visit mwjournal.comFor More
Information
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Tom Brazil, 1952-2018

IN MEMORIAM
IEEE Microwave Theory and Techniques 
Society (MTT-S) President Thomas J. Brazil 
passed on April 13, 2018. Brazil held the 
chair of Electronic Engineering at Uni-
versity College Dublin (UCD), where he 
was also head of Electronic Engineering 
in the UCD School of Electrical & Elec-
tronic Engineering. In 1977, he received his Ph.D. from 
the National University of Ireland, and worked on micro-
wave sub-system development at Plessey Research (Cas-
well) U.K. from 1977 to 1979.

Brazil was elected a member of the Royal Irish Academy 
(RIA)—Ireland’s highest academic honor—in 2004, served 
as secretary from 2009 to 2013 and was a member of 
the RIA Council at the time of his passing. He was IEEE 
MTT-S Worldwide Distinguished Lecturer in Microwave 
CAD 1999-2003, was elected an IEEE Fellow in 2003 
and was appointed to the Senate of the National Univer-
sity of Ireland in 2012. Brazil acted as chair for both the 
European Microwave Conference in 2006 and for the 
European Microwave Integrated Circuits Conference in 
2016. Following election by world-wide ballot in August 
2010, he became a serving member of the Administrative 
Committee of the MTT-S and, in October 2016, Brazil was 
elected president of the MTT-S in 2018. He was serving as 
President-Elect in 2017 and President from January 2018.

The Memorials Committee is planning to honor Professor 
Brazil and his contributions to the Society at IMS2018.
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facturer of chip-making equipment, ASML has designed 
the EUV lithography platform as an extendible platform 
that that will enable the continued progress in micro-
chip manufacturing, delivering chip device cost reduc-
tions, power savings and performance improvements 
well into the next decade.

NEW STARTS
AKON Inc., a supplier of microwave components and 
integrated microwave assemblies, announced a major 
addition to the company’s website, which is highlight-
ing AKON’s new and expanded line of millimeter band 
components and assemblies, targeted at both the up-
coming 5G technology rollout as well as the defense 
market. AKON products are now available up to 50 
GHz. This includes ampli� ers, switches, � lters, power 
dividers and frequency multipliers, as well as integrated 
assemblies such as switched � lter banks and frequency 
converters.

ACHIEVEMENTS
On March 20, 2018 at EDI CON China 2018, the con-
ference and exhibition that brings together engineers 
working on high frequency analog and high speed 
digital designs, the winners were announced in the 
EDI CON Innovation Awards. This award program hon-
ors products that have had the greatest impact on the 
industry this year, providing the tools necessary to bring 
on the next generation of electronic design innovations. 
Winners were announced by Winson Xing, editor of 
Microwave Journal China, on the exhibit hall � oor at 
EDI CON China at the China National Convention Cen-
ter in Beijing. Nominations were open to all exhibitors 
at EDI CON China 2018.

Agile Microwave Technology Inc. has passed the rig-
orous standards for quality management systems to 
earn certi� cation to ISO standard ISO 9001:2015, for 
the design and manufacture of RF and microwave cir-
cuits, hybrids, modules, MCMs, multi-function modules 
and MMIC assemblies, for its new corporate headquar-
ters in the Research Triangle Area at Cary, N.C.

Kymeta announced that the company’s KyWay™ satel-
lite terminals are now certi� ed with the world’s leading 
satellite operators, including Intelsat, Telesat, SES and 
HISPASAT. Antenna certi� cation with these providers 
means that KyWay terminals successfully connect with 
the operator’s satellite spacecraft and do not cause 
adjacent satellite interference. Kymeta’s satellite termi-
nals operate across a broad range of satellites, and can 
switch from satellite to satellite, automatically acquiring 
signals, no matter what operator owns them. The prov-
en ability to establish a link without interference means 
an entire host of use cases are now possible for � xed 
and mobile satellite communications.

Triumph Group Inc. announced that its Triumph Fabri-
cations company was recognized with Elite Supplier sta-
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tus by Lockheed Martin Rotary and Mission Systems 
(RMS) for exceptional supplier performance in support 
of their Sikorsky Aircraft business. Triumph Fabrications, 
a Triumph Aerospace Structures operating company, 
produces complex hydroform and stretchform sheet 
metal components for Sikorsky’s UH-60 Black Hawk 
platform. To attain RMS Elite Supplier status, a com-
pany must supply best-in-class performance in qual-
ity, delivery, lean and customer satisfaction. This year, 
Triumph Fabrications achieved a perfect rating of 100 
percent in quality, as well as exceptional ratings for on-
time delivery, market feedback and performance on 
Sikorsky’s Health Assessment.

A new operational headquarters for the agency that 
plans, develops, delivers and operates the military’s 
command-and-control capabilities, including defense 
of secure IT infrastructure in 42 countries, has been 
honored as among the year’s finest engineering proj-
ects in Illinois. The DISA Global Operations Head-
quarters at Scott Air Force Base, Ill., includes a secure 
operations center designed for 24/7 operations and 
to withstand tornadic winds. The project is winner of a 
Special Achievement Award from the Illinois chapter of 
the American Council of Engineering Companies, first 
in the chapter competition’s Building/Technology Sys-
tems category.

CONTRACTS
Technica Corp., a provider in high-end systems engi-
neering and operations and maintenance for mission-
critical networks and applications, announced that the 
U.S. Army’s Program Executive Office for Enterprise 
Information Systems (PEO-EIS) has selected the com-
pany as a provider for the $250 million Army Cloud 
Computing Enterprise Transformation (ACCENT) Basic 
Ordering Agreement (BOA). Under ACCENT, Technica 
will support the Army in transitioning its systems and 
applications to FedRAMP-certified commercial cloud 
hosting services or an Army Enterprise Hosting Facil-
ity (AEHF). This contract is in direct alignment with the 
Army’s data center consolidation strategy, with goals of 
a 75 percent reduction by 2025.

BWX Technologies Inc. announced that the U.S. Naval 
Nuclear Propulsion Program has exercised contract 
options with BWXT subsidiary Nuclear Fuel Services, 
Inc. (NFS) totaling more than $151 million for fuel man-
ufacture, development activities and decommissioning 
work in support of the nation’s nuclear submarines and 
aircraft carriers. The contract options were awarded in 
the fourth quarter of 2017. Work under these contracts 
has already commenced, and the vast majority of it will 
be completed during the remainder of 2018. NFS has 
been the sole manufacturer of nuclear fuel for U.S. Navy 
aircraft carriers and submarines for decades.

The U.S. Army has placed two orders totaling $97 
million for BAE Systems to provide new night vision 
goggles and thermal weapon sights, which together 
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will enable soldiers to rapidly and covertly acquire tar-
gets in all weather and lighting conditions. The orders 
are part of a previously announced five-year contract 
for the Army’s Enhanced Night Vision Goggle III and 
Family of Weapon Sight-Individual (ENVG III/FWS-I) 
program. The BAE Systems-developed ENVG III/FWS-I 
solution features a Rapid Target Acquisition (RTA) Mod-
ule to greatly reduce target engagement time.

CACI International Inc. announced that it has been 
awarded an indefinite delivery/indefinite quantity (IDIQ) 
contract, with a ceiling value of $60 million, to provide 
advertising and marketing support to the Army National 
Guard (ARNG) State Media Services Program (SMSP). 
This three-year single-award contract represents con-
tinuing work in the company’s Business Systems market 
area. The SMSP provides ARNG Retention and Recruit-
ment Commands with access to professional advertis-
ing and creative resources to help the ARNG maintain 
end strength in all 50 states, the District of Columbia 
and three U.S. territories. Under the contract, CACI will 
provide ARNG Recruitment and Retention Command 
with in-depth market research and analysis, digital and 
traditional advertising strategies, media planning and 
buying and full-spectrum creative services.

The Department of the Navy has awarded Peraton 
a contract to support the efforts of U.S. armed servic-
es to detect, locate, remove and secure unexploded 
ordnance on land and at sea. Peraton will support the 
Explosive Ordnance Disposal (EOD) Program Manage-
ment Office. The contract has a ceiling of $40.97 mil-
lion for one base year and four option years. This is the 
team’s 10th consecutive EOD support contract award 
since 1983, which covers onsite engineering, logis-
tics and curriculum development and training support 
services for the Joint EOD Community. The EOD Pro-
gram Management Office provides the systems, tools 
and equipment EOD technicians need to locate, iden-
tify and neutralize unexploded ground and underwater 
ordnance, including sea mines, IEDs and other devices.

VSE Corp. was recently awarded a task order under the 
U.S. Air Force Contract Field Teams (CFT) IDIQ con-
tract, supporting the 314th Air Wing at Little Rock Air 
Force Base in Ark. This task order consists of a one year 
base period of performance with one one-year option 
period and an additional six-month option period and 
total potential value of $28.5 million. Under this task or-
der, VSE will provide organizational maintenance, repair 
and overhaul services on a fleet of C-130J Super Hercu-
les four-engine turboprop military transport aircraft for 
the 314th Air Wing at Little Rock Air Force Base.

Mercury Systems Inc. announced it received a $3.1 
million order from a manufacturer of commercial space 
technology solutions for high-reliability RF microelec-
tronics modules designed and screened to space-level 
performance standards. The order was booked in the 
company’s fiscal 2018 second quarter and is expected 
to be shipped over the next several quarters. The com-
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pany has a 40 year heritage in the design and manu-
facturing of space-quali� ed RF and microwave compo-
nents, modules and highly integrated subsystems for 
defense prime contractors, government agencies and 
commercial companies. Mercury’s space-quali� ed RF 
microelectronics have been successfully deployed in a 
wide range of applications including satellites, space-
craft and rover vehicles operating on Mars.

Comtech Telecommunications Corp. announced that 
during its third quarter of � scal 2018, its Tempe, Arizo-
na-based subsidiary, Comtech EF Data Corp., which is 
part of Comtech’s Commercial Solutions segment, re-
ceived a $1.6 million order for satellite modems from 
a major U.S. DoD contractor. The order speci� ed the 
DMD2050E MIL-STD-188-165A/STANAG 4486 Edition 
3 Compliant Universal Satellite Modem, which will be 
utilized to support the U.S. Army Project Manager Tacti-
cal Network. The DMD2050E Satellite Modem is de-
signed to comply with the widest possible range of U.S. 
government and commercial standards and is compat-
ible with the largest number of satellite modems in the 
industry.

Leonardo, through its German subsidiary Selex ES 
GmbH, has been awarded a major contract by the Bu-
reau of Meteorology to deliver state-of-the-art meteo-
rological radars in Australia. In the long-awaited tender, 
the Bureau of Meteorology called for quotations for 
C- and S-Band radar systems and selected Leonardo as 
the sole supplier of new meteorological radars for the 
coming years. The deed of supply has an initial term of 
four years and includes the option to be extended to 
up to 10 years. The Bureau of Meteorology currently 
operates 62 meteorological radars in its country-wide 
network.

PEOPLE
SemiGen Inc., an ISO and ITAR regis-
tered RF/microwave assembly, auto-
mated PCB manufacturing and RF 
supply center, announced the hire of  
new president, Tim Filteau. Filteau is 
an experienced leader who has held 
executive-level operational positions 
at RF, semiconductor and integrated 
products companies including   Tim Filteau
MACOM, Cobham PLC and Aero� ex 

Metelics. This announcement comes soon after Semi-
Gen’s purchase and expansion into a new 43,000 square 
foot fabrication facility, formerly the Micrometrics/Aero-
� ex-Metelics facility, in Londonderry, N.H.

REP APPOINTMENTS
Antenna Systems Solutions S.L. (Celestia Technolo-
gies Group), a supplier of antenna measurement sys-
tems to the worldwide satellite, defence, wireless and 
government markets, announced that it has appointed 
Flexitron as its distributor for Sweden and Norway.
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Piconics Inc. announced the appointment of dBm Tech-
nical Sales as its exclusive sales representative for all 
six New England states. Established in 1963, Piconics is 
a  manufacturer of high quality micro-electronic induc-
tors including broadband conicals, RF and microwave 
air coils, fixed, tunable and spiral inductors. Founded 
in 1992, dBm is a team of experienced and dedicated 
engineers specializing in RF, microwave and fiber op-
tic technologies. Together, Piconics and dBm will bring 
high quality inductor solutions with unparalleled cus-
tomer service to the New England market.

Richardson Electronics Ltd. announced a new global 
distribution agreement with 3Rwave Co. Ltd., a manu-
facturer specializing in microwave ferrite devices includ-
ing isolators and circulators with frequency ranges up 
to 40 GHz and 20 kW. Effective January 9, 2018, the 
agreement aligns with both companies’ commitment to 
partnering with customers by providing the quality and 
volume to meet their needs.

PLACES
Wurth Electronics Australia Pty was officially opened 
in Footscray, West Melbourne on February 2, 2018. The 
change of the company name for the Australian sales 
office of Würth Elektronik eiSos is the result of the great 
successes on the Australian continent that the company 
has achieved since 2011. On the occasion of the open-
ing ceremony, the team, currently comprised of eight 
staffers, received a visit from Alexander Gerfer, CTO of 
the Würth Elektronik eiSos Group. The manufacturer of 
electronic and electromechanical components started 
in Australia in 2011 with one sales employee. 
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ProtoMat® Benchtop PCB Prototyping Machine
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.

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

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

Leonard Weber
Agilent

9:00 AM

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

10:05 AM

Your first board is
ready to test.

11:48 AM

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

1:03 PM

Your second board is
ready to test.

3:14 PM

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

4:09 PM

Your finished board is
ready to go.

5:00 PM

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

All in a day’s work

1:03 PM

Your second board is
ready to test.

SEE A DEMO
BOOTH #1216
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Design of Broadband  
High Efficiency Power  
Amplifiers Based on Series 
Continuous Modes
Qirong Li, Songbai He, Zhijiang Dai and Weimin Shi
University of Electronic Science and Technology of China, Chengdu, China

A series of continuous modes for designing broadband high efficiency power amplifiers (PA) is 
described and a broadband PA based on this theory is realized. A new theoretical formulation 
is presented by shaping the drain voltage and current waveforms. In comparison to the classical 
series of continuous modes, wider design space is obtained, which is benefit for broadband 
matching network design. To verify this theory, a high efficiency PA is designed, built and tested. 
Measurement results verify that the objective performance is obtained, while fundamental and 
harmonics impedances are in good agreement with theory. The fabricated PA delivers 10.9 to 
19.5 W saturation output power with a drain efficiency (DE) of 69.5 to 77.9 percent from 2.3 to  
3.8 GHz. Gain is 9.8 to 12.3 dB with output power of 40.4 to 42.9 dBm.

PA designers seek broadband per-
formance with high efficiency. Har-
monic-tuned PA modes, such as 
class J and F, have become the pri-

mary candidates for obtaining high efficien-
cy.1 Although these PAs mode can operate 
with efficiencies higher than 78.5 percent, 
they are limited to narrow bandwidths due 
to the requirement for accurate harmonic 
terminations. To broaden operating band-
widths and simplify matching network de-
sign, advanced PAs modes, known as class B 
to class J continuous2 and the family of con-
tinuous class F,3 have been proposed. With 
multiple impedances distributed over the 
desired bandwidth dynamically, these ex-
tended harmonic-tuned PA modes achieve 
the desired efficiency and output power. 
Based on these modes, there are various 
ways to obtain wideband operation.4-6

These continuous PA modes, however, 
simply expand the reactive part of the op-
timal impedance solution; therefore, the 

optimal impedance can only change on the 
constant resistance circle of the Smith chart. 
Just like the continuous class F mode, pure 
reactive second harmonic impedances are 
still required.

The series continuous modes (SCM) con-
cept was presented by Chen et al. in 2014.7 
By combining continuous modes, new 
modes provide the possibility of realizing a 
high efficiency broadband PA. The real part 
of the optimal fundamental impedances 
(Z(1f,re)) can vary from 1 to 1.154, providing 
greater design freedom.

In this article, new theoretical formu-
lations based on the continuous class  
F mode and SCMs are presented by shaping 
the voltage and current waveforms. Com-
pared to SCMs, the real part of novel series  
continuous modes (NSCM) can vary over  
a wider range, which significantly relieves 
the difficulty in broadband matching net-
work design.
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SAME DAY
SHIPPING!

NOVEL SERIES CONTINUOUS MODES

Review of the Continuous Class F Mode
From the class F mode, the required uni� ed drain 

voltage waveforms are de� ned in Equation 1. In order 
to sustain a positive voltage, empirical parameter γ is in 
the range of ‐1 and 1. The ideal normalized half-recti-
� ed drain current waveform3, 7 is shown in Equation 2.

Vds = 1− 2
3
cosθ⎛

⎝⎜
⎞
⎠⎟
2

1+ 1
3
cosθ⎛

⎝⎜
⎞
⎠⎟
1− γ sinθ( ), (1)

−1≤ γ ≤1

=
π

+ θ +
π

θ −
π

θ +I
1 1

2
cos

2
3

cos2
2

15
cos4 K K (2)ds

A DE of 90.7 percent can be maintained while de-
livering maximum power and optimal impedances can 
vary on the Smith chart, but with a constant real part.

Review of the SCMs
By combining the continuous class B/J mode, the 

continuous class F mode and the other continuous 
modes, the normalized voltage formulation3,7 is de-
� ned by Equation 3 with the same ideal normalized 
half-recti� ed drain current waveforms as in Equation 2, 
formed by the class B bias condition.

( )( )+ − α θ + β θ − γ θ − ≤ γ ≤V 1 cos cos3 1 sin , 1 1 (3)ds

To keep Vds positive, the relationship between α and 
β is shown in Equation 4.

α − β = α ≤

α +
β

α
⎛
⎝⎜

⎞
⎠⎟

+
α
β

⎡

⎣
⎢

⎤

⎦
⎥ = < α ≤

1 for
9
8

(4)

2
3

2 1
4 12

1 for
9
8

2
3

The theoretical DE varies from 78.5 percent (the 
continuous class B/J mode) to 90.7 percent (the con-
tinuous class F mode). The real part of the normalized 
fundamental optimal impedance varies from 1 to 1.154 
(1 ≤ α ≤ 2/√3), which is good for realizing wideband 
operation.

Novel Series Continuous Modes
Starting from the continuous class F mode, the con-

tinuous class F‐1 mode is obtained by shaping the cur-
rent waveforms while maintaining a constant voltage 
waveform. This expands the design space. Then, by 
multiplying the factor (1 – γ sinθ) with the drain volt-
age waveform, SCMs offer increasing � exibility. Evolv-
ing from the continuous class F mode and SCMs, the 
NSCMs perform shaping of the voltage waveform and 
the current waveform simultaneously as described by 
Equations 5 and 6.

Vds + 1− 2
3
cosθ⎛

⎝⎜
⎞
⎠⎟
2

1+ 1
3
cosθ⎛

⎝⎜
⎞
⎠⎟
1− γ sinθ( ), (5)

−1≤ γ ≤1

= + α θ + β θI 1 cos cos2 (6)ds

To work successfully, it is worth noting that non-zero 
crossing voltage and current waveforms are essential. 
So the γ parameter varies from ‐1 to 1, and the relation-
ship between the α and β is as follows:

α − β = α ≤

α
β

+ β = < α ≤

1 for
4
3

(7a)

8
1 for

4
3

2 (7b)
2

The various combinations of α and β map to differ-
ent continuous modes. When α = √2 and β = 1/2, the 
quasi-continuous class F‐1 mode is obtained. When α = 
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class F‐1 continuous mode and the 
standard continuous class F mode is 
the space where high order current 
elements need to exist for positive 
current waveforms.

From Equations 5 and 6, the 
power at dc (Pdc), fundamental RF 
(PRF) and the DE η are computed:

=
π

=
α

π

η =
α

P
1

V I (9a)

P
3

V I (9b)

3
(9c)

dc ds peak

RF ds peak

DE and output power normal-
ized to the continuous class F mode 
are illustrated in Figure 3. The DE 
of the NSCMs ranges from 57.7 to 
81.6 percent when α changes from 
1 to √2. When α = √2, the DE of 
the quasi-continuous class F‐1 is 
81.8 percent which is same as the 
DE of the typical continuous class 
F‐1 mode. Compared to the quasi-

= 1/10 corresponds to another new 
continuous mode as well. The volt-
age and current waveforms when α 
= 11/10, 5/4 and √2 are depicted 
in Figure 1. The current waveform 
of continuous class F is also plotted 
in Figure 1 for comparison.

The fundamental and harmonic 
optimal impedances, normalized  
to Ropt, are given in Equation 8. Ropt 
= 2 ∙ (Vds – Vknee)/Ipeak is the optimal 
fundamental impedance for class B 
operation, corresponding to all har-
monics short circuited.

Z1 = π
3α

+ j
πγ
2α

(8a)

Z2 = − j π
2 3β

γ + 1
6

⎛
⎝⎜

⎞
⎠⎟ (8b)

Z3 = ∞ (8c)

This novel design concept pro-
vides more abundant optimal im-
pedances solutions. The parameter 
α varies from 1 to √2, and the cor-
responding normalized real part of 
the fundamental optimal imped-
ance (Z(1f,re)) varies from 1.28 to 
1.81. Figure 2 shows optimal funda-
mental and harmonic impedances 
of the NSCMs when α = 11/10, 5/4 
and √2. The quasi-continuous class 
F‐1 mode corresponds to Z(1f,re) = 
1.28. The optimal impedances of 
the continuous class F mode are 
also shown in the Figure 2 (the red 
dot area where Z(1f,re) = 1.154). The 
design space between the quasi-

5/4 and β = 1/4, another continuous 
mode is achieved. The voltage and 
current waveform of α = 11/10 and β 

 Fig. 2  Impedance design space.
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vice (CGH40010F) is designed to 
experimentally verify the design 
concept. From the last section, we 
know that when α > 6/5, a 70 per-
cent DE can be sustained. An ap-
proximate CGH40010F large-signal 
package model from Chen et al.6 is 
employed together with an output 
matching network (OMN) to achieve 
optimal impedance matching.

When exploiting the nonlinear 
device capacitance, it can domi-
nate the third harmonic band re-
sponse;5 so, in the OMN design, 
emphasis is placed on fundamen-
tal and second harmonic match-
ing while keeping third harmonic 
impedances in the high ef� ciency 
region. Real frequency technol-
ogy8 and stepped-impedance 
� lter matching are the most com-
mon methods used in the match-
ing network design. A stepped-
impedance microstrip-line � lter 
network is utilized in this work.

Figure 4a shows the � nal match-
ing network with dimensions. A 
photo of the fabricated PA circuit 
implemented on a Rogers 4350B 
PCB with H = 20 mils is shown in 
Figure 4b. With the approximate 
package model of the device and 
the � nal OMN, we obtain the im-
pedance trajectories normalized 
to Ropt at the package plane and 
current generator (I-gen) plane, as 
shown in Figure 5. It is clear that 
the impedances at the I-gen plane 
lie within the predicted region.

modes. For example, if a DE above 
70 percent is desired, an α param-
eter greater than 6/5 is chosen; for a 
DE above 60 percent, an α param-
eter greater than 1.04 is used.

BROADBAND HIGH EFFICIENCY 
PA DESIGN BASED IN NSCMS

A broadband (2.3 to 3.8 GHz) 
high ef� ciency PA employing a 10 W 
Cree (Wolfspeed) GaN HEMT de-

class F‐1 continuous mode, output 
power of the NSCMs declines by 
about 0 to 1.5 dB, but good perfor-
mances is still achieved.

From Figures 2 and 3, it is clear 
that the design space of the NSCMs 
covers a wider area where Z(1f,re)  
is between 1.28 and 1.81 and α 
is between 1 and √2. This offers 
signi� cantly more design freedom 
compared to traditional continuous 

 Fig. 4  PA matching network (a) and fabricated ampli� er (b).
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published work. FE denotes the fre-
quency-weighted average efficien-
cy. The ITRS PA FoM includes both 
output power and gain in addition 
to the DE and frequency. Consider-
ing these measures, the NSCM pro-
vides excellent performance.

CONCLUSION
Emerging from the classical con-

tinuous class F mode and SCMs, 
the NSCMs are obtained by shap-
ing drain voltage and current wave-
forms simultaneously. These modes 
enable expansion of the real part of 
optimal impedances solutions, pro-
viding greater design flexibility for 
improved performance.n
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TABLE 1
PERFORMANCE OF STATE-OF-THE-ART BROADBAND PAs

Reference Bandwidth 
(GHz)

Output 
Power 

(W)

Drain 
Ef� ciency (AE) 

(%)

Gain 
(dB) FE FOM Design 

Type

4 1.5 to 2.5 9 to 11.5 60 to 70 (65) 10.2 to 
12.2 77.3 298.5 Class J

5 1.45 to 2.45 11 to 
16.8 70 to 81 (75.5) 10 to 

12.6 89.2 462.6 CF

6 1.3 to 3.3 10 to 15 60 to 83 (72.7) 10 to 13 89.5 552.8 CF/
CF-1

7 1.6 to 2.7 10.2 to 
17.8

70.3 to 81.9 
(76.4)

11.9 to 
15.2 92.5 669.9 SCMs

This Work 2.3 to 3.8 10.9 to 
19.5

69.5 to 77.9 
(72.1)

9.8 to 
12.3 95.3 1126.5 NSCMs

Notes:
FE = AE*fc0.25, where AE = Average Drain 
Ef� ciency and fc =  Center Frequency
FoM = fc2*AE*AP*AG, where AP = Average 
Output Power and AG = Average Gain

CF = Continuous F 
CF-1 = Continuous F-1

SCMs = Series of Continuous Modes 
NSCMs = Novel Series of Continuous Modes
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A Compact Microstrip  
Lowpass Filter with  
Harmonic Suppression
Chun-Ping Ge and Yong-Qin Liu
Weinan Normal University, Weinan, China

Yan Dou
Weinan Normal University, Weinan, China and University of Electronic Science and Technology of China,  
Chengdu, China

A compact microstrip lowpass filter with harmonic suppression exhibits ultra-wideband rejection. 
It is based on triangular patch resonators and a butterfly patch resonator with two 120 degree 
radial “wing” patches. A filter of this design with a 3 dB cutoff frequency at 1.78 GHz achieves a 
harmonic suppression bandwidth of 158 percent, enabling it to suppress the twelfth harmonic 
response. Its small size of 14.5 mm × 18 mm corresponds to 0.133 λg × 0.165 λg, where λg is the 
guided wavelength at 1.78 GHz.

Planar lowpass filters with compact 
size and high performance are fre-
quently required in microwave com-
munication systems to suppress har-

monics and spurious signals. Conventional 
design methods utilize high and low imped-
ance lines with shunt stubs and semi-lumped 
elements. These methods, however, yield 
low stopband rejection and relatively flat 
roll-off characteristics while large in size.1-2

Techniques to reduce size and enhance 
performance have been widely studied in 

recent years.3-7 Li et al.3 cascaded multiple 
stepped-impedance hairpin resonators to 
realize a sharp roll-off and wide stopband 
suppression, at the cost of large size and 
high passband loss. Hayati and Lotfi4 cas-
caded multiple, semi-circular and semi-
ellipsoid patch resonators to achieve wide 
stopband suppression, but faced a tradeoff 
between size and performance. To further 
improve stopband performance, Ma et al.5 

proposed a lowpass filter of cascaded LC 
resonant structures and transformed radial 
stubs, but this resulted in large circuit size 
and increased design complexity. Ma and 
Yeo6 replaced conventional low impedance 
stubs with radial stubs to realize wide stop-
band rejection, but roll-off performance 
was not ideal and stopband bandwidth 
could be improved. Defected ground struc-
tures and multilayer techniques have also 
been used,7 at the price of increased de-
sign complexity.

In this article, a microstrip lowpass filter 
with compact size and harmonic suppres-
sion is described. Both triangular patch and 
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ally. Figure 2a shows the simulated 
frequency response of the lowpass 
� lter with resonator 1, only. With the 
exception of a parasitic response in 
a narrow band around 7.5 GHz, the 
� lter has wide harmonic suppres-
sion characteristics. To eliminate 
this parasitic passband a triangular 
patch resonator is introduced. As 
shown in Figure 2b, the simulated 
frequency response of the lowpass 
� lter with resonator 2 has a wide 
stopband response. It has one 
transmission zero in the vicinity of 
7.5 GHz, which can be adjusted by 
controlling the size of the structure. 
Both resonators are used to achieve 
wide stopband performance, shown 
in Figure 2c, which shows the low-
pass � lter response of resonators 1 
and 2.

The microstrip � lter (see Figure 
3) was fabricated on an RT/Duroid 
5880 substrate with a dielectric con-

FILTER DESIGN
Figure 1 shows the � lter layout. 

It consists of high and low imped-
ance microstrip main transmission 
lines and two types of resonators. 
Resonator 1 is composed of a high 
impedance transmission line and a 
butter� y patch connected in series. 
Resonator 2 is a triangular patch. 
To illustrate the design theory, the 
frequency responses of the two 
resonators are discussed individu-

butter� y patch resonators are used 
in the design to achieve compact 
size and ultra-wideband rejection. 
Meander transmission lines are 
also employed to further reduce 
size. The resulting � lter exhibits a 
harmonic suppression band from 
2.83 to 21.6 GHz with better than 
15 dB suppression, less than 0.3 dB 
passband insertion loss and a com-
pact size of 0.133 λg × 0.165 λg, 
where λg is the guided wavelength 
at 1.78 GHz.
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 Fig. 2  Simulated lowpass � lter 
response with only resonator 1 (a), only 
resonator 2 (b) and both resonators 1 
and 2 (c).
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RFE combines flexibility and agility with the 
competitive cost structures required for today’s 
entrepreneurial driven markets.
 
Dedicated to the design and manufacture of high 
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synthesizers and oscillators available in chip & wire, 
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tor network analyzer. The measured 
and simulated responses, shown in 
Figure 4, are in good agreement. 
The measured 3 dB cutoff frequen-
cy is 1.78 GHz (see Figure 5). The 
� lter suppresses up to the twelfth 
harmonic, as spurious frequencies 
are suppressed greater than 17 dB 
from 2.37 to 18.20 GHz. For com-
parison, Table 1 summarizes the 
performance of this and several 
other previously published lowpass 
� lter designs.

stant of 3.38, thickness of 0.813 mm 
and loss tangent of 0.0027. The di-
mensions (shown in Figure 1) are: 
l1 = 2.4 mm, w1 = 2.6 mm, w2 = 
0.4 mm, w3 = 0.5 mm, w4 = 1.5 mm, 
w5 = 0.5 mm, l2 = 5.1 mm, l3 = 
5.6 mm, l4 = 3.9 mm, r = 8.5 mm 
and θ = 120 degrees.

SIMULATION AND 
MEASUREMENT

The � lter’s performance was mea-
sured with a Keysight N5244A vec-

TechnicalFeature

 Fig. 3  Fabricated microstrip lowpass 
� lter.
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 Fig. 4  Simulated vs. measured 
lowpass � lter performance.
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 Fig. 5  Simulated vs. measured 
passband insertion loss.

TABLE 1
FILTER COMPARISON

Ref.
Circuit 
Size
(λg)

Maximum 
Passband 
Insertion 
Loss (dB)

Harmonic
Suppression

2 0.08 × 0.08 0.5 9th

3 0.11 × 0.36 1.0 10th

4 0.23 × 0.31 0.3 6th

5 0.15 × 0.40 0.4 7th

6 0.24 × 0.31 1.5 13th

8 0.07 × 0.12 0.3 11th

This
Work 0.13 × 0.17 0.3 12th
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Providing the highest quality and cost-competitive
Broadband RF and Microwave Products 
in the Indsustry since 1989.

• Fixed Attenuators
• Variable Attenuators
• Terminations
• Power Dividers/Splitters 
• RF Adapters 
• DC Blocks 
•• RF Tuners 
• DC to 50 GHz 
• 1 Watt to 2000 Watts
• Custom Solutions 

Covering Your Spectrum
SUMMARY

A microstrip lowpass filter with 
a cutoff frequency of 1.78 GHz and 
good harmonic suppression was de-
signed, fabricated and measured. 
The demonstrated filter achieved 
very good performance: low inser-
tion loss in the passband and com-
pact size. The filter design has a very 
wide stopband, able to suppress 
the twelfth harmonic. With this per-
formance, the proposed structure 
has potential applications in mod-
ern communication systems.n
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UWB 16-Way Hybrid  
Coaxial/Ring Cavity Power 
Divider with Low Insertion Loss
Yu Zhu, Kaijun Song, Shunyong Hu and Yong Fan
University of Electronic Science and Technology of China, Chengdu

An ultra-wideband (UWB) 16-way ring cavity power divider uses a symmetrically coaxial taper. To 
extend its operating bandwidth, stepped-impedance matching is employed. Measured return 
loss is better than 10.8 dB from 5.8 to 18.4 GHz. Average insertion loss is about 12.5 dB, including 
the 12 dB divider loss. Amplitude and phase imbalances are approximately ±0.7 dB and ±7 
degrees, respectively, across the entire operating frequency range.

To address the rapidly developing 
demands of RF/microwave indus-
trial and military applications, UWB 
radiating systems are attracting in-

dustry attention. In all radar and communica-
tions systems, the output power of the trans-
mitter is a major determinant of operating 
range. To achieve higher output power over 
wide bandwidths, various multi-way power 
combiners/dividers have been described.1-20 
These include substrate integrated wave-
guide power dividers,1 rectangular wave-
guide power dividers,3-5 radial waveguide 
power dividers,6-7 conical power dividers8-9 

and coaxial waveguide power dividers.10-12 
With an increasing number of ports, the ra-
dius of a radial waveguide6-7,13 or a conical 
line8 increases. This introduces higher-order 
modes that cannot be effectively suppressed. 
Bandwidth and insertion loss are also impor-
tant considerations as the structure becomes 
larger and more complex.

In this article, a UWB 16-way ring cav-
ity power divider, also suitable as a power 
combiner, is described. It consists of a co-
axial taper transition, an oversized coaxial 
waveguide with a stepped inner conductor 
and a ring cavity with 16 coaxial probes. A 
coaxial taper feed port provides uniform ex-
citation12 for excellent amplitude and phase 
balance. Measurements agree closely with 
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 Fig. 1  16-way ring cavity power divider: ring cavities with 
output ports (a) and power divider (b).
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High-Power Waveguide Isolators

fed in parallel from 
an oversized co-
axial waveguide. A 
coaxial taper feed 
port provides axi-
ally symmetric elec-
tromagnetic � eld 
excitation for the 
ring cavity power 

divider and maintains good output 
port amplitude and phase balance. 
It also provides good impedance 
matching to the input port to the 
ring cavity. A stepped inner con-
ductor further improves wideband 
impedance matching. In general, 
to provide proper impedance 
matching, the length of each co-
axial probe should be about λg/4, 
where λg is the waveguide wave-
length at the center frequency; 

simulation. Such a structure can be 
extended to large numbers of power-
dividing ports.

POWER DIVIDER DESIGN
Figure 1 shows the hybrid, coaxial/

ring cavity, 16-way power combiner/
divider terminated by SMA connec-
tors (coaxial ports). The input signal 
is fed to the left input connector and 
then divided into 16 equal output sig-
nals, where each output connector is 

however, the length of the capac-
itively-loaded coaxial probe is less 
than λg/4.12

As shown in Figure 1, the length 
of L0 is maintained at about λg/4 to 
make the outer side of the ring cav-
ity the short wall. When the number 
of ports increases, the radii R and R0 
increase, but the width of the ring 
cavity (R–R0) is kept constant. That 
is, when the number of probes in-
creases, only the perimeter of the 
ring cavity increases; the section of 
the ring cavity is kept constant, pre-
venting higher-order modes from 
propagating. This power-dividing 
structure is, therefore, suitable for 
large numbers of ports for high-
power, active power-combining sys-
tems.

The approximate equivalent cir-
cuit of the 16-way ring cavity power 
divider is shown in Figure 2. The 
stepped discontinuity from the out-
put port of the coaxial taper to the 
ring cavity is modeled as a capacitive 
reactance -jXs. ‐jXs can be altered 
easily by changing L2, L5, R1 and 
Rs; the adjustability of ‐jXs facilitates 
impedance matching. The charac-

 Fig. 2  Power divider equivalent circuit.

Ring 
Cavity 

with Inner 
Probes

Coaxial
Taper

Zc
Zoc,�c

–jXs

Port 2

Port 17

:
:
:

Port 1

TABLE 1
OPTIMIZED DIMENSIONS OF THE RING CAVITY POWER DIVIDER (mm)

Rt Rp d h Lp L1 L2

3 3.8 0.4 4 2 0.5 1.8

L3 L4 L5 R Rs R0 R1

68.3 7.7 0.4 31.3 21.2 19.7 5.6
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For this ring cavity, 8-way power 
combiner/divider, n is equal to 16, 
so the average value of isolation 
and return loss of the output ports is

( )

⎛
⎝

⎞
⎠
= −

= ≠ ≠

101g S 12.3 dB

n 16,i 1,i j (4)
ij

2

SIMULATION AND 
MEASUREMENT

Using this analysis, the 16-
way ring cavity power divider was  
designed, simulated and opti-
mized using the electromagnetic 
simulation tool Ansoft-HFSS. The 
optimized dimensions are listed in 
Table 1, and the fabricated power 
divider is shown in Figure 3. The 
power divider was measured us-
ing a Keysight network analyzer, 
and the measured S-parameters 
are compared with the simulated 
in Figure 4. The average insertion 
loss is around 12.5 dB, including 
the ideal 12.04 dB power-dividing 
loss. Figure 5 shows the measured 
transmission characteristics. A 
maximum amplitude imbalance of  

teristics of the proposed structure can 
be analyzed with microwave network 
theory. According to Hu et al.,12 for an 
N-port lossless reciprocal network

S S 1

S S 0,i j

(1)

ki ki
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ki kj
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=

	

�The ring cavity, 16-way power combin-
er/divider structure is axially symmet-
ric. Port 1 is the input port and the re-
maining n ports are the output ports. 
Assuming that the input port is imped-
ance matched, the S-parameter matrix 
is given as

S
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If this structure is lossless, this is the 
unitary matrix. So that

S
n 1

n
i 1,i j (3)ij

2

2=
−

≠ ≠

±0.7 dB and a phase imbalance of 
±7 degrees are achieved over the 
entire band. These imbalances are 
attributed to fabrication errors.

 Fig. 3  Fabricated power divider.
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NOW 
HIRING 
More Than a Few Great 
Men and Women
Innovative Semiconductor 
Company Makes Big Push to 
Attract the Best and Brightest
An Interview with CEO Stefan Wolff by JT Konstanturos

Stefan Wolff is someone 
who tells it like it is. 
The pragmatic CEO 

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

JTK: Thanks for taking the time to speak 
to me. Tell me about the new name, 
pSemi, and what the future holds.

SW: The pleasure is mine. I thrive 
on the exciting time this is for 
pSemi, and it is a privilege being 
its CEO. pSemi was formed to 
provide focus and resources to take 
semiconductors to the next level. Our 
new name is derived from Peregrine 
Semiconductor and reflects its 
proud 30-year RFIC history. Fast-
forward to the present: We are a 
Murata company with the backing 
and integrity of that electronics 
giant. Murata has challenged us to 
broaden our scope, increase our IP 
and grow on a global scale to support 
inventions that are coming in our 
not-so-distant future.

JTK: What sets pSemi apart from other 
semiconductor companies, and what’s 
different now?

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

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

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

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

SW: We are growing, and we are hiring. 
pSemi offers an engineering-driven 
environment with fascinating projects 
for challenging applications like 5G, 

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

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

JTK: How do you plan to build your 
“dream team” of engineers?

SW: Well, we are already making it 
happen. With the right people, we 
will get there even  faster. This  year 
alone, we have acquired businesses 
and hired entire teams. Chip 
designers frequently do not leave a 

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

JTK: Any last words?

SW: Definitely! I do not pretend to 

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

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

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

“We are growing, and we are hiring. pSemi offers an  
engineer-friendly environment with fascinating  

projects…and a work-hard, play-hard philosophy.”
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expect it at all levels. Not far behind 
is integrity. That means we tell the 
truth. You can expect me to tell the 
truth, and I will expect the same. 
The truth has no politics and no 
taboo subjects. If it will make the 
company better, it should be talked 
about candidly. Third is quality and 
customer satisfaction. We strive for 
it in everything we do. Our customers 

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

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

“We are growing, and we are hiring. pSemi offers an  
engineer-friendly environment with fascinating  

projects…and a work-hard, play-hard philosophy.”

pSemi_MicrowaveJournal_SpreadAd.indd   1 1/8/18   4:40 PM

See us at IMS Booth 1349
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.

For reprints please contact the Publisher.



A 20 GHz Low Phase Noise 
Push-Push VCO in InGaP GaAs 
HBT Technology
Jincan Zhang, Bo Liu, Leiming Zhang and Ligong Sun
Henan University of Science and Technology, Luoyang, China

Yuming Zhang, Hongliang Lu and Yimen Zhang
Xidian University, Key Laboratory of Wide Band-Gap Semiconductor Materials and Devices, Xi’an, China

A 20 GHz low phase noise voltage-controlled oscillator (VCO) uses InGaP GaAs heterojunction 
bipolar transistor (HBT) technology. A push-push negative gm VCO configuration taking its 
output signal from a capacitive base common node of the cross-coupled transistors is employed 
to achieve a high oscillation frequency and low phase noise. The VCO oscillates from 19.44 to 
20.04 GHz. Measured phase noise is -111.8 dBc/Hz at 1 MHz offset from a 19.78 GHz carrier. It 
consumes 31 mW from a 5 V supply and occupies an area of 0.514 mm × 0.622 mm. Its figure of 
merit is -182.8 dBc/Hz.

T he increased demand for high 
data-rate wireless communica-
tion is driving the development of 
RFIC to higher frequency bands. 

For high frequency RFICs, InGaP GaAs HBT 
technology is a good candidate. Compared 
with CMOS, InGaP GaAs HBTs have the 
advantages of potentially higher fT, higher 
transconductance and lower 1/f noise. In ad-
dition, InGaP GaAs HBTs have been shown 
to have inherent radiation hardening, mak-
ing them well suited for the applications in 
the space environment.1-2

In transceiver systems, VCOs are key 
components, and most systems require low 
phase noise and jitter, which degrade sys-
tem performance by reducing accuracy and 
increasing errors. At RF frequencies, two 
VCO topologies (cross-coupled3-6 and Col-
pitts7-10) are widely used. From Andreani et 
al.,11 it can be concluded that both topolo-
gies are capable of very good phase noise; 
however, it also has shown that a cross-cou-
pled VCO can achieve lower phase noise 
than a Colpitts.

In order to extend the output frequency 
range, a frequency doubler combined with 
a VCO may be used, but this increases cir-
cuit complexity and power consumption. 
An alternative is the so called push-push 
oscillator,12-13 which extracts the second 
harmonic of the VCO core. In this type of 
oscillator, the desired frequency tuning 
range is twice that of the VCO core and 
there is potentially less power consump-
tion. Depending on the node from which 
the second harmonic is extracted, three ar-
chitectures are found in the literature. The 
extracting node can be the collector com-
mon node,14 base common node13 or the 
emitter common node.15 Compared with 
the collector common node and emitter 
common node, the base common node is 
most efficient at extracting all the available 
second harmonic from the tank.13 In this 
article, we describe a 20 GHz push-push 
negative gm VCO that takes its output sig-
nal from a capacitive base common node of 
the cross-coupled transistors.
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lator circuit, and does not reduce 
the common-mode impedance at 
node EN. It has been reported that 
an additional inductance inserted 
between node EN and the tail cur-
rent source Io can increase the com-
mon-mode impedance and the sig-
nal swing at node EN, but it is at the 
cost of an additional bulky inductor.

Operating Principle
The mechanisms responsible for 

second harmonic generation at the 
VCO core are investigated to un-
derstand circuit operation. A simple  
20 GHz VCO is designed based on 
the circuit schematic of Figure 1 
with a 10 GHz LC tank. The first is 
the nonlinear switching characteris-
tics of the base-emitter junction di-
ode. Although the circuit operates 
nonlinearly, it is helpful to use linear 
circuit analysis when appropriate.

 Figure 2 illustrates the simulated 
waveforms of the base-emitter volt-
age (VBE) and the base input current 
(IB) of Q1. The base current leads 
the base-emitter voltage by 90 de-
grees due to the base input capaci-
tance, and the upper half period of 
VBE is distorted compared with the 
undistorted sinusoidal waveform. 
The distortion is due to the expo-
nential current-voltage relationship 

CIRCUIT DESIGN

Architecture
The circuit schematic of a con-

ventional negative gm differential 
oscillator is shown in Figure 1. The 
cross-coupled transistors (Q1 and 
Q2) generate a negative gm to over-
come tank loss. The capacitive volt-
age divider, composed of C1 and C2 
+ CBE (CBE is the base-emitter junc-
tion capacitor of Q1), is designed to 
attain an approximate loop gain of 
three in order to maximize the tank 
swing and simultaneously optimize 
signal amplitudes at the base nodes 
to feed back from the collectors of 
Q1. It is known that phase noise de-
grades rapidly if the base-voltage 
swing becomes larger than a cer-
tain optimum value since Q1 enters 
deep saturation.16

The common node (CN) of the 
capacitive voltage divider can be 
regarded as a virtual ground for the 
fundamental frequency (ωo) just like 
the emitter common node (EN), but 
that CN could be a very effective 
summing node for the second har-
monics (2ωo) of the fundamental sig-
nals (V+, V-) of the VCO core. Note 
that the CN can be regarded as a 
base common node compared with 
the conventional emitter or collec-
tor common node. The advantage 
of using the CN for output extrac-
tion is that it does not require any 
additional circuitry such as frequen-
cy doubler to create 2ωo, other than 
the conventional negative gm oscil-

 Fig. 1  Negative gm differential VCO.
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These two mech-
anisms, together, 
contribute to sec-
ond harmonic gen-
eration in the base-
voltage waveform. 
When they are 
summed at the ca-
pacitive CN, the 
fundamental com-
ponents at ωo can-
cel out due to their 
180 degree phase 
difference and only 
the second har-
monic components 
add constructively. 
This results in 2ωo 
at the output as 

shown in Figure 5. Moreover, the 
amplitude of the voltage waveform 
at the capacitive CN is not divided 
down by the capacitive divider. By 
contrast, the differential-mode fun-
damental signals V+ and V- are re-
duced by the same capacitive di-
vider. Therefore, the CN node is ca-
pable of extracting all the available 
second harmonic components very 
ef� ciently from the tank.13

MEASUREMENT RESULTS
The technology used in this work 

is the InGaP GaAs HBT process from 
WIN Semiconductors Corporation. 
The process offers four types of NPN 
transistors, Q1H051B1, Q1H101B1, 
Q1H151B1 and Q1H201B1, with 
different emitter lengths (5, 10, 15 
and 20 μm, respectively). Main elec-
trical properties for NPN transistors 
are the collector-emitter breakdown 
voltage BVCEO = 9 V, the maximum 
unity current gain frequency fT = 65 
GHz and the maximum unity power 
gain frequency fmax = 80 GHz. Pas-
sive components, including two 
metal layers, two types of capaci-
tors, resistors, varactor diodes and 
inductances, as well as back side via 
holes are available in the process. 
Passive and active device models 
have been implemented and vali-
dated by simulation with Keysight 
Advanced Design System (ADS) 
software.

Figure 6 shows a micrograph 
with a chip area of 0.514 mm × 
0.622 mm, including all test pads. 
The circuit is measured on wafer. 
An HP4142B voltage and current 
source is used to supply the DC 

of the base-emitter junction diode 
given by

( )= −I I e 1 (1)B S
V /VBE T

where Is is the saturation current and 
VT is the thermal voltage. Figure 3
illustrates conceptually how the up-
per half period of VBE is distorted by 
voltage clipping when the base cur-
rent is a large sinusoidal signal.

The second cause for second 
harmonic generation is the different 
time constants involved in charging 
and discharging the base-emitter 
junctions in the circuit. Again, a 
linear circuit analysis provides an 
intuitive understanding. The time 
constant at the base-emitter nodes 
is given by

( )
τ =

+

+ +

⎡

⎣
⎢

⎤

⎦
⎥R

C C C
C C C

(2)B
1 2 BE

1 2 BE

where RB is the base input resis-
tance. As shown in Figure 4, in re-
gion I, IB is high, i.e., RB is small, so 
that the corresponding τ is small. 
This results in a fast rise time. The 
inverse occurs in region II.

 Fig. 4  Rise and fall times of the base-emitter voltage vs. τ.
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passive elements and wiring of cir-
cuit were modeled with the quasi 
3D electromagnetic simulation of 

0 to 5 V, the VCO operates from  
20.04 to 19.44 GHz. That is, the 
VCO exhibits a tuning range of 3.04 
percent based on a 19.74 GHz cen-
ter frequency. The measured oscilla-
tion frequency (20.04 to 19.44 GHz) 
of the VCO is shifted down slightly 
as compared to the simulated os-
cillation frequency (20.92 to 20.2 
GHz). The difference between the 
simulated and measured results can 
be attributed to the fact that all the 

voltages and the output is connect-
ed through a ground-signal-ground 
probe to the Keysight N9030A 
spectrum analyzer with a phase 
noise measurement utility and a  
50 Ω load. The VCO is biased with 
VDD = 5 V and IDD = 6.2 mA. It con-
sumes 31 mW of DC power.

The oscillation frequency varia-
tion as a function of control volt-
age is plotted in Figure 7. When 
the control voltage is tuned from 

 Fig. 6  VCO IC.

 Fig. 7  Simulated and measured VCO 
frequency vs. tuning voltage.
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momentum electromagnetic (EM) 
simulator in ADS. It is dif� cult to set 
the substrate parameters to be the 
same as those fabricated from the 
list in the library. Figure 8 shows 
the measured signal output power, 
which is above -10 dBm over the 
output frequency range.

Phase noise of the VCO is dif-
� cult to measure, due to spectrum 
jitter caused by noise from supply 
and tuning voltages. In this work, 
the phase noise is roughly mea-
sured using the Keysight N9030A 
phase noise utility. Figure 9 shows 
the measured results. VCO phase 
noise is -111.8 dBc/Hz at 1 MHz 
offset from the 19.78 GHz carrier 
frequency.

Table 1 compares this perfor-
mance with that of previously re-
ported VCOs in K- and Ka-Band. 
The commonly used � gure of merit 
(FOM), which accounts for phase 
noise (PN), oscillation frequency 
(fosc), frequency offset (△f) from fosc, 
and power dissipation (PVCO) as de-
picted in Equation 3,6 is used for the 
comparison.

= −
Δ

⎛
⎝⎜

⎞
⎠⎟

+

⎛
⎝⎜

⎞
⎠⎟

FOM PN 20log
f
f

10log
P
1mW

(3)

osc

VCO

It is evident from Table 1 that, 
the VCO reported in this work has 
an excellent FOM compared with 
the other oscillators processed in 
SiGe BiCMOS or CMOS technology. 
Furthermore, its power consump-
tion is remarkably low, only 31 mW, 
compared with other VCOs real-
ized in the same InGaP GaAs HBT 
technology.17-18

TABLE 1
COMPARISON OF K- AND KA-BAND VCOs

Ref. fosc (GHz) Phase Noise at 1 MHz 
(dBc/Hz)

Tuning Range 
(%)

PVCO 
(mW) Technology Figure of Merit 

(dBc/Hz)

4 23.1 -94 5 2.5 0.18 μm SiGe BiCMOS -177.3

5 20.89 -97.2 10.5 40 0.13 μm SiGe BiCMOS -167.6

6 24.27 -100.3 2.2 7.8 0.18 μm CMOS -179.1

7 21.89 -108.2 N/A 32 0.18 μm CMOS -180

8 25 -103.1 2.4 13.2 0.18 μm CMOS -179.9

9 19 -112 11 200 0.13 μm SiGe BiCMOS -174.6

This Work 19.74 −111.8 3.04 31 1 μm InGaP GaAs HBT -182.8
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CONCLUSION
A K-Band VCO in InGaP GaAs 

HBT technology operates at a 
high oscillation frequency with low  
phase noise. It employs a push-push 
negative gm architecture, which 
takes its output signal from a capac-
itive base CN of the cross-coupled 
transistors. Measurements demon-
strate an oscillation frequency range 
from 19.44 to 20.04 GHz. Phase 
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Accelerating the sub-6 GHz network transition to 5G requires 
breakthroughs that enable higher data throughput, superior 
service quality and increased subscriber coverage. To meet these 
stringent requirements, while delivering a reliable solution at 
commercially viable cost structures, demands true innovation. To 
date, critical challenges remain:

 

 >  Cost structures are not yet viable for mainstream 
deployments

 
 >  Supply chains for key technologies are not robust across 

the industry
 
 >  Quality of service goals are constrained by the 

performance of traditional RF technologies
 
 >  Form factor and associated thermal constraints inhibit 

the move to advanced beam forming architectures

5G visionaries need to balance these demands carefully, 
avoiding compromises in mission-critical performance attributes, 
cost and supply chain security. Today, only MACOM is 
equipped to strike that perfect balance, enabling the next 
generation of 5G wireless deployment.

Only MACOM Can Enable 5G 
Antennas Without Compromise

→
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GaN
By implementing GaN-on-Si technology in mainstream CMOS factories, 
we’re dramatically scaling capacity, cost structure and supply chain 
� exibility—and doing so without sacri� cing critical performance 
parameters such as power density, gain and e�  ciency.  

Our power transistors, MMICs and PAs are tailored for mainstream 
5G basestation deployment. So your antenna and radio designs can 
set new standards for data rate, range and energy e�  ciency. 

Patented GaN-on-Silicon Technology

PRODUCT HIGHLIGHT

MAGM-103436-040A0P 
>  Fully matched 2-stage 

GaN-on-Si MMIC
>  Ideal for 64 TRx M-MIMO 

applications
>  Targeted frequency range

3.4 – 3.8 GHz

>  Better e�  ciency than LDMOS-
>40% at 5 W average power

>  Proprietary wideband circuit 
topology meets stringent 5G 
TDD Linearity

> Cost reducing QFN package

Power E�  ciency

Power Density

Easy Matching

Cost and Capacity

Linearity

LDMOS

—

1–1.5 W/mm

Di�  cult

Silicon

DPD friendly

MACOM GaN-on-Silicon

>10% Improvement

4–6 W/mm

Easy

Silicon

DPD friendly

Bene� ts

Lower Operating Costs, Simpler Cooling

Smaller Footprint and Lower Costs

Time-to-Market and Smaller Footprint

Competitive Cost and Capacity

Competitive Bill of Materials

Our broad array of 5G o� erings spans a range from discrete 
components to fully integrated front-end modules. But the real 
value of our unrivaled RF to light portfolio is in its unique and 
fully integrated core technology di� erentiators. These include:

MACOM’s 5G Technology Advantage
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Switch

PRODUCT HIGHLIGHT

MAMF-011070 
125 W High Power Switch 
>  Integrated DC Boost & Bias 

Controller
>  Lowest insertion loss Tx = 0.3 

dB | Rx = 0.4 dB at 2.7 GHz
>  High input power 125 W at 85°C

>  High isolation Rx = 43 dB at     
2.7 GHz

> 5 V single voltage supply
>  Broadband coverage 

0.7 – 6.0 GHz

MACOM’s leadership position in microwave switches has been 
established for decades. Our switch technologies assure a high level 
of antenna performance by enabling lower insertion loss in front-end 
transmit/receive topologies. 

Delivered as integrated FEM solutions or individual components, 
lower insertion loss fuels extended range and expanded subscriber 
coverage.

Proprietary Switch Technology
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Beamforming
Leveraging MACOM’s pioneering work in phased array antenna 
techniques, coherent beamforming allows each element of a radio to 
operate in concert. This creates highly agile, narrowly-focused beams 
that directly link subscribers to the basestation with ampli� ed reach 
and range. 

Noise, interference and re� ections are eliminated as operators 
detect and track users as they move in and out of the antenna’s 
coverage area.

Coherent Beamforming Technology

MACOM Sub-6 GHz Coherently 
Combined 5G Antenna
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Join the Next 5Generation 
Visit MACOM’s IMS booth #1125 to 
see how we’re shaping the future of 
5G connectivity. You’ll also see our 
latest RF-related advancements that 
prove RF Matters Here, including:

>  GaN-on-Si Technology for Basestations       
and RF Energy Applications

>  The World’s First GaN-on-Si Based 
RF Energy Toolkit

> MACOM’s RF Cross Reference Showcase
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Metamaterial-Based Planar 
Compact MIMO Antenna with 
Low Mutual Coupling
Jie Li, Jia-Bei Zhao, Jia-Jun Liang, Lin-Lin Zhong and Jing-Song Hong
University of Electronic Science and Technology of China, Chengdu, China

A metamaterial structure placed in the space between two symmetrically printed 5.8 GHz MIMO 
antenna elements provides an effective means of limiting the surface waves between them in 
order to reduce mutual coupling. Greater than 24 dB isolation is observed while demonstrating 
good radiation patterns, ef� ciency and gain.

MIMO technology has been 
shown to improve wireless link 
transmission rates and reliabil-
ity.1-2 However, when multiple 

antennas are spaced in close proximity, 
performance is degraded by mutual cou-
pling. Researchers have introduced different 
methods to minimize the mutual coupling 
between antennas. For example, Farahani 
et al.3 and Coulombe et al.4 used  elec-
tromagnetic band-gap (EBG) structures. 
Others have introduced defecting ground 
structures (DGS), or slits, in the antenna 
ground.5-7 Tang et al.8 and Liu et al.9 used 
decoupling structures between two closely 
spaced radiating elements to reduce the 
mutual coupling for UWB applications.

Metamaterials, possessing distinctive 
electromagnetic properties, have attracted 
much interest over the last decade. Meta-
material units are usually repeatedly ar-
ranged with a scale of a sub-wavelength. At 
the macroscopic level, negative values of di-
electric permittivity, magnetic permeability 
or both can be achieved by carefully choos-
ing the shape of the metamaterial units and 
adjusting structural dimensions.10

Recently, metamaterial structures have 
been exploited in the design of MIMO an-
tennas. For example, a waveguide meta-
material was inserted between two mi-
crostrip patches by Yang et al.,2 and the 
mutual coupling between the two antenna 
elements was reduced by about 6 dB from 
3.5 to 3.55 GHz. With a rectangular loop 
resonator, good isolation between two 
monopoles and three monopoles at 2.45 
GHz was achieved by Ketzaki and Yioult-
sis.10 A complementary split ring resonator 
(CSRR) was proposed for antenna minia-
turization in a 2.45 GHz ISM band applica-
tion,11 and a metamaterial spiral resonator 
at 5.5 GHz reduced MIMO system per-
formance degradation caused by strong 
mutual coupling among four patch ele-
ments.12 In this article, a compact MIMO 
antenna uses a rectangular loop resonator 
as the metamaterial unit.
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 Fig. 1  Metamaterial unit cell; 2D view (a), 3D view (b).
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ANTENNA DESIGN
First introduced by Pendry,13 the split ring resona-

tor (SRR) has been utilized in many forms in the de-
sign of MIMO antennas due to its property of negative 
magnetic permeability. We use a split rectangular loop 
structure for this purpose. By altering the geometry and 
dimensions of this particular kind of metamaterial cell, 
it exhibits better controllability of the gap capacitance 
than other resonators.

Rectangular Loop Resonator Design
In Figure 1 a unit cell is etched on a 1.6 mm thick 

FR-4 epoxy substrate with relative permittivity εr =  4.6  
and loss tangent tan δ = 0.019 at 5.8 GHz. Figure  
1a shows a two-dimensional view of the unit cell  
with dimensions: a = 4.2 mm, b = 2.4 mm, c = 1.7 mm,  

 Fig. 2  Metamaterial permeability, real and imaginary parts. 

25

20

15

10

5

0

–5

–10

Pe
rm

ea
b

ili
ty

 (μ
)

4.6 5.0 5.4 5.8 6.2 6.6 7.0
Frequency (GHz)

Re (µ)
Im (µ)
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The effective magnetic permeability 
is determined using the parameter 
retrieval technique.10,14 As shown in 
Figure 2, the real part of the perme-
ability at 5.8 GHz is negative.

Metamaterial-Based MIMO Antenna
The microstrip array antenna (see 

Figure 3) consists of a ground plane 
with two open L-shaped slots (bot-
tom view) and two U-shaped patch 
elements (top view) on an FR-4 sub-

d = 1 mm, e = 4.8 mm, f = 3 mm and 
s = 0.2 mm. Figure 1b shows unit cell 
dimensions of 3 × 4.8 × 1.6 mm3 on 
an xyz axis. An incident plane elec-
tromagnetic wave propagates in the 
x direction towards the unit cell with 
the magnetic field of the wave ori-
ented along the z-axis and the elec-
tric field oriented along the y-axis. 
The boundary walls along the y-axis 
(at the xz-oriented sides) are consid-
ered perfect electrical conductors. 

TechnicalFeature

 Fig. 4  Reflection coefficient for 
various lengths of c.
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TABLE 1
OPTIMIZED ANTENNA PARAMETERS

Parameter Values (mm) Parameter Values (mm) 

L 40 W3 0.8

L1 1 W4 0.6

L2 9 W5 2.4

L3 11 Lf 11.3

L4 5.5 Lg1 5.5

L5 6.7 Lg2 9.5

W 25 Wf 1.6

W1 2.3 Wg1 19.8

W22 1 Wg2 14.8 strate. Four rows of split rectangular 
loop resonators are used to minimize 
mutual coupling between the two ra-
diating elements. Each row contains 
three elements. The single SRR struc-
ture of Figure 1 is sufficient to pro-
vide a perfect inductance, but is still 
small enough to satisfy the condition 
of having subwavelength dimen-
sions. Table 1 lists the dimensions of 
the MIMO antenna in Figure 3.

EXPERIMENTAL RESULTS
The antenna is modeled in HFSS. 

SRR dimensions are fixed values ex-
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out the SRRs. With the SRRs placed 
between the two antenna elements, 
isolation is increased to 27.5 (simu-
lated) and 24.6 dB (measured); i.e., 
coupling is reduced by approxi-
mately 12.2 and 9.3 dB, respec-
tively. The small frequency shift be-
tween measured and simulated re-
sults in Figures 5 and 6 is attributed 
to manufacturing tolerances.

In Figure 7, measured and sim-
ulated radiation patterns of the 
MIMO antenna in the x-z (H) and y-z 

antenna resonates at 5.8 GHz with 
a re� ection coef� cient of -32.7 dB 
in the simulation and at 5.82 GHz 
with a re� ection coef� cient of 
-26.2 dB in the measurement. The 
antenna has an impedance band-
width of approximately 1040 MHz 
(4.93 to 5.97 GHz) at 10 dB 
return loss.  

In Figure 6, simulated and mea-
sured isolation of the two-element 
MIMO antenna are shown. At 
5.8 GHz, isolation is 15.3 dB with-

cept for the gap capacitance, which 
is controlled by the length of c. 
Figure 4 shows the re� ection coef-
� cient for various lengths of c from 
1.6 to 1.75 mm. The resonant fre-
quency changes, correspondingly. 
When c = 1.7 mm, resonance occurs 
at 5.8 GHz.

Characteristics of the antenna 
(see Figure 5) are measured in an 
anechoic chamber and compared 
with simulation, demonstrating 
good agreement. The fabricated 

 Fig. 5  Measured and simulated 
re� ection coef� cient vs. frequency.
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ficiency (see Figure 9) is 71 percent 
at 5.8 GHz.

CONCLUSION
A small sized (25 × 40 × 1.6 mm3) 

printed microstrip-fed slot antenna 
has been designed and demon-
strated. Within a small available 
space (0.166λ) between the MIMO 
radiating elements, a metamaterial-
based negative permeability struc-
ture is placed as a means to reduce 

(E) planes at 5.8 GHz are compared 
when one port is excited the other 
port is terminated with a 50 Ohm 
load. The results show that the an-
tenna radiates with a quasi-omni-di-
rectional characteristic. Again, mea-
sured results agree well with simu-
lation. The measured peak gains of 
the antenna are shown in Figure 8. 
The gains are about 1.9 to 3.7 dBi in 
the 5 to 6.5 GHz band and 2.14 dBi 
at 5.8 GHz. Measured radiation ef-

 Fig. 7  Measured and simulated 
radiation patterns at 5.8 GHz; x-z plane 
(a), y-z plane (b).
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 Fig. 8  Measured antenna gain.
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mutual coupling. With this tech-
nique, mutual coupling is reduced 
by 9 dB at the operating frequency. 
It compares favorably with other 
decoupling techniques in providing 
an effective approach for control-
ling propagation between closely 
spaced microstrip patches. In addi-
tion, full planarity of the MIMO an-
tenna is preserved, while employing 
a simple and straightforward fabri-
cation process.■
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Precise Frequency Sources 
Meeting the 5G Holdover Time 
Interval Error Requirement
A. Kotyukov, Y. Ivanov and A. Nikonov
Morion Inc., Russia

Synchronization is an essential prerequisite for all mobile networks to operate. It is fundamental 
to data integrity; without it, data will suffer errors and networks can suffer outages. Radio base 
stations rely on having access to reliable and accurate reference timing signals in order to 
generate radio signals and maintain frame alignment. Effective synchronization also permits 
hitless handover of subscriber connections between adjacent radio base stations. The 
measurement of time interval error (TIE) is a method for evaluating reference timing signals. This 
article describes the process.

Historically, frequency synchroniza-
tion has been provided either by a 
Global Navigation Satellite System 
(GNSS) or derived from the trans-

port network to which the network device re-
quiring synchronization was connected. Public 
GNSS provides an accurate and stable syn-
chronization source, but the financial cost to 
equip every site in a network with a GNSS-de-
rived synchronization source may be prohibi-
tive because of the requirement to install and 
manage additional equipment. Cost concerns 
for GNSS synchronization are more prevalent 
for small cell sites where the number of sites is 
increased compared with macro sites.

Telecommunication networks rely on the 
use of highly accurate primary reference 

clocks which are distributed network-wide 
using synchronization links and synchroniza-
tion supply units. Primary reference clocks 
(PRC) or primary master clocks must meet 
the international standards requirement for 
long term frequency accuracy. To achieve 
this performance, atomic clocks or GPS dis-
ciplined oscillators are normally used.

Synchronization supply units (SSU) are 
used to ensure reliable synchronization distri-
bution. They have a number of key functions:
•	 Filter the synchronization signal they re-

ceive to remove the higher frequency 
phase noise.

•	 Provide distribution with a scalable num-
ber of outputs to synchronize other local 
equipment.

•	 Provide a capability to carry on produc-
ing a high quality output even when their 
input reference is lost. This is referred to 
as holdover mode.

5G REQUIREMENTS
5G backhaul networks have higher require-

ments for frequency and time synchronization 
when compared to all previous generations. 
As mobile networks eventually migrate from 
LTE Advanced (LTE-A) to 5G, there are three 
fundamental changes that will have the most 
significant upstream impact:
•	 10- to 15-fold increase in capacity (from 

LTE/LTE-A capacity of ~100 Mbps to ~10 
Gbps in 5G).

ApplicationNote

 Fig. 1  TIE estimation algorithm.
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PMI Model No.
FREQ 
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(GHz)

Input 
Power 
Range 
(dBm)
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Output 
Type

Response 
Time

Connector 
Type

Size  
(Inches)

CDT-2M18-30-BB-DE-D
http://www.pmi-rf.com/Products/detectors/
CDT-2M18-30-BB-DE-D-1.htm

0.002 - 18 -30 to 0 TTL 5 ms SMA 2.5 x 2.9 x 0.5

TD-50M4G-CD-SFF
http://www.pmi-rf.com/Products/detectors/
TD-50M4G-CD-SFF.htm

0.05 - 4 -20 to 0 TTL 20 ns SMA 0.85 x 0.625 x 0.2

TD-1G12G-RL-CD-SFF-NH
http://www.pmi-rf.com/products/detectors/
TD-1G12G-RL-CD-SFF-NH.htm

1.0 - 12 -30 to +10 TTL 10 ns SMA 1.1 x 0.6 x 0.19

TD-30T-0418-MH
http://www.pmi-rf.com/Products/detectors/
TD-30T-0418-MH-1.htm

0.4 - 18 -18 to +5 TTL 100 ns GPO 0.8 x 0.62 x 0.4

TD-30T-0518-MH-SMA
http://www.pmi-rf.com/Products/detectors/
TD-30T-0518-MH-1.htm

0.5 - 18 -18 to +5 TTL 100 ns SMA 0.8 x 0.62 x 0.4

TD-30T-SHS-218-0218 
http://www.pmi-rf.com/Products/detectors/
TD-30T-SHS-218-0218-1.htm
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TD-30T-218-FC-HS
http://www.pmi-rf.com/Products/detectors/
TD-30T-218-FC-HS1.htm

2 - 18 -20 to +5 TTL 100 ns SMA 0.8 x 0.62 x 0.4

TD-16G40G-20-292F
http://www.pmi-rf.com/Products/detectors/
TD-20-16G40G-20-292FF.htm

16 - 40 -20 to 0 TTL 100 ns 2.92mm 1.0 x 0.62 x 0.22

CDT-2M18-30-BB-DE-D

TD-50M4G-CD-SFF TD-1G12G-RL-CD-SFF-NH TD-30T-0418-MH 
TD-30T-0518-MH-SMA 
TD-30T-SHS-218-0218 
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PMI Model No.
FREQ 
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(dBm)
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Output 
Type
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Connector 
Type

Size  
(Inches)

GMTA-1002
http://www.pmi-rf.com/Products/detectors/
GMTA-1002.htm

2 - 18 -23 TTL 100 ms SMA 1.0 x 0.65 x 0.3

GMTA-1005
http://www.pmi-rf.com/Products/detectors/
GMTA-1005.htm

8 - 18 -42 TTL 100 ms SMA 1.15 x 1.1 x 0.37

TD-30T-SHS-218-12G18G-PECL
http://www.pmi-rf.com/products/detectors/
TD-30T-SHS-218-12G18G-PECL.htm

12 - 18 +10 LVPECL 15 ns SMA 2.2 x 1.5 x 0.4

TD-30T-0418-MH 
-0518-MH-SMA 
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same or different frequency 
bands, to increase mobile 
data throughput.

–– Coordinated multi-point tech-
nologies.

–– 5G frame structure.
•	 New network architecture

–– Back-haul and front-haul.
Carrier aggregation technologies 

require the time error between the 
base stations to be less than 260 ns. 
The 5G new frame structure under 
study may require as high as ±390 
ns accuracy for the air interface to 
avoid interference. The 5G network 
will combine centralized radio ac-
cess networks (C-RAN) and distrib-
uted radio access networks (D-RAN). 
The time synchronization should be 
achieved in both the back-haul and 
front-haul transport network.1

Time interval error (TIE) is the 
metric to specify clock accuracy/sta-
bility requirements in telecommuni-
cation standards. Of specific inter-
est is the TIE of a network clock in 
holdover mode (not locked) for mo-
bile networks. The key requirement 
for 5G communication networks is 
a TIE of 100 to 400 ns in holdover 
mode for 4 to 24 hours.2

Frequency stability versus tem-
perature and long-term stability (ag-
ing) are the key parameters of preci-
sion frequency sources that have the 
greatest influence on TIE in holdover 
mode.  This article covers measure-
ments and some results obtained for 
precision frequency sources ensuring 
a TIE of 100 to 400 ns for 4 to 24 
hours.

TIE MEASUREMENT 
PROCEDURE

TIE measurements are done for  
3 to 7 days with periodic temperature 
changes. A measurement duration of 
3 to 7 days is necessary to count and 
compensate for frequency drift due to 
aging. In general, it may be possible 
to compensate for aging in holdover 
mode in case there is a long term re-
cord of frequency output of a precise 
frequency source obtained while syn-
chronized to an external reference. It 
is possible to create learning systems 
capable of aging compensation bas-
ing on data from the last 2 to 3 days 
of operation.   

TIE estimation, which takes into 
account compensation for aging, is 
carried out as follows (see Figure 1): 

•	 New services
–– High accuracy positioning ser-
vice; high accuracy location 
capability of less than 3 m on 
80 percent of occasions in traf-
fic roads and tunnels, under-
ground car parks and indoor 
environments.

•	 New technologies
–– Carrier aggregation; car-
rier aggregation enables the 
use of multiple carriers in the 

•	 Ultra-low latency of ~1 ms (round 
trip).

•	 Ultra-dense nature of the net-
work setting unprecedented re-
quirements for the synchroniza-
tion of the cell sites as small and 
overlapping cell sites proliferate.
For 5G, higher accuracy time 

synchronization requirements are 
increased due to new services, tech-
nologies and the network architec-
ture:

See us at IMS Booth 1812
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ApplicationNote
A TIE of 100 to 400 ns in hold-

over mode for telecom and mobile 
networks is used primarily for grand 
masters, which are installed in en-
vironmentally conditioned rooms. 
This means that the temperature 
change during the day usually does 
not exceed 5 Centigrade degrees.

Different temperature profiles can 
be used for TIE estimation. Two are 

mal for the aging approximation.
•	 TIE estimation. Readings situ-

ated inside of the TIE estimate 
range are used for determining 
the subject time error. The time 
error in this range is determined 
by the difference between the 
frequency readings and the ag-
ing approximation:

∫ ( ) ( )= − ϕ⎡⎣ ⎤⎦TIE f t t dt (1)

The TIE estimate range is 4 to 24 
hours. 

•	 Choose the beginning of TIE esti-
mation (start of the “sliding” time 
window). The sliding time win-
dow, moving with some step (1 
to 4 hours), is applied to the data. 
This window consists of two parts: 
Fit range and TIE estimate range.

•	 Approximate aging. The fre-
quency aging approximation φ(t) 
is built basing on readings situ-
ated inside the fit range. The fit 
range lasts 24 hours. According 
to our research, this is most opti-

 Fig. 2  Temperature profiles for 
TIE estimation: symmetrical (a) and 
asymmetrical (b).
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 Fig. 3  24-hour TIE for a DOCXO: temp- 
erature profile during the test (a), measured 
frequency (b) and estimated TIE (c).
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•	 Solderable	or	wire	bondable	

terminations

State of the Art, Inc.
RESiSTiVE	PRoduCTS

Made	in	the	uSA.
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Variable Attenuators
                Temperature                 Temperature 
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• Data inside the TIE estimation 
range is used for determining the 
time error, TIEA, per Equation 1.

• The calculated TIEA value is 
shown in Figure 3c.

• The sliding time window is 
stepped  by 1 hour and all calcu-
lations are repeated.

• The procedure continues while 
the TIE estimation range is within 
the measurement length.

TIE MEASUREMENTS
Even negligible frequency chang-

es in� uence TIE estimation results. 
Sources of errors should be taken 
into account in order to obtain re-
liable values of TIE. These include 
mutual synchronization of the fre-
quency of individual oscillators and 
frequency measurement instability.

Mutual Synchronization
Mutual synchronization of oscil-

because it models the worst case 
operation of a precise frequency 
source. An example of TIE estima-
tion for a double oven controlled 
crystal oscillator (DOCXO) using the 
measurement procedure described 
above is shown in Figure 3. TIE es-
timation results are obtained as out-
lined below:
• The initial “sliding” window posi-

tion (A) for the calculated approxi-
mation line is based on frequency 
counts situated in the � t range.

presented in Figure 2. It should be 
mentioned that the pro� le of Figure 
2a is symmetrical with respect to the 
average temperature change. Thus, 
the time error accumulated over 24 
hours along this pro� le should be 
equal to 0 (under ideal conditions). 
The pro� le shown in Figure 2b does 
not have symmetry, so even under 
ideal conditions there is a net time 
error accumulated over 24 hours.

For TIE estimation we use the 
temperature pro� le from Figure 2b 

 Fig. 4  Frequency and TIE estimation 
for a rubidium oscillator before (a) and 
after (b) measures to prevent mutual 
syntonization of frequency.
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and through reverse signal trans-
mission through the open channels 
of the switcher. As an example, Fig-
ure 4 shows the results of rubidium 
oscillator TIE measurements before 
and after the implementation of the 
above measures.

Frequency Measurement Instability
For precision frequency sources 

to meet the TIE 100 to 400 ns re-
quirement, it is extremely important 
to have aging curve monotonicity 

lators at close frequencies is one 
of the most important sources of 
errors for frequency measurement. 
This effect may be easily seen in 
volume production when, simulta-
neously, a large number of oscilla-
tors are measured. To prevent this 
effect, it is necessary to minimize 
all possible ways oscillators can in-
fluence on each other, e.g., on the 
common grounds of power circuits 
and circuits of frequency switchers, 
through electromagnetic coupling 

 Fig. 5  Aging curve meeting the 
100…400 ns TIE requirement (a) vs. 
“standard” aging curve (b).
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 Fig. 6  Frequency and TIE for quartz 
oscillator without (a) and with (b) “short-
term” frequency changes.
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of about 1 to 2E-11/day. In other 
words, there should be no jumps 
or any other irregular frequency 
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   Powerful  Payload &
    RF Link Emulator

 Real time control for Arial Vehicle (UAV) testing
 Link emulation: Delay, Doppler, AWGN, Phase shift 

dBmCorp, Inc
32A  Spruce Street      Oakland,  NJ 07436 
Tel (201) 677-0008       Fax (201) 677-9444

 Payload: MUX, Compression, Phase noise, Group delay 

RF Test Equipment for Wireless Communications

www.dbmcorp.comemail: info@dbmcorp.com

 Multipath: 12 paths per channel 

600 MHz

bandwidth

 Up to sixteen synchronous channels with correlation 

taken into account. Examples of TIE 
measurements over 4, 8, 16 and 24 
hours are shown in Figure 7.■
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measurements we found that some 
precision rubidium oscillators, regard-
less of the manufacturer, dramatically 
changed frequency in increments 
ranging from 5E-12 to 5E-11. Know-
ing this, we now use a hydrogen fre-
quency standard for 100 to 400 ns TIE 
measurements. A TIE measurement 
for a quartz oscillator with and with-
out “short-term” frequency changes 
is shown in Figure 6.

TIE measurements will be reli-
able if all factors listed above are 

changes. Figure 5 compares aging 
that meets the TIE 100 to 400 ns re-
quirement with one that does not. 
The reasons for “short-term” fre-
quency changes may be explained 
by either contact phenomena, sta-
bility of the reference source or er-
rors caused by internal issues in the 
precision frequency source.

To separate internal issues from 
the other phenomena, good quality 
connectors and precision reference 
sources should be used. During initial 

 Fig. 7  TIE measurements at 24, 16, 8 
and 4 hours.
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RF GaN on Si Meets 
CMOS Manufacturing
Tim Boles
MACOM, Lowell, Mass.

Ferdinando Iucolano
STMicroelectronics, Catania, Italy

Since its inception, GaN has shown the potential to transform the RF technology 
landscape, promising major disruptions across multiple markets. Carefully nurtured 
from fledgling technology to widescale deployment, GaN’s inherent performance 
advantages over legacy technologies gained early traction for military applications, 

where performance far outweighs cost considerations.
GaN’s pathway to mainstream RF commercialization hinges on its ability to support the 

volume and cost requirements of end applications, including 4G and 5G base stations and 
emerging RF energy applications—cooking, lighting, industrial heating and drying, medical, 
pharmaceutical and automotive ignition systems. Cost sensitivities are compounded by the 
growing need for more integrated components, e.g., MMICs, particularly for dense architec-

tures like massive MIMO antenna systems for 5G base stations. 
Integrated packaging introduces additional cost that must be off-
set by lower semiconductor manufacturing costs.

The sheer volume of GaN production required by price-sensi-
tive commercial RF applications and the demands these markets 
place on the semiconductor supply chain eliminate GaN on SiC as 
a viable contender, given SiC’s extremely slow ingot growth rate 
and the present inability to scale GaN on SiC wafer production 
beyond 6 in. wafer diameter. This leaves GaN on Si technology 
as the only viable way forward for the commercial development 
of GaN. However, to meet the volume, cost and surge capacity 
requirements for mainstream RF commercial markets, GaN on Si 
production must be ported from III-V compound semiconductor 
foundries to mainstream CMOS manufacturing lines.

PROCESS DISCIPLINE
In addition to supporting higher production volumes 

and wafer diameters up to 12 in. on a fully automated 
platform, CMOS fabs offer the opportunity to exploit 
strict process controls to achieve more repeatable 
performance and extremely high line yield, which will 
drive additional cost reduction. The equipment used in 
CMOS fabs is more automated and advanced, and the 
existing silicon manufacturing infrastructure offers op-
portunities to spread overhead costs for volume micro-
wave GaN on Si production, further reducing the overall 
cost structure.

To make the jump from III-V to CMOS-based GaN on 
Si fabrication, considerable effort is required to conform 
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Perspective

with no ability to rework process 
steps. This approach to wafer fabri-
cation contrasts sharply with typical 
III-V manufacturing, where in-line 
wafer scanning electron microscopy 
is routinely used to adjust fine-line 
photolithography parameters in an 
attempt to “inspect in” quality. With 
CMOS, process disciplines must be 
airtight from the beginning, or yield 
and cycle time will suffer.

MAJOR CHALLENGES
Semiconductor surface passiv-

ation is a key consideration when 
transitioning GaN on Si from III-V 
to CMOS fabrication, given the 
different surface chemistries each 
process platform uses. Fortunately, 
because the properties of GaN on 
Si HEMT technology are, in many 
respects, more closely related to 
silicon than GaAs, industry standard 
silicon cleans and surface treat-
ments can be used, with more ag-
gressive mixtures of mineral acid/
peroxide or hydroxyl/peroxide solu-
tions to prepare the surface for sub-
sequent process steps.

CMOS-based GaN on Si fab-
rication also takes advantage of 
advanced atomic layer deposition 
(ALD) and atomic layer etching 
(ALE) technologies that are not typi-
cally found in III-V fabs. Commercial 
ALD/ALE systems are capable of 
depositing high density films with 
excellent material quality and ex-
ceptional uniformity, thickness con-
trol and reproducibility, forestalling 
the possibility of surface damage 
by avoiding the use of plasma en-
hancement during the deposition. 
Films as thin as 50 Å and up to  
1.0 μm thickness are routinely ap-
plied to silicon with a host of metal 
oxides and nitrides.

The hardest challenge porting 
GaN on Si to a CMOS fab is the 
use of gold for device metallization. 
Gold has been universally used for 
all GaN production in III-V fabs be-
cause of its low electrical bulk resis-
tivity and excellent electromigration 
properties. In CMOS fabs, gold is 
never used in front-end processes 
because it causes electron recom-
bination traps that destroy the fun-
damental electron mobility in the 
device structure. This means that all 
metallization used in GaN on Si high 

the workflow outside of these highly 
defined modules.

The rigidity of this approach ful-
fills an expectation that all processes 
will work in production the first time 
and every time—a core philosophy 
for high volume fabrication. These 
stringent process controls are de-
signed to produce robust processes 
that will meet the required fine-line 
photolithography processes com-
monly employed in CMOS fabs, 

to standard CMOS process nodes—
which produce thousands of wafers 
in a single week. The respective 
process modules employed in III-
V and CMOS wafer fabrication are 
significantly different. While III-V 
allows for a degree of flexibility in 
the workflow, CMOS production 
flows require strict adherence to 
distinct and individually optimized 
modules. There is simply no allow-
ance for individual adjustment to 
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Perspective

cant wafer bow—up to several milli-
meters—creates a high risk of wafer 
breakage, leading to yield loss and 
higher cost. In contrast, wafers pro-
duced in CMOS fabs can produce 
wafers in the 50 to 60 μm range, in 
which the mounting and dismount-
ing is fully automated. Strict pro-
cess controls were developed for 
the CMOS fab to ensure that ultra-
thin GaN on Si wafers do not suf-
fer from “potato chip” curling and 
wafer breakage. It is now possible 
to produce GaN on Si wafers that 
measure 2 μm in � atness across the 
6 in. wafer, by leveraging the CMOS 
fab processes, and new techniques 
were developed to allow source vias 
to be formed from the backside of 
the GaN on Si wafer in a manner 
consistent with III-V performance re-
quirements.

PERFORMANCE AND 
RELIABILITY

MACOM and STMicroelectron-
ics’ (ST) joint development effort to 
port the GaN on Si process yielded 
CMOS-manufactured, high frequen-
cy GaN on Si devices that exhibit 
equivalent performance to GaN on 
Si devices produced in III-V fabs (see 
Figure 1). RF load-pull of 600 μm 
test structures at 2.5 GHz achieve es-
sentially identical output power, high 
frequency gain and power-added ef-
� ciency, comparing ST wafer fabrica-
tion facilities with a III-V fab.

In terms of reliability, RF GaN on 
Si devices produced in the CMOS 
fab meet the fabs’ reliability stan-
dards and, in some cases, outper-
form the reliability achieved with 
legacy semiconductor technolo-
gies—with a path to meet more 
demanding reliability requirements. 
Quali� cation testing of GaN on Si 

sible using non-gold ohmic con-
tacts, nickel aluminum gate metal-
lization and interconnects formed 
from either aluminum or copper.

Wafer thickness is another critical 
consideration when porting GaN on 
Si production to a CMOS fab. Wa-
fers produced in III-V fabs for high 
frequency devices must be as thin 
as 50 μm, for thermal and electri-
cal performance, and are manually 
mounted and dismounted. Signi� -

frequency devices to form the gate 
—the heart of the device—must be 
changed to different metals, which 
impacts the chemicals employed in 
the process, with signi� cant implica-
tions for surface characteristics and 
overall device performance. Inten-
sive R&D in this area yielded new 
metallization solutions to overcome 
this challenge and make it viable for 
GaN on Si to be produced in CMOS 
fabs without using gold. This is pos-

 Fig. 1  Load-pull measurements at 2.5 
GHz, comparing 600 µm test structures 
fabricated on STMicroelectronics’ 6 in. 
silicon fab and MACOM’s 4 in. III-V fab.
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manufacture microwave GaN on Si 
devices in a CMOS fab opens the 
door to a new world of possibilities, 
including the homogenous integra-
tion of GaN and CMOS-based high 
frequency devices on a single chip. 
These multi-function RF devices will 
combine GaN’s power and high fre-
quency bene� ts with digital control. 
The R&D to enable this is already 
underway. High-power digital-to-
analog converters, microprocessors 
and on-wafer wireless transmitters 
are among the many candidates for 
single-chip integration.

With the successful porting of 
RF GaN on Si production to CMOS 
fabs, GaN on Si technology is 
uniquely positioned to meet the 
performance, cost structure, manu-
facturing capacity and supply chain 
� exibility requirements of 4G and 
5G wireless base station infrastruc-
ture, expanding to address solid-
state RF energy applications. While 
the process challenges that were 
overcome to achieve this goal were 
myriad and signi� cant, with a small 
margin for error, the advantages 
far outweighed the limitations and 
have enabled a new era in RF tech-
nology to begin.■

population of microwave GaN on Si 
devices subjected to HAST, and Fig-
ure 3 shows minimal change in RF 
power for 231 devices after HTOL 
testing.

OPPORTUNITY AWAITS
MACOM and STMicroelectronics 

collaborated for well over a year to 
port high frequency GaN on Si pro-
duction to ST’s CMOS wafer fabs, 
with sample production planned 
to begin in 2018. The ability to 

has been successfully accomplished 
across a wide range of tests, includ-
ing highly accelerated stress tests 
(HAST), high temperature operat-
ing life (HTOL), high temperature 
reverse bias (HTRB), accelerated life 
testing (ALT) and routine testing for 
electrostatic discharge (ESD), inter-
mittent operating life (IOL), temper-
ature cycling, mechanical shock and 
vibration and destructive physical 
analysis (DPA). Figure 2 shows the 
stability of RF output power for a 

 Fig. 2  Change in peak output 
power following HAST on a sample of 
25 GaN on Si devices fabricated by 
STMicroelectronics’ 6 in. silicon fab.
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 Fig. 3  Peak output power before and 
after HTOL testing for 231 GaN on Si 
devices fabricated by STMicroelectronics’ 
6 in. silicon fab.
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BREAK THROUGH 
THE BARRIERS 
OF PHASED 
ARRAY DESIGN

COLLABORATE WITH 
ADI TO OPTIMIZE YOUR 

PHASED ARRAY DESIGN.
Speed-to-market, size and ease of 

integration are more critical than 
ever. ADI gives you everything you 

need to simplify architecture and 
accelerate design. Having access to 

the industry’s broadest portfolio 
enables you to optimize at both the 

semiconductor and integrated 
subsystem levels—and effi  ciently 

drive phased array innovation.

ENABLE YOUR DESIGNS WITH THE INDUSTRY’S
LEADING ANTENNA-TO-BITS SUPPLIER
analog.com/PHASEDARRAY#ADIahead
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Advanced GaAs 
Integration  
for Single Chip 
mmWave  
Front-Ends
David Danzillio
WIN Semiconductors, Taoyuan City, Taiwan 

The next generation mobile network, 5G, is envisioned as a flexible, 
efficient and resourceful platform offering advanced capabilities 
that will form the core of future use cases and new businesses op-
portunities. While these future applications are impossible to pre-

dict, they will depend on connectivity to a new radio access network that 
provides higher bandwidth, ultra-high reliability and low latency. Today, only 
a few 5G services have been identified; the most promising are fixed wire-
less access (FWA) and enhanced mobile broadband (eMBB) services.
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 Fig. 1  Simplified block diagram of mmWave phased array using hybrid beamforming.
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Circuit materials for 
the next generation of 
wireless communications
The next generation of 
wireless communications 
is the Fifth Generation (5G). 

5G will have much faster data rates, much higher capacity, 
much lower latency and much higher connection density. 
It will enable many new use cases, such as 4K/8K video, 
AR/VR, industry robots, remote diagnostic, autonomous 
driving cars, and billions of IoT connections across 
various vertical industries. 5G will far outperform current 
4G LTE-A networks, but the transition to 5G will require 
more advanced RF components to operate across low, 
mid and high frequencies. These RF components start 
with high-performance circuit materials from Rogers 
Corporation.

For circuits from 600 MHz up to mmWave
Rogers has you covered with circuit materials for 
next-generation 5G components, including massive 
MIMO antennas and GaN-based high-power-density 
amplifiers. Wireless network circuit designers have 
trusted in Rogers’ high-performance circuit materials 
for nearly 30 years, since the earliest 1G analog 
systems to present-day 4G LTE-A systems.

Rogers Materials for Circuits from 600 MHz up to mmWave

 Notes: Dk and Df are both measured at 10 GHz. 

Material Dk Df Features

AMPLIFIERS /MICROWAVE RADIOS

RO4350B™ 3.48 0.0037 Processes Like FR-4. Integrated 
Thin-film Resistors

RO4835™ LoPro® 3.48 0.0037 High Oxidation Resistance

RO4360G2™ 6.15 0.0038 Enables Circuit Size Reduction

RO3003™ 3.00 0.0010 Lowest Loss

CLTE-MW™ 3.05 0.0015 Low Loss, Thin

TC350™ 3.50 0.0020 High Thermal Conductivity 
For High Power Handling

ANTENNAS

AD255C™ 2.55 0.0014 Low PIM, Cost Effective Solution

AD300C™ 2.97 0.0020 Low PIM, Cost Effective Solution

RO4730G3™ 3.00 0.0029 Low PIM 

RO4533™ 3.30 0.0025 High Thermal Conductivity
For High Power Handling USA - AZ, tel. +1 480-961-1382

EUROPE - BELGIUM, tel. +32 9 235 3611
www.rogerscorp.com/acs

We've got you covered for 5G!
— from 600 MHz up to mmWave
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www.piconics.com
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-High L & Q

-Small Package Size

-High Reliability

-SMT & Thru Mount

Mil-Spec Inductors

-Gold & Copper Wires

-24 to 52 AWG.

-Diameter to .006 in.

-Precision Stripping

Air Coils

-Broad Bandwidth

-65+ GHz Performance

-Resonance Free

-Low Insertion Loss

Broadband Conicals

65+ GHz

Inductors
High Frequency

High Quality

choice depends on the power con-
sumption, cost and performance re-
quirements for the access point. Hy-
brid beamforming is emerging as the 
favored architecture for mmWave ac-
tive antennas, as it enables using the 
optimum semiconductor technolo-
gies across the system. A simplified 
block diagram of such a system2 is 
shown in Figure 1, which also shows 
the preferred semiconductor tech-
nologies for the functional blocks.

An important trade-off is be-
tween array size (the number of an-
tennas) and total array power con-
sumption. This trade-off is driven by 
the transmit power of each antenna 
element, determined by the semi-
conductor technology employed 
for the front-end power amplifier 
(PA). An excellent illustration of this 
is shown in Figure 2, which repre-

To meet the multiuser demands of 
FWA and eMBB, network operators 
are planning to deploy microcell/pi-
cocell access points that use active 
antenna arrays and beamforming 
to precisely control high bandwidth 
connections. These active array so-
lutions rely on multiple RF transmit/
receive (Tx/Rx) chains to form and 
scan the beams, with the spacing 
between each antenna one-half 
the wavelength (λ/2). With increas-
ing transmit frequency, the spacing 
between antennas becomes quite 
small; e.g., for a 28 GHz antenna 
array, the spacing is 5 mm. The lim-
ited area for component placement 
and the Tx/Rx performance require-
ments for mmWave antenna arrays 
creates an entirely new set of chal-
lenges for the semiconductor tech-
nology used in the front-ends.

HYBRID BEAMFORMING
The literature contains numerous 

studies evaluating digital, analog 
and hybrid beamforming architec-
tures, offering multiple perspec-
tives.1-3 Ultimately, the architecture 

 Fig. 2  Phased array trade-offs: PA 
output power (a) and array DC power 
consumption (b) vs. number of antenna 
elements to achieve 60 dBm EIRP, with 
overlay of semiconductor technology 
capabilities.
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 Fig. 3  PIH1-10 GaAs process 
performance: MAG of 2 x 50 µm PHEMT 
unit cell with VD = 4 V and VG at 100 
mA/mm ID (a); 2 x 75 µm unit cell gain, 
output power and PAE vs. input power 
at 29 GHz, with VD = 4, 5 and 6 V (b); 4 
x 25 µm PHEMT noise figure vs. frequency 
with VD = 2 V and VG at 100 mA/mm ID (c).
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an array of several hundred antenna 
elements and quickly realize the 
cost, size and assembly challenges 
that result from a suboptimal choice 
of front-end semiconductor tech-
nology. 

This analysis of the effect of front-
end semiconductor technology on 
the total power consumption of the 
array shows that a GaAs PA will result 
in the minimum power consump-
tion. The cited literature contains 
additional studies of active array 
antenna systems and reaches simi-
lar conclusions that GaAs represents 
the optimum technology choice for 
mmWave front-ends. These refer-
ences acknowledge GaAs can pro-
vide the optimum range of PA per-
formance but claim GaAs cannot fit 
within the λ/2 antenna spacing of 
the antenna elements (e.g., 5 mm at 
28 GHz). Historically, multifunction 
integration has been a weakness 
for GaAs technology, particularly for 
short gate length processes used at 
mmWave. 

INTEGRATED GaAs
Owing to its dominant share of 

cellular and Wi-Fi RF front-ends 
used in mobile devices, GaAs man-
ufacturing continues to advance 
and now offers best-in-class perfor-
mance and the integration required 
for mmWave active antenna sys-
tems.

Long ago, the mmWave perfor-
mance of GaAs PHEMT devices 
exceeded the optimum power 
levels needed for FWA active an-
tenna arrays; however, a more ad-
vanced platform was required to 
satisfy the spacing requirements. 
To meet the size requirements of 
mmWave active antenna arrays 
and provide additional capabilities 
for more complex applications, ad-
vanced compound semiconductor 
manufacturers now offer innovative 
GaAs PHEMT technologies that 
monolithically integrate the Tx PA, 
Rx LNA and low loss PIN switch in 
a single chip mmWave front-end. 
In addition to these functions, plat-
forms like WIN Semiconductors’ 
PIH1-10 provide a linear Schottky 
diode for power detectors and mix-
ers, low capacitance PIN diodes for 
ESD protection and optimized E/D 
transistors for logic interfaces. This 
suite of capabilities comes in a hu-

sents a 28 GHz system with 60 dBm 
effective isotropic radiated power 
(EIRP).1 The takeaways from these 
graphs are:
•	 The target EIRP can be satisfied 

with a wide range of PA power 
levels, as shown in Figure 2a,

•	 Antenna gain increases with the 
number of elements, also shown 
in Figure 2a and

•	 As the number of antenna el-
ements increases, with lower 
transmit power per element, the 
total array DC power decreases, 
reaching a minimum at approxi-
mately 128 elements, then in-
creases, as shown in Figure 2b.
As more antenna elements are 

added to accommodate the lower 
P1dB available from SiGe and CMOS 
PAs, more power is consumed by 
the front-ends and beamformer ICs 
that feed and control these chan-
nels. One example of this is a fully 
integrated, dual polarized, 28 GHz, 
SiGe beamformer IC with 16 ele-
ments.4 With a die size over 160 
mm2, the majority of which is the 
front-end, this component con-
sumes a considerable amount of 
silicon. One may extrapolate this to 

 Fig. 4  Insertion loss (a) and isolation 
(b) vs. frequency of single, shunt PIN 
diodes, comparing 7 x 7 and 10 x 10 µm 
diodes.
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be biased up to 6 V, where it pro-
vides a P1dB power density of over 
0.7 W/mm and a typical peak PAE 
of 50 percent. Noise performance is 
shown in Figure 3c, demonstrating 
the versatility of the mmWave en-
hancement-mode PHEMT. The tran-
sistor exhibits less than 1 dB noise 
� gure at 28 GHz and approximately 
1.3 dB at 38 GHz.

 As noted, the PIH1-10 platform 
provides a monolithic PIN diode 
to realize an on-chip T/R switch. 
Figure 4 shows the insertion loss 
and isolation for a single diode in 
a shunt con� guration; two diode 
sizes are measured (7 x 7 and 10 x 
10 μm), exhibiting insertion losses 
of approximately 0.6 and 0.9 dB, 
respectively.

ADDED FUNCTIONS
To meet the requirements of 

mmWave front-ends, the chosen 
process platform must provide ex-
cellent power and noise perfor-
mance and have a low loss switch 
capability. However, that is not 
enough to provide a truly integrat-
ed front-end solution. To extend the 
feasibility of GaAs, several historic 
weaknesses of PHEMT technology 
must be addressed: adding multi-
ple diode types for ESD protection, 
mixers and power detectors and 
standard logic cells and circuits for 
biasing and control interfaces. 

The availability of on-chip logic 
is particularly important for active 

provides excellent power, gain, 
power-added ef� ciency (PAE) and 
noise � gure at mmWave frequen-
cies and is biased from a single pos-
itive supply. Figures 3a and b show 
measurements of the maximum 
available gain (MAG) and 29 GHz 
load-pull taken at VD of 4, 5 and 6 V. 
The MAG is stable to 50 GHz, con-
� rming the device can cover both 
the 28 and 39 GHz 5G bands. The 
enhancement-mode PHEMT can 

midity-rugged back-end, available 
with a copper redistribution layer 
and copper pillar bumps to reduce 
die size and allow � ip chip assem-
bly, enabling GaAs front-ends to � t 
within 28 and 39 GHz antenna lat-
tice spacing.

mmWAVE PERFORMANCE
The core of these integrated 

technologies is a versatile enhance-
ment-mode PHEMT transistor that 

 Fig. 5  2-bit decoder logic function, 
one of several logic cells available in E/D 
PHEMT GaAs process.
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www.nuwaves.com
513.360.0800 
Middletown, OH

ADVANCE 
Your Mission

ADVANCE
Your Mission

ADVANCE 
Your Mission

NuPowerTM Broadband Power Amplifiers
 Part Number Freq (MHz) Gain (dB) Power Out (W) Size (inches)
 NW-PA-11B02A 100 - 2550 40 10 2.34 x 1.96 x 0.62
 NW-PA-VU-4-G01 225 - 512 35 10 2.34 x 2.34 x 0.70
 NW-PA-11C01A 225 - 2400 40 15 3.00 x 2.00 x 0.65
 NW-PA-13G05A 800 - 2000 45 50 4.50 x 3.50 x 0.61
 NW-PA-15D05A 800 - 2500 44 20 4.50 x 3.50 x 0.61
 NW-PA-12B01A 1000 - 2500 42 20 3.00 x 2.00 x 0.65
 NW-PA-12B01A-D30 1000 - 2500 12 20 3.00 x 2.00 x 0.65
 NW-PA-12A03A 1000 - 2500 37 5 1.80 x 1.80 x 0.50
 NW-PA-12A03A-D30 1000 - 2500 7 5 1.80 x 1.80 x 0.50
 NW-PA-12A01A 1000 - 2500 40 4 3.00 x 2.00 x 0.65
 NW-PA-LS-100-A01 1600 - 2500 50 100 6.50 x 4.50 x 1.00
 NW-PA-12D05A 1700 - 2400 45 35 4.50 x 3.50 x 0.61
 NW-PA-C-10-R01 4400 - 5100 10 10 3.57 x 2.57 x 0.50
 NW-PA-C-20-R01 4400 - 4900 43 20 4.50 x 3.50 x 0.61

NuPower XtenderTM Broadband Bidirectional Amplifiers
 Part Number Freq (MHz) Gain (dB) Power Out (W) Size (inches)
 NW-BA-VU-4-GX02 225 - 512 35 10 2.34 x 2.34 x 0.70
 NW-BA-12B04A 1000 - 2500 35 10 3.00 x 2.00 x 1.16
 NW-BA-12C04A 1000 - 2500 35 15 3.00 x 2.00 x 1.16
 NW-BA-C-10-RX01 4400 - 5100 10 10 3.57 x 2.57 x 0.50
 NW-BA-C-20-RX01 4400 - 4900 43 20 5.50 x 4.50 x 0.71

Broadband High Intercept Low Noise Amplifiers (HILNATM )
 Part Number Freq (MHz) Gain (dB) OIP3 (dBm) Size (inches)
 HILNA-HF 2 - 50 30 30 3.15 x 2.50 x 1.18
 µHILNA-V1 50 - 1500 20 31 1.00 x 0.75 x 0.50
 HILNA-V1 50 - 1000 20 32 3.15 x 2.50 x 1.18
 HILNA-G2V1 50 - 1000 40 31 3.15 x 2.50 x 1.18
 HILNA-LS 1000 - 3000 50 33 2.50 x 1.75 x 0.75
 HILNA-GPS 1200 - 1600 32 30 3.15 x 2.50 x 1.18
 HILNA-CX 5000 - 10000 35 21 1.77 x 1.52 x 0.45

be close to the antenna elements. 
The industry’s expectation is for the 
front-end MMICs to be attached di-
rectly to the antenna boards, which 
requires a chip scale package. To 
enable this assembly capability and 
minimize MMIC size, advanced plat-
forms such as PIH1-10 incorporate 
a copper redistribution layer with 
copper pillar bumps. With the in-
herent humidity resistance of the 
technology, a chip scale, mmWave 
front-end can be realized.

SUMMARY
mmWave access points using 

active antenna arrays will play an 
important part in the development 
of 5G network services. As the in-
dustry adopts hybrid beamforming, 
designers will have more � exibil-
ity when choosing semiconductor 
technologies to meet speci� c use 
cases. Stringent performance speci-
� cations demand best-in-class semi-
conductor technology for front-end 
PAs and LNAs. Advanced and highly 
integrated GaAs PHEMT platforms 
will be a competitive technology 
to lower hardware costs and en-
able high performance, single chip, 
mmWave front-ends.■
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cuits, GaAs technology offers users 
an entirely new toolset to support 
high performance mmWave front-
ends.

In addition to functionality, the 
GaAs PHEMT platform must en-
able compact front-ends that � t 
within the 5 mm antenna spacing at 
28 GHz or the 3.75 mm at 39 GHz. 
As excessive transmission losses 
at these frequencies are costly, 
the front-end components should 

antenna arrays, as it simpli� es the 
interface with the beamformer IC. A 
library of logic solutions, such as the 
2-bit decoder shown in Figure 5, is 
available and continually expand-
ing with more logic functions. These 
capabilities have been incorporated 
into the baseline PHEMT technol-
ogy and are provided to the user as 
process options to meet application 
requirements. By adding libraries 
of logic cells and ESD reference cir-
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Integrated Dual 
Polarized Scalar 
Horn Antenna 
Covers 24–42 GHz
SAGE Millimeter Inc.
Torrance, Calif.

In the race to develop 5G mmWave 
hardware, accurate and efficient tools 
for measuring antenna performance are 
required to keep pace. SAGE Millime-

ter’s model SAF-2434231535-358-S1-280-
DP is a dual polarized, scalar, feed horn an-
tenna assembly that covers all 5G frequency 
bands in the range from 24 to 42 GHz. An 
integrated orthomode transducer (OMT) 
yields orthogonal wave components when 
the antennas is used as a receiver and de-
livers full polarization agility when used as a 
transmitter. Both modes benefit from 15 dBi 
of mid-band gain, with 35 dB port isolation 
and 35 dB cross-polarization rejection.

POLARIZATION DIVERSITY
As a receiver (see Figure 1), the antenna 

assembly can be combined with a pair of 
down-converters driven from a common lo-
cal oscillator (LO). The down-converted sig-
nals are fed to a vector signal analyzer or a 
dual-channel oscilloscope to simultaneously 
resolve horizontal and vertical wave compo-
nents and their phase relationship, provid-

ing polarization information. When used as a 
signal source (see Figure 2), the antenna can 
be combined with a pair of up-converters 
that are fed from a common LO and driven 
by a vector signal generator. This configura-
tion can generate any linear, circular or el-
liptical polarization.

Highly repeatable results are obtained 
when adjustments are made electronically, 
rather than more commonly switching an-
tennas and other hardware to change po-
larization and frequency. As a result, the 
integrated antenna saves both time and 
cost, avoiding additional antennas, cables, 
fixtures and electronic components.

Applications for the dual polarized anten-
na assembly include characterizing mobile 
and fixed antennas and measuring propaga-
tion effects in complex environments. Such 
assessments are essential to maximize 5G 
system performance over the full range of 
operational settings. The feed’s dual polariza-
tion and wide bandwidth are also well suited 
for advanced frequency-agile radar systems 
and high speed data communications.
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CONSISTENT PERFORMANCE

The E- and H-plane antenna pat-
terns have sidelobe levels below 
‐25 dB across the full operating 
spectrum (see Figure 3). The feed 
achieves good quiet-zone perfor-
mance in anechoic chambers with 
limited size and absorption char-
acteristics, making it a good � t 
for cost-sensitive antenna ranges. 
The antenna’s 3 dB beamwidth is 
matched at 35 degrees for both 
the E- and H-planes. Return loss for 
the OMT ports is better than 20 dB, 
typically 25 to 30 dB (see Figure 4).

Constructed from gold-plated 
aluminum and brass, the antenna 
operates from ‐40°C to +85°C. Both 
ports are standard WR28 waveguide 
with UG-599/U � anges and 4-40 
threaded holes. The overall length 
of the assembly is 4.1 in. (104 mm). 
The horn’s maximum diameter is 1.6 
in. (40.6 mm).

INTEGRATED SOLUTIONS
Good cross-polarization rejec-

tion, important for accurately con-
trolling antenna polarization, relies 
on a high degree of symmetry in 

 Fig. 1  The amplitude and 
polarization of a received signal can be 
determined using two down-converters, 
a common LO and vector signal analyzer.

LO Source

LO Signal

OMT

VH

Multi-
plier

Signal Analyzer

 Fig. 2  A signal with adjustable 
amplitude and polarization can be 
generated using two up-converters, a 
common LO and vector signal generator.
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OMT

VH

Multi-
plier

Vector Signal Generator

QI

MICROWAVE COMPONENTS
 & SYSTEMS

Thin-film technology in very small,
 yet rugged, packages.

 
AMPLIFIERS:
Frequency range of 0.1 to 50 GHz MILITARY ELECTRONICS: COMPONENTS: 
LNA or Power Freq range: 0.1 to 50 GHz Mixers 2.0 to 45 GHz
We also offer custom amplifiers for radar applications ► Double/Triple Balanced
including, but not limited to, Heatsink ►   Pulse Modulators ► IR Mixers
and Universal AC Input ►   Threshold Detectors ► IQ Modulators

►   Detector Log Amplifiers Limiters 0.1 to 40 GHz
UP/DOWN CONVERTERS: ►   using remote sensing Detectors 0.01 to 50 GHz
Freq range 3 to 40 GHz
A complete remote converter system 333 Moffett Park Drive, Sunnyvale, CA 94089
using a network control Ph: 408-739-4214         sales@advmic.com

        www.advmic.com    

ONE STOP SHOP

(Contact factory for details)

►CUSTOM products using AMI 
building blocks 

Universal Monitor (or Tuner) is used for many 
wireless applications where frequency and power 
level is identified accurately at a very wide 
frequency range. This product can be used for 
commercial or military radar applications. AMI 
offers two bands: 2-18GHz and 10-26GHz,
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The Leader in Switching Solutions
Teledyne Relays provides switching solutions for a technically 
diverse world, offering advanced products to meet the needs 
of  a wide range of applications, including Automated Test 
Equipment, high-fidelity communication systems, digital signal 
processing, and data acquisition systems. In addition to RF 
Electromechancial Relays and Coaxial Switches, the new 
Indium Phosphide RF Switches provide up to DC-40 GHz 
bandwidth in a rugged compact package. 

● SPDT, Transfer, Multi-Throw                
● Switches and Switch Matrices
● SP3T-SP10T
● Low PIM Switching
● DC to 40 GHz
● 5M Cycle-life 
● Custom products

ELECTROMECHANICAL RELAYS
● DC-18 GHz, 40 Gbps Signal Integrity
● Loopback Relays with bypass path for ATE Applications
● SPDT, DPDT, 4PST Configurations
● Magnetic Latching and Failsafe Options

800-596-3855 ● www.teledynerelays.com
800-351-7368 ● www.teledynecoax.com

COAX SWITCHES

 MINIATURE SWITCH MATRIX
● USB/Ethernet Mini-Switch Modules
● DC-18GHz, 26.5 GHz, or 40 GHz options
● SPDT, Multi-throw, and Transfer switch options
● Multiple RF Connectors Available
● USB/Ethernet Controllable
● Off-The-Shelf Product, Short Lead Times

RF SWITCH MATRIX
● Multiple Standard and Custom configurations
● Failsafe, Latching, or Normally Open Configurations
● Integration with Filters, Attenuators, Splitters, Dividers, etc.

SPACE/HI-REL RELAYS
● High Reliability Space Grade Relays
● DC-40 GHz Coax Switches
● DC-18 GHz Electromechanical Relays
● Electromechanical Switch Matrix 

 MICROWAVE COAXIAL SWITCHES 

Reflective SPDT Active RF Switch
3mm x 3mm x 3mm Package
DC- 40 GHz  Bandwidth
Signal Integrity Up to 40 Gbps
- 65°C to +125°C Operating Temperature
100 krads Radiation Tolerance  

InP1012-40

The Leader in Switching Solutions

InP1012-40

Microwave Journal 4.18.indd   1 4/19/2018   9:06:16 AM

See us at IMS Booth 525
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 Our exclusive triple convertible semi-automatic ultrasonic wire bonding machine: 
  The 4KE wedge-wedge and ball-wedge wire bonding machine, with 
   convertibility for either 45° or 90° feed, and ball bonding, all in ONE HEAD!.

 45° and 90° Wire Feed Convertibility

 Wire or Ribbon Bonding 

 Cu or Au Ball-Wedge Bonding 

 Throatless Chassis 

 ESD Protection 

 Adjustable Work Platform 

 Orthogonal X, Y, and Z Axes 
 

                                                                                          See our latest Model 4KE and the 7312C at the  
         IMS IEEE Show, Pennsylvania Convention Center, Philadelphia, PA, June 12-14, 2018 Booth #1816 

  www.westbond.com 
Ph. (714) 978-1551 Fax (714) 978-0431

   e-mail: sales@westbond.com            1551 S. Harris Court  Anaheim, CA   92806 

WEST•BOND’S Latest Model 4KE: Now in ONE 
HEAD; Wedge Bonder / Au and Cu Ball Bonder 

ProductFeature

able attenuators, phase shifters, frequency converters, 
filters and customized instrumentation. The antenna 
can be combined with a dielectric lens or a Cassegrain 
reflector to achieve higher gain for radar and communi-
cation applications.

 
SAGE Millimeter Inc.  
Torrance, Calif.  
www.sagemillimeter.com

the construction of the OMT and the scalar horn, with 
minimal mechanical gaps or misalignments between 
the components. As an integrated assembly, the an-
tenna maximizes performance while allowing users to 
avoid the difficult tasks of separately purchasing a feed 
horn and OMT, then assembling precisely, testing in 
a calibrated antenna range and adjusting to optimize 
performance.

To meet a wide range of test and measurement 
needs, the antenna can be integrated with a variety of 
off-the-shelf components, including signal sources, vari-

 Fig. 3  From 24 to 42 GHz, the antenna typically achieves 
15 dBi gain with a 3 dB beamwidth of 35 degrees.
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 Fig. 4  Low cross-polarization and high isolation between 
OMT ports enable good control of the antenna’s transmit and 
receive polarizations.
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Speed. Reliability. Efficiency.

Visit us at  

IMS, Booth 1116

June 12 - 14, 2018 

Philadelphia

HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

Simply sticks to performance

HUBER+SUHNER‘s next generation multicoax interconnect MXPM is a future-proof 
solution that supports up to 67GHz (with option to 85GHz). By offering a high density 
(2.5mm) pitch, the MXPM guarantees a satisfying experience with its user-friendly 
magnet mount connection, making performance and reliability affordable.

Discover it at IMS! 

Discover more at  › hubersuhner.com
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VNA Test Port 
Adaptors to 70 GHz
Rosenberger
Fridolfing, Germany

W hen testing, as well as select-
ing the right test equipment 
to do the task efficiently and 
effectively, it is just as im-

portant for the adaptors and cables used to 
connect to the device under test (DUT) to 
be equipped and suitable for the job, with 
minimum loss and secure connections. They 
also need to be rugged and adaptable for 
testing a variety of applications, such as 
telecommunications, data systems, medical 
electronics, industrial electronics, test and 
measurement, aerospace and automotive 
electronics.

With these requirements in mind, 
Rosenberger has revised and expanded 
its product range of high-quality, rugge-
dized test port adaptors for vector net-
work analyzer (VNA) test applications, to 
provide the connection required when us-
ing network analyzers with various test de-
vices and equipment. The product range 
now covers RPC-3.50, RPC-2.92, RPC-2.40 
and RPC-1.85 in-series and inter-series 
test port adaptors for frequencies up to  
70 GHz. Inter-series adaptors RPC-3.50, 
RPC-2.92 and RPC-2.40 to RPC-N and 
RPC-7 are also available.

RUGGEDIZED CONSTRUCTION
Of particular importance is the rugge-

dized construction of the adaptors, reduc-
ing mechanical abrasion to a minimum and 
ensuring reliable protection of VNA test 
ports. Designed to connect directly with a 
ruggedized coupling nut to the VNA test 
port, these high-quality test port adap-
tors offer significant, practical features. For 
instance, they are usable for all common 
VNAs, offer reliable protection of VNA test 
ports and provide cost savings by reduc-
ing VNA down-time and minimizing repair 
costs. They are claimed to deliver excellent 
measurement performance due to restricted 
connection dimensions on the adaptor DUT 
side, as well as providing reliable measure-
ments of solely the devices and not of the 
complete test setup.

Figure 1 shows the typical insertion loss 
and return loss of these test port adaptors, 
illustrated by the RPC-3.50 female to male 
configuration. The female versions are mate-
able with all common VNA test ports and all 
common standard series. Similarly, the male 
versions are mateable with all common stan-
dard series, for example with ruggedized 
and non-ruggedized female connectors.
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+1.888.7.REMCOM (US/CAN) | +1.814.861.1299 | www.remcom.com

Visit Remcom at IMS: Booth #1917

Learn more at www.remcom.com/5g-mimo  ���

Are you confident your design approach is 
sufficient for meeting 5G performance 
standards?

Remcom’s EM Simulation So�ware 
integrates antenna design, propagation 
visualization, and communication channel 
modeling to provide a comprehensive 
characterization of real-world device 
success.

Without throughput analysis, you could be 
missing a critical piece of the 5G puzzle.

Designing for a 5G Future:
 Will Your Device Be Ready?
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ProductFeature

IEC 61169-40—mate with APC-
2.40, OS 50, HP-2.40 or RPC-1.85 
and V connectors. These test port 
adaptors operate to 18, 40 or 50 
GHz. Also available are in-series 
adaptors—RPC-2.40 to RPC-N 
and RPC-7—along with inter-series 
adaptors—RPC-2.92.

Extending the range to 70 GHz 
is the RPC-1.85 test port adaptor 
(shown in Figure 3)—interface to 
IEC 61169-32—that mate with V or 
RPC-2.40, APC-2.40, OS 50 and HP-
2.40 connectors. They are available 
as in-series adaptors, female and 
male.

Rosenberger is certi� ed to IATF 
16949:2016, ISO 9001 and DIN EN 
9100 and runs an accredited calibra-
tion laboratory in accordance with 
DIN EN ISO 17025 (DAkkS). Like all 
of the company’s products, the test 
port adapters are made to the high-
est standards.

Rosenberger 
Fridol� ng, Germany 
www.rosenberger.com

to IEC 60169-23—mate with APC-
3.50, GPC-3.50, SMA, K and RPC-
2.92 connectors. These test port 
adaptors operate to 18 or 26.5 GHz, 

with in-series and 
inter-series adap-
tors available, which 
are RPC-3.50 to 
RPC-N and RPC-7, 
respectively.

The RPC-2.92 
test port adaptors—
interface to IEC 
61169-35—mate 
with APC-3.50, 
GPC-3.50, SMA, K 
and RPC-3.50 con-
nectors and oper-
ate in the 18 or 40 
GHz range. Again, 
in-series adap-
tors—RPC-2.92 to 
RPC-N—as well as 
inter-series adap-
tors—RPC-7—are 
available.

The RPC-2.40 
test port adap-
tors—interface to 

EXTENDED RANGE
Taking each of the range of adap-

tors in turn, the RPC-3.50 test port 
adaptors (see Figure 2)—interface 

 Fig. 1  Typical insertion loss (a) and return loss (b) of a 
Rosenberger test port adaptor, illustrated by the RPC-3.50 
female to male adapter.
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 Fig. 3  RPC-1.85 test port adaptor 
extends the frequency range to 70 GHz.

 Fig. 2  RPC-3.50 test port adaptor, 
which operates to 18 or 26.5 GHz.
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Learn more about our standard and custom material solutions.
Contact us today or scan the code to see our capabilities brochure.

Better Solutions for 
EMI/RF Interference

Standard & Custom Material Solutions
978-388-2993  •  sales@arc-tech.com  •  www.arc-tech.com
RF/Microwave Interference | Radar Absorption | EMI Control

ARC Technologies provides an array of
standard and custom materials including:

•  RF Absorbers

•  Tailored  Dielectric Materials

•  Injection-Molded Plastics

•  Structural Composites

•  Testing and Machining     
 Capabilities

•  Low DK Materials

•  High Frequency EMI Vents

Our Materials make the difference

Commercial 

Defense 

Automotive

Aerospace 

See us at IMS Booth 1058
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Low Phase Noise 
Amplifiers Improve 
Receiver and Radar 
Performance
Custom MMIC
Chelmsford, Mass.

A microwave system’s phase noise 
impacts everything from target 
acquisition in radars to spectral 
integrity in communications sys-

tems, with direct down-conversion receiv-
ers and radar transceivers especially sensi-
tive to phase noise. A new line of low phase 
noise amplifier (LPNA) MMICs from Custom 
MMIC was developed to address this prob-
lem.

The direct down-conversion receiver is 
popular in microwave communications sys-
tems due to its circuit simplicity. The receiver 
comprises a single mixer driven by a local 
oscillator (LO), which converts the input RF 
signal to a very low baseband frequency. 
The baseband signal is applied to an analog-
to-digital converter for digital processing. A 
common term for this architecture is “RF in, 
bits out.” One problem with direct down-
conversion is the input RF frequency being 
very close to the LO frequency, making the 
down-conversion susceptible to phase noise, 
especially if the RF signal strength is low. 

In radar systems, the problem is similar. 
Doppler radar operates by transmitting a 
pulse at one frequency, then measuring the 
frequency shift of the return pulse, which is 
proportional to the velocity of the object 
being imaged. Objects moving slowly will 
generate a return pulse close in frequency 
to the transmitted pulse, and if the cross 
section of the object is very small—such as 
from a UAV—the power level of the received 
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ProductFeature

 Fig. 1  Ideal LO signal (blue), LO signal with 
phase noise (red) and a close-in RF signal to be 
converted to baseband.
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www.svmicrowave.com

High Frequency
RF Board Mount

Connectors

• Series: mmWave, SMP, SMPM, SMPS, SMA

• Compression Mount (solderless) with screws

• Thru-Hole

• Surface Mount

• Edge Launch

• Tin dipped options available

• DC – 50 GHz

More Coaxial PCB 
Connectors available  
than Ever Before

See us at IMS Booth 903
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ProductFeature

frequency control solutions

Greenray Industries’ new
YH1485 OCXO and T1266
TCXO are exceptional high
performance, high frequency,
low noise reference sources.

l Freq. Range: 10 - 100MHz
l Ultra-low Phase Noise to

-180dBc/Hz
l Acceleration sensitivity

down to 5 x 10-10/g
l +12.0 or +15.0VDC supply
l   Compact 25.4mm sq. 

low-profile package
l Sinewave Output

l Freq. Range: 50 - 125MHz
l Low Phase Noise to

-165dBc/Hz
l +3.3 or +5.0VDC supply
l   Compact 17.3mm sq.,

low-profile package
l Sinewave or Squarewave

CMOS (T1265) Output
l Ideal for Instrumentation,   

Base Station & Mobile   
Communications Apps

Ultra Low
Phase Noise References

For Mobile Test
Equipment & More.

YH1485 OCXO

T1266 TCXO

Call 717-766-0223
Visit our New Website at

www.greenrayindustries.com.

gri_04.2018 mwj_satsho.qxp_gri_mwj_4.2017  3/14       

the amplifier affect the phase noise 
of the LO signal? Ideally, the an-
swer is “no,” as the amplifier simply 
raises the desired LO signal and its 
skirts by the same level. 

However, the reality is microwave 
amplifiers add noise, generated by 
a phenomenon called 1/f or flicker 
noise, noise power added to the in-
put signal with a spectrum that falls 
off proportionally to the inverse of 
the offset frequency. If this noise is 
greater than the phase noise of the 
input signal, then amplifier noise 
will dominate the output noise 
spectrum—and the low phase noise 
of the oscillator will be replaced by 
the higher phase noise of the am-
plifier—defeating the purpose of a 
low phase noise oscillator (see Fig-
ure 3).

Understanding this, the ampli-
fier becomes another component 
to address in the chain. Why has 
this not been addressed before? 
The answer lies in device physics: 
1/f noise is caused by random and 
thermal charge movement in the 

signal will be very 
low. As the return 
pulse is converted 
to baseband to re-
cover the velocity 
information, phase 
noise can obscure 
this data.

The dilemma 
faced by direct 
conversion receiv-
ers and radar sys-
tems is seen in 
Figure 1, which 
shows if the power 
of the RF signal 
being converted 
falls below the 
phase noise spec-
trum of the LO sig-
nal, no baseband information can 
be recovered, since the signal  
is obscured by the noise. Reducing 
the phase noise will increase receiv-
er sensitivity.

The impact of phase noise 
when down-converting a multi-
carrier orthogonal frequency-di-
vision multiplexed (OFDM) signal 
is shown in Figure 2. If the phase 
noise of the LO is too high, the 
noise will be converted into ad-
jacent channels of the baseband 
data, ruining the integrity of the  
information.

WHERE TO START?
One obvious place to limit phase 

noise is the oscillator, i.e., spending 
considerable time and money to 
design or procure a low noise oscil-
lator. However, most oscillators do 
not generate sufficient output pow-
er to drive the LO input of a mixer 
and need a post amplifier. If an os-
cillator output of +5 dBm needs to 
be amplified to +15 to +17 dBm to 
drive the LO port of the mixer, will 

 Fig. 2  Phase noise issues in OFDM systems: ideal LO signal 
(blue), LO signal with phase noise (red) and RF signal (green).
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 Fig. 3  Phase noise degradation due to an amplifier: the skirts of the input signal on 
the left are increased after passing through the amplifier, yielding the output spectrum 
on the right.
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The World Leader In VCOs & PLLs

CLV Series VCOs
• Wide Frequency Range
• Low Phase Noise
• Low Harmonics

CRO Series VCOs
• Low Tuning Sensitivity
• Ultra-Low Phase Noise
• Low Frequency Drift

DRO Series VCOs
• Exceptional Spectral Purity
• Low Power Consumption
• Ultra-Fine Tuning Precision

SMV Series VCOs
• Exceptional Spectral Purity
• Low Power Consumption
• Ultra-Fine Tuning Precision

TRO Series VCOs
• Exceptional Phase Noise
• Low Power Consumption
• Small Size

USSP Series VCOs
• Ultra-Compact Size
• Low Phase Noise
• Low Power Consumption

V Series VCOs
• Low Phase Noise
• Linear Tuning
• Octave Bandwidth

ZRO Series VCOs
• Ultra-Low Phase Noise
• Voltage Bias Stabilization
• Temperature Compensated

WWW.ZCOMM.COM

 

Providing the right signal source solution for your application with over 1000 off-the-shelf products since 1987.

Microwave
Radio

Satellite
Communications

Test &
Measurement

Military
Communications

Clock
Source

400 MHz
—

2 GHz

400 MHz
—

8 GHz

7 GHz
—

12 GHz

60 MHz
—

6 GHz

1300 MHz
—

2400 MHz

150 MHz
—

4 GHz

40 MHz
—

7 GHz

600 MHz
—

3 GHz

PLL Synthesizers
• Integer-N & Fractional-N
• Low Phase Noise
• Compact Size

SFS Series Fixed Freq PLLs
• No External Programming
• Ultra-Low Noise
• Small Size

80 MHz
—

6 GHz

RFS Series Fixed Freq PLLs
• Reference Signal Included
• No External Programming
• Fixed Frequency

1 GHz
—

6 GHz

700 MHz
—

15 GHz

Your Trusted Source
for VCO & PLL

Solutions
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ProductFeatureReliability is 
Not Expensive,

SX Series
RF Surge Protection
Market-leading designs are ideal for 
use with macro sites, small cells, DAS, 
backhaul and cabinet integration.

• DC Block and DC Pass versions   

• Frequency ranges from DC to 11 GHz

• 4.3-10, 7/16" DIN, N-Type, TNC and   
 SMA connectors

• Patented spiral inductor technology

• Up to 40 kA surge rating

• Ultra-low PIM (-130 dBm typically)

• Weatherproof when installed

Assuring network reliability
 is a requirement for 

communication operability.

SX Series

When RF network reliabilityis a requirement,
 the only choice is PolyPhaser! 

Learn more at polyphaser.com 
or call us at 208 772 8515.

biasing circuitry required by devices 
using a negative supply.

These ampli� ers are being used 
in a variety of LO and high sensitiv-
ity receiver circuits for military and 
instrumentation applications.

OTHER WAYS TO ADDRESS 
PHASE NOISE

Other components besides os-
cillators and ampli� ers contribute 
to phase noise, including frequen-
cy multipliers. Some microwave 
systems use a lower frequency 
oscillator multiplied to produce a 
higher frequency. One common 
approach to multiplication is using 
a harmonically terminated ampli-
� er to generate the required out-
put frequency. Unfortunately, this 
adds the ampli� er’s phase noise 
to the multiplied signal, which de-
grades the phase noise of the origi-
nal oscillator. A second approach is 
passive multiplication, which adds 
minimal phase noise to the mul-
tiplied signal. Custom MMIC has 
also developed a family of passive 
HBT frequency multipliers which 
do not add to the phase noise of 
the input signal.

Extensive datasheets, S-param-
eters and evaluation boards for all 
Custom MMIC’s products are avail-
able on the website.

Custom MMIC 
Chelmsford, Mass. 
www.CustomMMIC.com

channel of an active device.  FETs 
fabricated using a GaAs PHEMT 
process typically have a higher fre-
quency 1/f corner because of high 
electron mobility. On the other 
hand, GaAs bipolar devices (e.g., 
HBT) tend to have lower electron 
mobilities, which results in a much 
lower 1/f noise, and they have con-
siderably better phase noise than 
their FET counterparts (see Figure 
4). Therefore, one solution for low-
ering the additive phase noise is to 
use a GaAs HBT process. 

After exploring this option for 
some time, Custom MMIC recently 
released a family of off-the-shelf, 
LPNA MMICs fabricated with a GaAs 
HBT process. Models offering wide-
band coverage are available from 
DC to 40 GHz and are matched to 
50 Ω. The � ve products in the fam-
ily achieve phase noise performance 
as low as ‐165 dBc/Hz at 10 kHz 
offset. They also feature low noise 
� gures down to 3 dB, high linearity 
with OIP3 as high as 29 dBm and 
18 dB gain to 18 GHz, 17 dB to 
22 GHz and 13 dB to 40 GHz. The 
MMIC family includes three die and 
two packaged MMICs in a 4 mm x 
4 mm QFN. These ampli� ers are be-
ing used in a variety of LO and high 
sensitivity receiver circuits for military 
and instrumentation applications. An 
additional bene� t of these designs is 
self-biasing; they require only a sin-
gle positive power supply of 3 to 5 V, 
reducing the need for the extensive 

 Fig. 4  The phase noise of a GaAs PHEMT ampli� er (CMD167) is typically greater 
than that of a GaAs HBT ampli� er (CMD245)
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Engineers’ RF Surge 
Protection Source 
for Total Network 
Reliability.

Whether your coaxial application is at the tower top, GPS or in the base station, RF products 
designed and manufactured by PolyPhaser set the standard for the industry.
  
 Superior Protection
 PolyPhaser’s superior RF designs and platforms include system level protection, DC Pass, 
 DC Block, Bias-T and Ultra-Low PIM products. 

 Patented Technology
 Our patented designs are engineered for low voltage let-through and superior 
 RF integrity, offering the industry’s best performing surge arrestors.

 Guaranteed Performance
 PolyPhaser’s field-tested product platform, is backed by a 
 ten-year warranty and can be found in mission-critical 
 communication applications in more than 160 countries.

When RF network reliability is a requirement, the only 
choice is PolyPhaser! Learn more at PolyPhaser.com 
or call us 208 772 8515.

Reliability is 
Not Expensive,

 Our patented designs are engineered for low voltage let-through and superior 
 RF integrity, offering the industry’s best performing surge arrestors.
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Interactive 
Debugging in 
Multi-Domain 
Environments
RIGOL
Beaverton, Ore.

T he continued expansion of the 
IoT and the accompanying RF in-
tegration challenges mean that 
designers bene� t from versatility 

across disciplines. A single product routinely 
combines RF, digital and analog design el-
ements, meaning engineers need to inter-
actively debug systems that include both 
RF and embedded subsystems. To address 
complex debugging issues with � exibility 
and value, RIGOL combines the latest real-
time spectrum analysis with embedded de-
bugging in multi-domain systems.

RIGOL’s multi-domain analysis combines 
the power of our new real-time spectrum 
analyzers (RTSA) with our high performance 
oscilloscopes to make investigating, corre-
lating and analyzing signals easier than with 
traditional instruments. Unlike many of the 
basic RTSAs on the market, RIGOL’s RSA se-
ries all have a combination of hardware trig-
gering and IF outputs designed to work with 
an oscilloscope for advanced multi-domain 
analysis.

INVESTIGATE
Identifying issues starts with captur-

ing and verifying signals either in the time 
domain or RF domain. One of the advan-
tages of this multiple instrument approach 
is how easy it is to view signals, by either 
time or spectrum. When symptoms appear 
in the RF transmissions, use real-time to 
monitor frequency, using seamless capture 
capabilities to analyze the characteristics 
of the signal. Extend this analysis into the 
time domain with the power versus time 
view or by monitoring the IF signal on an 
oscilloscope. Deep memory and waveform 
recording verify signals as they change on 
longer time scales. Use the real-time ana-
lyzer to investigate transient, high speed 
events. One of the most important views of 
a real-time signal is the density view. Den-
sity view highlights transient signals that are 
dif� cult to capture using other techniques 
by showing the probability of occurrence in 
color (see Figure 1). Density view makes it 
possible to differentiate signals, even when 
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See us at IMS Booth 1406
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ProductFeature

See our ColdRF™ FAQ at 
www.nevadarf.com 

NOT YOUR NORMAL 0° COMBINERS! 

90% of heat to 
a remote 50 
ohm load at 
any distance. 

Excellent bal-
ance, isolation 
and return loss. 

No internal 
resistors or 
loads! 

Standard and Custom ColdRF™ Solutions 
Isolation and cool operation, even for 
uncorrelated high power inputs! 

acteristics. Each of these RF pulse 
widths are less than 2 µs. To zoom 
in on their time domain activity, 
connect the scope to the IF output, 
which enables viewing the precise 
timing of the RF pulse to see it in 
context of other signals.

CORRELATE
There are three ways the RSA and 

an oscilloscope, such as the RIGOL 
4000 series, can be used to corre-
late signals. For all three methods, 
� rst connect the RSA and the oscil-
loscope. The RSA trigger out is con-
nected to either the external input 
or a standard channel. The oscillo-
scope’s trigger output is connected 
to the RSA trigger input. Finally, the 
IF output is connected to a scope 
channel in 50 Ω mode.

The � rst method involves trigger-
ing on the oscilloscope itself. With 
the RSA in real-time mode, select a 
view and trigger on the scope chan-
nel connected to the RSA IF output. 
The scope can be set to trigger on 
RF power changes and correlate RF 
with other signals on the scope dis-
play. The IF output down-converts 
the real-time center frequency to 430 
MHz. In the second method, the RSA 
triggers with the scope, making cor-
related visualization of the spectrum 
possible whenever the scope identi-
� es a trigger event. In this mode, ba-
sic visualization of the spectrum can 
also be done with the FFT math func-
tion on the oscilloscope. For more 
complex RF signals, use the third trig-
gering method. This takes advantage 
of the real-time capabilities to trigger 
on the power level or speci� c values 

history of power across the spec-
trum (see Figure 2). The � gure 
shows a signal with hopping FSK 
modulation. The image in the top 
center shows the 1 ms repetition 
rate of the transmission, the spec-
trogram on the left shows the hop-
ping sequence and the spectrum in 
the bottom panel shows the latest 
capture of the FSK pulse, to deter-
mine power and frequency char-

one is obscured by the spectrum of 
the other.

The real-time visualization modes 
can capture any RF errors and inves-
tigate how they change over time. 
As a debugging tool, RIGOL’s RSA 
enables viewing time in three dis-
tinct modes: Density shows time 
as probability of occurrence. Power 
versus time shows time domain sig-
nals, and the spectrogram shows a 

 Fig. 1  Density view of a hidden signal artifact.

 Fig. 2  Visualization of both time and spectrum using the 
spectrogram mode.
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“Look to the leader in YIG-Technology”

Superior Integrated Phase Noise Performance  
Over 6 to 22 GHz In-Bands
Micro Lambda Wireless, Inc has developed a product line of frequency synthesizers for the next 5G generation 
of systems and test equipment applications. With a focus on industry leading integrated phase noise 
performance over the 1Hz to 100 MHz offset frequencies which yields superior EVM performance. This family of 
frequency synthesizers are perfect for multiplication thru 80 GHz. Give us a call or your local representative and 
check out what we have available today. 

www.microlambdawireless.com

Synthesizers Designed Specifically  
for Your Next 5G Application 

For more information contact Micro Lambda Wireless.

Micro Lambda is a ISO 9001:2015 Registered Company

46515 Landing Parkway,  Fremont CA 94538 •  (510)  770-9221 •  sales@microlambdawireless.com

Synthesizers Designed Specifically Synthesizers Designed Specifically 
for Your Next 5G Applicationfor Your Next 5G Application

See us at IMS Booth 1503

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



178   MWJOURNAL.COM  MAY 2018

ProductFeature

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

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

SPLITTERS

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

COUPLERS

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

TRANSFORMERS

50 Ω & 75 Ω 
supporting a wide 
range of applications 
with impedance 
ratios of 1:1, 1:4, 
1:8, 1:16.

RF CHOKES

Precision inductors 
& chokes with wire 
diameters from 
0.060~5mm single 
& multilayer, air-core, 
coil configurations.

50 Ω & 75 Ω Small, low cost, 
2.5 GHz BW, 2/3&4 
way power splitters 
designed for both 

50 Ω & 75 Ω 
supporting a wide 
range of applications 
with impedance 

50 Ω & 75 Ω 

SPLITTERS

2.5 GHz BW, 2/3&4 
Precision inductors 

Passives with a Passion for Performance

root cause. This time-based analy-
sis is critical, since many causes are 
not instantaneous, rather a result 
of a previous event. Programmable 
components like FPGAs hide many 
of these errors. One way to debug 
and verify their performance is to 
monitor changes over time in a con-
tinuous dataset, to locate the logic 
or state error. RIGOL’s waveform re-
cord mode is another powerful tool 
for multi-domain analysis. Record 
mode makes it possible to capture 
a sequence of thousands of trigger 
events, followed by playing back 
and analyzing these frames using 
pass/fail masks or a point-by-point 
RMS difference analysis. Comparing 
occurrences of errors and establish-
ing a common cause is critical to ul-
timately � xing the underlying cause. 
Figure 4 shows capturing the IF 
pulse (in purple), with the RSA trig-
ger channel 1, shown near the bot-
tom of the display.

CONCLUSION
The RSA series RTSAs from 

RIGOL are con� gured to make it 
easy to bring real-time visualiza-
tion to multi-domain debugging. 
Used with a RIGOL MSO4054 oscil-
loscope or a 500 MHz mixed-signal 
oscilloscope already on the bench, 
the RSA bridges the gap between 
RF and embedded signals, making 
true multi-domain analysis possi-
ble. Multi-domain analysis includes 
time-correlated RF and embedded 
signals, con� gurable triggering 
across signal types and real-time vi-
sualization of the RF signals, saving 
engineers both time and money.

RIGOL 
Beaverton, Ore.
www.rigolna.com

used to capture a FSK pulse is shown 
in Figure 3.

ANALYZE
With a deep memory scope like 

the 4000, the long record length 
enables viewing the time before 
and after an RF event to � nd the 

within the spectrum. Set the RSA 
trigger mode to power or frequency 
mask trigger, enable the RSA’s trigger 
out and use this signal to trigger the 
scope. This allows viewing the status 
of embedded, power and serial sig-
nals at the time of an RF event or EMI 
emission. The frequency mask trigger 

 Fig. 3  Display using frequency mask trigger mode.

 Fig. 4  Using 4000 series scope capture reveals a glitch in 
the center of the mask, captured in a recording of frames.
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Learn More – Scan the QR Code or go to:  
pickeringtest.com/radio
781-897-1710 | ussales@pickeringtest.com

RF & Microwave Switching
Increase the Flexibility of Your Test & Measurement System

•  Available in PXI, LXI and USB formats

•  DC to 65 GHz Bandwidths

•  Key switching topologies – Changeover, 
Transfer, MUX & Matrix

•  PXI Modules plug into any PXI or PXIe 
Hybrid Chassis and our Ethernet/USB 
controlled LXI Chassis—including our  
new 2 and 4-Slot models

• 300+ RF & Microwave product choices

•  LED indicators on most Microwave 
modules

•  Guaranteed long-term support, typically  
15 to 20 years

•  30 years switching experience with 20 
years in PXI and 13 years in LXI, along  
with a strong worldwide customer base

Get the RF & Microwave Switching you need from Pickering
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SPINNER’s rotary joints enable flex-
ible design of antenna pointing 
mechanisms, and the frequency 
range can be adapted as required. 
This opens up possibilities for direct 
communication between satellites 
and base stations and expands the 
scope for designing satellites.

 
Spinner GmbH 
Munich, Germany 
www.spinner-group.com

S-Band Rotary Joints for 
Space Applications

Many of the rotary joints 
available for use in 
space operate in X-, 
K- or Ka-Bands. Now, 

SPINNER has expanded its range of 
rotary joints for space, primarily for 
antenna pointing mechanisms, by 
developing S-Band units.

Based on its proven contact-
less RF transmission technology, 
the company has surmounted the 
challenges involved in designing 
and producing S-Band rotary joints 
that are comparable in size to those 
for higher frequencies, despite the 
longer wavelength. Thanks to their 
small dimensions, as well as the use 

of special aluminum alloys and oth-
er materials specifically designed 
for use in space, each entire rotary 
joint weighs less than 100 g.

These S-Band rotary joints han-
dle average power to 10  W, with 
a maximum VSWR of 1.15 and a 
maximum VSWR variation with ro-
tation of 0.05. Insertion loss is very 
low—less than 0.25  dB—while the 
insertion loss variation over rotation 
does not exceed 0.05  dB. These 
values are guaranteed across a 
very wide temperature range from 
−100°C to +120°C.

Thanks to their small size and 
excellent transmission properties, 

180 	 MWJOURNAL.COM n MAY 2018
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.

For reprints please contact the Publisher.



MWJ/SEMIGEN/DIAL/0817

SemiGen brand:

Limiters 

PINs 

Beam Lead PINs 

Schottky Diodes 

Step Recovery Diodes 

Point Contact Diodes 

Capacitors Space Qualifi ed 

Attenuator Pads 

Inductor Coils

MIL-STD 883 Hybrid 
and PCB Assembly

Popular Bonding 
Supplies in Stock

A lack of skilled assemblers, mergers, acquisitions, device and 

bonding tool shortages… they can drive a program manager 

mad. Dial into our high quality services, components, and 

supplies today and be ready for whatever comes next.

Call or visit us to request device samples and pricing. 

603-624-8311   |   SemiGen.net

We saw it coming. 
Dial us in.

Booth 505 Get the Edge

SemiGen_Ad_MJ_EDI.indd   1 7/5/17   4:17 PM

See us at IMS Booth 2009
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3 in. x 3 in. x 1.59 in. housing with 
7/16 connectors. The power meter 
has 40 dB dynamic range and will 
indicate the forward power in ei-
ther W or dBm and reverse power 
in W. The reflected power measure-
ment can be provided as W, return 
loss or reflection coefficient. After 
the initial calibration by Werlatone, 
which is traceable to the National 
Institute of Standards and Technol-
ogy (NIST), subsequent calibration 
is not required.

The in-line power meters can be 
powered with an AC power adapt-
er, power over Ethernet (PoE) or 
through the RS485 serial interface. 
An optional rack-mounted, 8-chan-
nel monitor with graphical interface 
is available.
Werlatone 
Patterson, N.Y. 
www.werlatone.com

Compact, Accurate, Digital 
In-Line Power Meters

W erlatone’s digital in-
line power meters 
combine the com-
pany’s heritage in 

directional couplers with an RMS 
power meter, integrated in a com-
pact package for cost-effective 
monitoring of forward and reverse 
power. The three models in the 
family cover 2 to 32  MHz, 20 to 
200  MHz and 80 to 1000  MHz,  
eliminating the need for dedicated 
and costly test equipment to moni-
tor high-power transmitters.

Welatone’s digital power mea-
surement and interface enables in-
stantaneous and simultaneous local 
and remote monitoring. Alarms for 
VSWR and temperature extremes 
can be set by the user, triggering 

notifications and relays when ex-
ceeded. Two temperature sensors 
are provided, one within the power 
meter, the second an external sen-
sor placed by the user. Multiple 
in-line power meters can be net-
worked and monitored via the TCP/
IP SNMP, RS232 or RS485 interfaces 
and using the digital dashboard 
spreadsheet and Windows graphi-
cal interface software. An Android 
app is available to monitor and re-
motely control system operation.

The WPM11199 model measures 
up to 10 kW CW from 2 to 32 MHz 
and is integrated with a 6 in. line 
section and 1 5/8 in. EIA connec-
tors. The WPM10800 measures up 
to 10 kW from 20 to 200 MHz and is 
packaged in a 6 in. x 3 in. x 2.24 in. 
housing with LC high voltage con-
nectors. The WPM11235 measures 
up to 1  kW and is packaged in a 
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Why wait for the next big thing when 
the best small thing just got better?

SEE US AT MTT-S  JUNE 12-14  •  BOOTH 525

Tel 630.754.3300
Fax 630.754.3500
Toll Free 888.347.8676
storm_microwave@teledyne.com

www.teledynestorm.com

10221 Werch Drive
Woodridge, Illinois 60517

AS9100/ISO 9001 REGISTERED

Without technology, it’s cable – with technology, it’s STORM Cable.

Join the race to the Teledyne Storm Microwave 
booth to discuss our new SF047EW coaxial 

cable solution operating to 110 GHz.

SF047EW_Ad_MWJ.indd   1 4/12/18   8:45 AM
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PIM duplexer. For example, used 
in the 1800 MHz uplink band, two 
CW tones of 45 dBm at 1810 and 
1870  MHz injected into the an-
tenna port will generate a constant 
PIM at 1750  MHz. Similarly, in the 
2600 MHz uplink band, two 45 dBm 
CW tones at 2625 and 2690 MHz in-
jected into the antenna port yield a 
constant PIM at 2560 MHz.

MCV’s low PIM series bandpass 
filters (BCCM), duplexers (DCCM), 
dual duplexers (DDCCM), multi-
plexers (MCCMx), band reject filters 
(RCCM) and combiners (CCCMx) 
can be ordered in standard and 
miniature sizes, and custom require-
ments are welcome.

 
MCV Microwave 
San Diego, Calif. 
www.mcv-microwave.com

Ultra-Low PIM and 1 kW 
Cavity Filters

MCV Microwave has de-
veloped three new filter 
families for wireless in-
frastructure. The first is 

a line of ultra-low passive intermod-
ulation (PIM) cavity filters and multi-
plexers covering the TETRA and all 
LTE frequency bands from 300  to 
3600  MHz. The typical production 
PIM performance is −163 dBc, mea-
sured with two CW tones, each at 
43 dBm. An even lower PIM filter line 
with a guaranteed −173 dBc is avail-
able for PIM test bench and more 
demanding testing applications.

Typically, the filters have approxi-
mately 1  dB passband insertion 
loss, 20  dB minimum return loss, 
95  to 120 dB rejection or isolation 
between the transmit (Tx) and re-

ceive (Rx) bands, 200 W CW power 
handling and −173 dBc PIM with 
quick-latch, blind-mate or torque-
matched connectors.

These high-power, low PIM fil-
ters are suitable for small cell, 
tower-mounted amplifiers, Tx or 
Rx combiners, multiplexers, distrib-
uted antenna systems and PIM test 
benches. Rather than using a hybrid 
coupler for a duplexer, a triplexer 
can be used to provide power at 
two separate Tx frequencies with 
low insertion loss, saving the 3 dB 
loss of the hybrid.

A second new product family from 
MCV: cavity filters and duplexers with 
1 kW CW, 8 kW peak power handling 
and −173 dBc PIM. Filters in this high-
power line cover the 850, 900, 1800, 
2100 and 2600 MHz cellular bands.

The third new product from 
MCV is a constant 118  dB ±3  dB 

See us at IMS Booth 1949
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EZ FORMable 
Cable Assembl ies
Microwave Perfomance 
without the wait... 

 ✔ Flexible Cable Assemblies with          
the performance of Semi-Rigid.

 ✔ Hand Formable, no tooling required.

 ✔ CU-SN Cable Outer Conductor 
provides shielding equivalent to     
Semi-Rigid.

 ✔ 100% Electrically tested to 18 GHz. 

 ✔ Available in standard lengths from 
STOCK with Anti-Torque SMA 
Plugs assembled on each end. 

Contact an EZF Applications Engineer today. 

A S 9 1 0 0  C e r t i f i e d
Coaxial Cable • Cable Assemblies

Delay Lines • Connectors 
www.ezform.com 
(203) 785-8215

EZ FORM CABLE

EZ Form Cable now offers OFF-THE-SHELF 
Double Shielded EZ-FLEX Formable .086 and .141 
Diameter Cable Assemblies in standard lengths. 
These Cable Assemblies feature our Anti-Torque 
SMA Plugs which prevent twisting of the cable 
during normal mating. 

To Order, reference EZF Part Number: 
For EZ-FLEX .086: 302405-XX  VSWR <1.25 @18 GHz
For EZ-FLEX .141: 302402-XX  VSWR <1.30 @18 GHz
XX = length in inches
Also available with SnPb Solder

Available in standard lengths from 
STOCK with Anti-Torque SMA 
Plugs assembled on each end. 

A S 9 1 0 0  C e r t i f i e d
 Cable Assemblies

 Connectors 
www.ezform.com 

 FORM CABLE

OFF-THE-SHELF
Double Shielded EZ-FLEX Formable .086 and .141 
Diameter Cable Assemblies in standard lengths. 
These Cable Assemblies feature our Anti-Torque 
SMA Plugs which prevent twisting of the cable 

To Order, reference EZF Part Number:
302405-XX VSWR <1.25 
302402-XX  302402-XX  302402-XX VSWR <1.30 

Solder

OFF-THE-SHELF
Double Shielded EZ-FLEX Formable .086 and .141 
Diameter Cable Assemblies in standard lengths. 
These Cable Assemblies feature our Anti-Torque 
SMA Plugs which prevent twisting of the cable 

EZ FORMable
Cable Assembl ies
Microwave Perfomance 
without the wait...

Flexible Cable Assemblies with          
the performance of Semi-Rigid.

Hand Formable, no tooling required.

CU-SN Cable Outer Conductor 
provides shielding equivalent to     

100% Electrically tested to 18 GHz. 

Available in standard lengths from 

EZ FORMable
Cable Assembl ies
Microwave Perfomance 
without the wait...

Flexible Cable Assemblies with          
the performance of Semi-Rigid.

Hand Formable, no tooling required.

CU-SN Cable Outer Conductor 
provides shielding equivalent to     

100% Electrically tested to 18 GHz. 

Available in standard lengths from 
STOCK with Anti-Torque SMA 
Plugs assembled on each end. 

To Order, reference EZF Part Number:
VSWR <1.25 @18 GHz
VSWR <1.30 @18 GHz

OFF-THE-SHELF
Double Shielded EZ-FLEX Formable .086 and .141 

@18 GHz
@18 GHz

Diameter Cable Assemblies in standard lengths. 
These Cable Assemblies feature our Anti-Torque 
SMA Plugs which prevent twisting of the cable 

Diameter Cable Assemblies in standard lengths. Diameter Cable Assemblies in standard lengths. 
These Cable Assemblies feature our Anti-Torque 

Visit us @ IMS/MTT-S 2018 Booth #1255 

RoHS
Compliant
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WR03) and is available in � ange 
connector, adapter and bend for-
mats. The standard � ange connec-
tor has anti-rotation pins but can be 
ordered without them.

Adding the Quick Connect 
system reduces RF leakage and 
eliminates misalignments for re-
peatable performance. With a maxi-
mum outside diameter under 1 in., 
it is usable in tight spaces where ball 
drivers will not � t .

Quantum Microwave
Cohasset, Mass.
quantummicrowave.com

Speed Waveguide 
Plumbing, Reduce 
Leakage

One of the frustrations 
working with waveguide 
is the tedious process of 
interconnecting sections: 

straight pieces, bends, transitions, 
antennas, passive and active com-
ponents. Each connection typically 
requires mating four waveguide 
screws and precise alignment of the 
two waveguide sections to minimize 
leakage. With any volume—the � -
nal test of waveguide components, 
for example—the cumbersome pro-
cess adds time and possible errors 
to R&D or the manufacturing � ow.

Quantum Microwave’s Guide-
Lock™ Millimeter Wave Waveguide 
Flange Quick Connect Coupling 
System eliminates the tedium and 
potential errors. To use, the two 
pieces of the Quick Connect Cou-
pling System are unscrewed, slipped 
over the waveguide on each side of 
the interconnection, then screwed 
back together, which connects and 
aligns the two waveguide sections. 
No tools are needed.

The patent-pending Quick Con-
nect system � ts any standard wave-
guide band, from 50 to 325 GHz 
(WR15, WR12, WR10 through 
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www.intelliconnect.co.uk • www.intelliconnectusa.com
ABMS • BMA • C • N • SMA • TNC • Waterproof RF Connectors • Dustcaps • Cable Assemblies

A different kind of Interconnect Solutions Provider

Connectivity Products 
for Mil, Aerospace 
and Security

For further product information, please contact one of our sales teams at:

UK: +44 (0) 1245 347145 sales@intelliconnect.co.uk www.intelliconnect.co.uk  
USA: (931) 707-1005 info@intelliconnectusa.com www.intelliconnectusa.com

n  Precision Connectors and Adaptors, 
Microwave Cable Assemblies and Dustcaps

n  All products are designed and assembled 
by IntelliConnect

n  Waterproof and corrosion resistant versions

n  Standard SMA, N, TNC, BMA products 
available online or contact us for a 
quotation for a bespoke design

Bronze Award

IC_MIL-Aero_MJ_UK-US.indd   1 07/02/2018   17:10
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S INC E  1968

48 YEARS OF EXCELLENCE

508-695-0203
mini-systemsinc.com
info@mini-systemsinc.com

PROVEN RELIABILITY. 
TRUSTED PERFORMANCE. 
Thick & Thin Film Resistor Products
• Faithful scheduled deliveries under 2 weeks

• Values from 0.1 Ohm to 100G Ohm

• Abs. tolerance to ±0.005%, matching to ±0.0025%

• TCR’s to ±2ppm/°C, tracking to ±1ppm/°C

• Operating frequencies to 40GHz

• High performance at cryogenic temperatures

• Case sizes to 0101

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

• Zero failures with over 200 million life test hours

• ISO 9001:2000 certified

• Full line of RoHS compliant products  

• 24-hour quote turnaround

Electronic Package Products
• Hi Reliability Hermetic Packages:

• Lightweight glass sidewall flatpacks, SO-8, and SO-14 packages
• Surface mount and plug-in packages
• Metal flatpacks, leadless chip carriers (LCC), ceramic quad flatpacks (CQFP)

• Hermeticity per MIL-STD-883, Method 1014, Condition A4 (less than 10-10 atm cc/sec)

• Plating per MIL-DTL-45204 and QQ-N-290 for standard packages 

(unless otherwise specified)

• Custom design available

• RoHS and DFARS compliant

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

20 David Road, North Attleboro MA 02761-0069

PRECISION PASSIVE COMPONENTS & ELECTRONIC PACKAGES

See us at IMS Booth 818
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TechBrief

fully programmable graphical user 
interface application that can op-
erate multiple attenuators from 
a PC or self-powered USB hub. 
Vaunix supplies LabVIEW driv-
ers, Windows API DLL files and 
a Linux driver, complete with in-
struction manuals for applications 
that require deeper customization. 

Vaunix 
Newburyport, Mass. 
www.vaunix.com/
digitalattenuators/

200 MHz to 6 GHz, 
4-Channel Digital 
Attenuator with 
120 dB Range

The latest and most ad-
vanced Lab Brick digital 
attenuator from Vaunix, 
the LDA-602Q, covers 

200 MHz to 6 GHz and features bi-
directional fixed attenuation and 
swept attenuation ramps and fading 
profiles. The LDA-602Q provides up 
to 120 dB control range, 0.1 dB step 
size and an input IP3 of over 55 dBm. 
Maximum input power handling is 
+28 dBm. Each RF port of this 4-port 
attenuator is matched to 50 Ω, with a 
typical VSWR of 1.3:1. Fast switching 
within 15 μs is typical, and the attenu-
ator is designed to operate reliably 
from −10°C to +50°C.

The LDA-602Q is compact, fitting 
into a single standard rack unit with 
well-spaced 50 Ω SMA female con-
nectors for each RF port. Power and 
control are provided through a stan-
dard USB type-B female interface. 
Two counter-bore holes streamline 
mounting and placement.

This digital attenuator can be used 
in numerous applications, including 
UHF to C-Band wireless automated 
test equipment; MMIO testing; and 
LTE, Bluetooth and SATCOM fading 
simulators.

The Lab Brick LDA series of 
digital attenuators comes with a 
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Catch up on the latest industry news with the bi-weekly  
video update Frequency Matters from Microwave Journal

Sponsored By

Update on 5G Standards  
and Deployment

IMS2018 PreviewCMOS Manufacturing 
Adopts RF GaN on SI

Design of Broadband High- 
Efficiency PAs Based on the 

Novel Series Continuous Modes
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Developing the 5G mobile network may not be the only 
step to a fully functioning Internet of Things, but it is an 
important one — and it comes with substantial performance 
requirements. Simulation ensures optimized designs of 
5G-compatible technology, like this phased array antenna.

The COMSOL Multiphysics® software is used for simulating 
designs, devices, and processes in all fields of engineering, 
manufacturing, and scientific research. See how you can apply 
it to 5G and IoT technology designs.

Visualization of the normalized 3D far-field pattern of a  
slot-coupled microstrip patch antenna array.

IoT calls for fast communication between sensors.

comsol.blog/5G

Visualization of the normalized 3D far-field pattern of a 
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Show Some Brotherly Love 
at IMS2018
Patrick Hindle 
Microwave Journal Editor

T
he IEEE MTT-S International Micro-
wave Symposium (IMS) 2018 returns 
to the east coast after taking place in 
Phoenix, San Francisco and Honolulu 

from 2015 through 2017. It makes its return 
to Philadelphia, taking place June 10-15, af-
ter last visiting the city in 2003. IMS is the 
largest gathering for the RF and microwave 
industry, consisting of a full week of confer-
ence sessions, workshops, short courses, 
panel sessions, student activities, social 
events and commercial exhibitions. In ad-
dition to the normal inclusion of the RFIC 
and ARFTG conferences, IMS is once again 
including the 5G Summit and, new for just 
this year, the 2018 International Microwave 
Bio-Conference (IMBioC 2018), following in 
the theme of this year’s event, “Microwaves, 
Medicine and Mobility.”

IMS is a great place to network and there 
are several nice opportunities to do so, in-
cluding the Welcome Reception on Monday 
at 7:00 p.m. at the famous Reading Terminal 
Market, directly following the Plenary ses-
sion (IMS will parade the attendees to the 
terminal area). On Tuesday at 6:30 p.m., 
there is the Amateur Radio Society event at 
the convention center and at 7:30 p.m. there 
is the Young Professionals networking event 
at Lucky Strike. On Thursday at 7:00 p.m., 
the Women in Microwaves will host a guest 
speaker and networking event at the Phila-
delphia Academy of Fine Arts. Finally, there 
is the three-day exhibition starting Tuesday, 
with the opportunity to meet with industry 
professionals from around the world repre-
senting more than 600 companies.

Philadelphia is the economic and cultural 
center of the Delaware Valley, located along 
the lower Delaware and Schuylkill Rivers. 
The city is just coming off a Super Bowl win 
for the Philadelphia Eagles (over my New 
England Patriots) and NCAA Basketball 
Championship for Villanova, so will likely 
still be celebrating in June. Philadelphia is 
famous for the Liberty Bell and Amish popu-
lation, among other attractions, so make 
some time to get out and see some of the 
historical sites and area attractions. 

Microwave Journal  has put together the 
following summary of the main conferences 
written by the general and technical chairs 
organizing each event. After this article is a 
list of exhibitors by booth number and new 
products section highlighting many of the 
products that will be on display in the ex-
hibition.

IMS2018: 
Microwaves, Medicine, 
Mobility

Sridhar Kanamaluru
IMS2018 General Chair

Welcome to Philadelphia, the city of 
brotherly love! IMS2018 will be held June 
10-15 as part of the IMS Microwave Week of 
conferences at the Pennsylvania Convention 
Center in Philadelphia (see Figure 1). The 
week’s conferences include the customary 
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We put a
YIG on a MMIC*

Your solution to 5G phase noise.
Who knew a micro-sized YIG would be the solution to 5G phase noise? 

Well…we did. At VIDA Products we’ve been designing and producing big YIGs for 
decades. Now we have the smallest size YIG with the lowest tested phase noise. 

Measured PN = -165dBc/Hz at 10 MHz. 

RFIC 2018 in Philadelphia 
Workshop Presentation WSG-5. 

sales@vidaproducts.com
www.vidaproducts.com

VIDA’s micro YIGs have the 
lowest power requirement. 
200mw PS at 8V. 
Ask us to show you.

5G applications will 
explode the market. 
Let’s get there first 
with micro YIGs from 
VIDA Products.

VIDA’s new YIG Oscillator is 
available now. So small 
the wafer can sit on a penny.

VIDA Products price points 
start as low as $99. 
Contact us for a quote.

*Patented technology – Monolithic Microwave Integrated Circuit

Y

X

Measured PN = -165dBc/Hz at 10 MHz. 

Y

X

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



192   MWJOURNAL.COM  MAY 2018

able limitations are overcome by 
a new generation of technologists 
equally adept at microwaves, pho-
tonics and signal processing. MTT-S 
and IMS have taken note of these 
trends, providing ample opportuni-
ties for our attendees to listen, learn 
and participate in what I am sure 
will be an exciting conference. Our 
industry partners (in the exhibition) 
have opportunities to interface with 
the attendees during the Wednes-
day noon through 4 p.m. “Exhibi-
tion Only” time. The Micro-Apps 
Theater and Industry Workshops 
provide additional opportunities 
for IMS partners to highlight their 
products and services. Unique to 
IMS2018, our industry can guide the 
future of talented students, most of 
who specialize on topics that were 
previously mentioned as the amal-
gam for the future, at the Thursday 
“Career Counseling Fair.”

MTT-S and IMS are a global com-
munity and you are a major part of 
it. Your key to this community is the 
IMS Mobile App, available in the 
App Store and Google Play. Start-
ing in 2018, the IMS Mobile App 
will be a portal to everything related 
to IMS—information, registration, 
content downloads and, yes, a so-
cial networking feature that lets you 
opt-in to maintain contact with your 
peers throughout the year. MTT-S 
and IMS will also be reaching out to 
you with announcements and up-
dates via the Mobile App.

dents trying to “listen and learn” 
the latest developments in theory 
and techniques; to researchers and 
practitioners who publish their lat-
est peer-reviewed work to collabo-
rate and “earn” acclaim from their 
peers; to industry partners who 
provide the products and services, 
and must “earn” a good ROI for the 
time and treasure that they invest in 
the exhibition. Finally, and as impor-
tantly, every attendee must “enjoy” 
the IMS Microwave Week that is a 
large annual family get-together—
a worldwide family with a shared 
interest to create technologies that 
improve our everyday lives.

As MTT-S and IMS mature, the 
early discoveries of � eld theory, de-
vice physics and circuit design have 
blossomed to the current age of 
“systems, services and products.” 
IMS2018 focuses, through its theme 
“Microwaves, Medicine Mobility,” 
on two such areas. The � rst area is 
“Mobility,” exempli� ed by the ap-
proaching deployment of 5G ser-
vices and applications. This topic is 
highlighted throughout the week by 
a series of workshops, technical ses-
sions and the one-day 5G Summit 
co-sponsored by MTT-S and Com-
Soc. It is further complemented by 
the 5G Pavilion in our exhibition, 
where industry partners demon-
strate 5G hardware and services, as 
well as educate us at the 5G theater 
“� re-side” chats.

The second area is “Medicine,” 
where our community has provided 
practical solutions and products 
whether they are for diagnostics, 
therapy or tele-medicine. This topic 
is highlighted by the Plenary Session 
talk by Dr. Stephen Klasko, presi-
dent and CEO of the $5 billon Jef-
ferson Health System. Technical, fo-
cus and special sessions; workshops 
and short courses; and Thursday’s 
“Panel with Practicing Physicians” is 
culminated by the IMS Closing and 
IMBioC Opening Session talk by Dr. 
Nicholas J. Ruggiero II, M.D.

Other areas where signi� cant 
development is seen in past years 
include 3D technology and prod-
ucts, radar sensors, large MIMO 
systems and my favorite, “Direct 
Digital RF Transceivers.” In each of 
these areas, hitherto insurmount-

Radio Frequency Integrated Circuit 
(RFIC) Symposium and Automatic 
Radio Frequency Techniques Group 
(ARFTG) Conference, and unique 
to 2018, the 2018 International Mi-
crowave Bio-Conference (IMBioC 
2018). In addition, the 5G Summit 
will co-locate at the event through 
a partnership with Communications 
Society (ComSoc).

As many long-time IMS attend-
ees know, the IMS and the IEEE Mi-
crowave Theory & Techniques Soci-
ety (MTT-S) that organizes the IMS 
have been successful for a very long 
time. For IMS, 2018 is the 61st year 
of technical sessions and the 46th 

year of exhibits. For MTT-S, 2018 is 
the 66th year of its formation. The 
MTT-S has maintained IMS’ leading 
status as the only show in the world 
where exceptional talents that pro-
duce cutting edge technology meet 
to collaborate with a mature indus-
try that produces solutions, services 
and products. There is no other 
event with the size and breadth of 
subjects as the IMS for anyone as-
sociated with RF, microwave and 
mmWave technology and industry.

The IMS success is achieved 
by focusing on the fundamentals, 
something that I call “listen, learn, 
earn and enjoy.” IMS addresses the 
needs of all its attendees—from stu-

 Fig. 1  Pennsylvania Convention 
Center (Courtesy of Pennsylvania 
Convention Center).

IMS2018 Show 
Coverage

Catch our exclusive 
conference information, 
news, social networking, 

photos, videos 
and more at:

mwjournal.com/
IMS2018
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122 Banner Road, Stroudsburg, PA 18360-6433
Tel: 570-424-8400

Solutions@MegaPhase.com  |  www.MegaPhase.com

Test Our Longevity, Measure Our Stability

With the right connections, 
anything is possible.

Whether in the lab, during calibrations, or in production, success depends on cables you can 
count on. MegaPhase cables deliver utmost precision and consistent performance over the long haul.

There’s a MegaPhase cable that precisely fits your test & measurement needs:

VNA Test Port Extension Cables 
High Performance VN Series Cable 
Assemblies
•	Superior	phase	&	amplitude	stability
•	Ultra	precision	measurements
•	DC-70	GHz

RF Orange™ Test Cable
The Industry Standard For Bench Testing
•	Phase	&	amplitude	stable
•	Lowest	cost	per	measurement
•	DC-110	GHz

Killer Bee™ Test Cable
Phase & Amplitude Stability Through 
Ka-Band
•	Ultra	flexible
•	Thermal	stability	from-50	to	+150	C
•	DC-40	GHz

Come see us at IMS –  
Philadelphia, PA  

June 12-14, 2018, Booth 2309

MicrowaveJournal_MP Longevity-Stability.indd   1 4/16/18   1:51 PM
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Do you need Do you need Cost-effective Calibration
Kits for your measurement? for your measurement?Kits for your measurement?Kits

■  T-Probe (DC to 20 GHz)
- GSG, GS Configurations
- 0.8, 1.5, 2.5 mm pitch range
- Pogo pin structure  

Withwave's Compact Calibration Kits offer excellent 
performance characteristics for fine-tuning in production 
environments and quality testing facilities, using 50 ohm 
N-type & 3.5 mm connectors up to 6 GHz and 9 GHz 
respectively. These Cal Kits include all needed calibration 
standards(Open, Short, Load, and Through) in one unit. 
It is the best solution available for ease of use in VNA 
calibration, especially in the field.
We solve your performance and cost problems. 

For more information on these products go to :

sales@with-wave.com  I  www.with-wave.com
Versatile RF & MW Solutions

■  Return loss (Load) : <-38 dB
■  Phase deviation(Open,Short) : <1.5 degree
■  Providing calibration coefficient  for user-defined calibration

Specifications

NEWNEW

3.5 mm Type  
(three-in-one)
(DC to 9 GHz)

3.5 mm Type
(All-in-one)
(DC to 9 GHz)

N-Type 
(DC to 6 GHz)

The RFIC Symposium is an annual IEEE conference 
that is co-located with IMS, ARFTG and the Industry 
Exhibition to form Microwave Week, the largest world-
wide RF/microwave technical meeting of the year. In ad-
dition to the vast array of technical content, attendees 
will have the opportunity to interact with world experts, 
expand their networks and leave invigorated with new 
ideas and a drive to innovate.

RFIC 2018 will begin on Sunday, June 10 with 12 RF-
IC-focused workshops—eight full day and four half-day. 
In addition, there will be several joint RFIC/IMS work-
shops on Sunday and Monday. These workshops cover 
a wide range of advanced topics in RFIC technology 
and IC design, including 5G systems and beyond.

Sunday’s RFIC-focused workshops include the fol-
lowing topics: 
• RFIC Design in CMOS FinFET and FD-SOI
• ICs for Quantum Computing and Quantum Tech-

nologies
• 5G mmWave Power Ampli� ers, Transmitters and 

Beamforming Techniques with Massive MIMO
• eXtreme‐Bandwidth Architecture for RF and mmWave 

Transceivers in Nanoscale CMOS
• Integrated mmWave and THz Sensing Technology 

for Automotive, Industrial and Healthcare
• Advanced Integrated RF Filtering Circuits and 

Techniques
• Synthesizer Design and Frequency Generation/Syn-

chronization Schemes for High Performance Wireless 
Systems

• High Performance WLAN Transceiver Design and 
Calibration Techniques

• High Ef� ciency Power Ampli� cation for Emerging 
Wireless Communication Solutions from Devices to 
Circuits and Systems

• mmWave Systems, Manufacturing, Packaging and 
Built‐In Self-Test

• Towards Direct Digital RF Transceivers
• Ultra-Low Power Transceiver SoC Designs for IoT 

Applications
Following the full day of workshops, the RFIC Plenary 

Session will be held on Sunday evening beginning with 
conference highlights, the presentation of the Student 
Paper Awards and the Industry Paper Awards. The ple-
nary session talks begin with Zachary J. Lemnios, vice 
president of science, technology and government pro-
grams at IBM Research, who will talk about “Compact 
Silicon Integrated mmWave Circuits: From Skepticism 
to 5G and Beyond.” The second talk will be given by 
NXP’s Automotive CTO, Lars Reger, who will share his 
vision on “The Road Ahead for Autonomous Cars—
What’s In for RFIC.” Immediately following the Plenary 
Session will be the RFIC Reception that will highlight 
our industry showcase and student paper � nalists in an 
engaging social and interactive technical evening event 
supported by the RFIC Symposium corporate sponsors. 
You will not want to miss the RFIC Reception this year.

On Monday and Tuesday, RFIC will have multiple 
tracks of oral technical paper sessions as well as the 
popular Interactive Forum poster session (see Figure 

2018
RFIC Symposium Welcome

Walid Ali-Ahmad
RFIC 2018 General Chair

Stefano Pellerano and Waleed Khalil
RFIC 2018 Technical Program Co-Chairs

T
he 2018 IEEE Radio Frequency Integrated Cir-
cuits Symposium (RFIC 2018) will be held in Phila-
delphia from June 10-12. The RFIC Symposium is 
the premier integrated circuit (IC) design confer-

ence focused exclusively on the latest advances in RF, 
microwave and mmWave IC technologies and designs, 
as well as innovations in high frequency analog/mixed-
signal ICs and ultra-low power radios. With a wide range 
of papers from industry and academia, all attendees will 
� nd plenty of relevant and technically interesting topics 
to choose from.
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day with the following topics:
• Building Blocks for 5G Transceiv-

ers
• Advances in Packaging, Model-

ing and Optical Phased Arrays
• Techniques for High Performance 

Frequency Synthesis
• 28 GHz Phased Arrays, Beam-

formers and Sub-Components 
for 5G Applications

• Technology Optimization for RF 
Applications

• ADC-Based RF/Mixed-Signal 
Systems and Wireline Transceiver 
Techniques

• RF Front-Ends for Emerging 
Wireless Paradigms

• Mixed Signal Transmitters and 
Power Ampli� ers

• cm/mmWave CMOS Integrated 
Phased Array Building Blocks

• Ultra-Low Power Radios for Secu-
rity, Ranging and Connectivity

• Silicon Integrated mmWave 
Transmitters

• Highly Ef� cient mmWave Oscilla-
tors with Wide Tuning Range

• mmWave Power Ampli� ers
• Submillimeter Wave and Tera-

hertz ICs
• mmWave Radar and Beamform-

ing Transceivers
• mmWave LNAs and RF Receiver 

Front-Ends
• Wireless Transceivers and Trans-

mitters for Connectivity and Cel-
lular
Enlightening lunchtime panels 

focusing on the Microwave Week 
key themes will be featured on both 
days. The Monday panel session, 
titled “How Will the Future Self-
Driving Cars See? LIDAR versus Ra-
dar,” will cover the state of the art in 
radar and LIDAR technologies and 
attempt to draw contrasts between 
the two approaches in the con-

harmonic rejection and ef� ciency 
enhancement. In addition to 5G, 
the industry push for autonomous 
driving highlights the need for bet-
ter sensing. We also see a trend go-
ing forward with sessions focused 
on automotive radar, IoT and THz 
imaging.

RFIC 2018 has 17 Technical Pa-
per Sessions on Monday and Tues-

2). Beginning in 2017, the theme 
of the RFIC Symposium has been 
on emerging 5G technology. There 
are several 5G-focused sessions 
presenting full microwave and 
mmWave transceivers with integrat-
ed antennas, various beam-steering 
techniques, building blocks for 5G 
and sub-6 GHz circuit techniques 
related to transceiver linearization, 

 Fig. 2  Interactive Forum poster 
session (Courtesy of RFIC Symposium).
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Break away from the pack on your next radar  

system design by teaming up with Integra. You’ll 

achieve leading-edge resolution, range and thermal 

control with our RF power devices offering over 80% 

efficiency, and our high-power experts will help you 

go the distance every time. Let’s get started today.

IntegraTech.com

F I N D  Y O U R  P O W E R

See us at IMS Booth 815
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.

For reprints please contact the Publisher.



198   MWJOURNAL.COM  MAY 2018

IMSBooth#2403

Includes 

Both Male
& Female 

Bushings

SUSTAINABLE SOLUTIONS

REPAIRABLE RF TEST CABLES

Up to 67 GHz

GALAXY GAGE KIT
14 Gages in One

866.409.0400
www.velocitybygte.com See us at Booth #2403 and mention

“Sustainable Solutions” 
for an entry to win a DRONE!

Galaxy
Type N, SMA, 3.5mm, 2.92mm, 

2.4mm and 1.85mm

Includes:
•  Custom Case
•  Guide
•  Wrench
•   Screwdriver 
•  Instructional Video
    on USB Drive

Save Time                Save Money                Save Planet

REPAIRABLE RF TEST CABLESREPAIRABLE RF TEST CABLES

Up to 67 GHz

866.409.0400
www.velocitybygte.com

IMSBooth#2403
TIME
MONEY

PLANET

SAVE

Spring ARFTG 2018
Dominique Schreurs
President and 2018 Spring ARFTG 
Conference Chair

Andrej Rumiantsev and 
Jean-Pierre Teyssier
2018 Spring ARFTG Technical 
Program Committee Co-Chairs

T
he Automatic Radio Fre-
quency Techniques Group 
(ARFTG) is a technical orga-
nization interested in all as-

pects of RF and microwave test and 
measurement. ARFTG was created 
in 1972 to help end users get the 
most from the latest generation of 
test and measurement equipment. 
In the early years, the primary focus 
was on instrumentation automation 
and calibration. In the meantime, 
measurement techniques have 
evolved greatly, and now include 
such diverse topics as: nonlinear 
measurements, production testing, 
temporal measurements, high fre-
quency � xturing and probing, multi-
port network analysis, mixed-signal 
measurements, mmWave and THz 
measurements. The broad range of 
ARFTG interests is re� ected in the 
nature of the conferences.

ARFTG sponsors two confer-
ences each year. The Spring Confer-
ence this year will be a single-day 
conference on Friday, June 15, and 
is co-sponsored by MTT-S and co-
located with IMS. The theme for this 
91st ARFTG Microwave Measure-
ment Conference is “Wideband 
Modulated Test Signals for Network 
Analysis of Wireless Infrastructure 
Building Blocks.”

The topical themes of the confer-
ence are:
• 5G Communications and Beyond
• IoT
• MIMO Measurements
• SATCOM
• RF/Digital Mixed-Signal Mea-

surement and Calibration

bring your engaging opinions and 
questions to both panel sessions as 
they will be highly interactive.

On behalf of the RFIC Steer-
ing and Executive Committees, we 
welcome you to join us at the 2018 
RFIC Symposium in Philadelphia. 
Please visit the RFIC 2018 website 
at http://r� c-ieee.org/ for more de-
tails and updates.

text of self-driving cars. The Tues-
day panel session, titled “Can A 
Residential Wireless Gbps Internet 
Connection Compete with Wired 
Alternatives?,” will convene expert 
panelists to discuss some of the 
technology advancements that are 
enabling Gbps internet connections 
and will debate the merits of both 
the wired and wireless technology 
alternatives. Please make sure to 

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



MWJ/MICABLE/5G/0518 REV 4-19

See us at IMS Booth 1802

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



200   MWJOURNAL.COM  MAY 2018

hibition and interactive forum, 
aid networking with vendors and 
among colleagues, whether re-
searcher or practitioner (see Figure 
4). The conference is preceded by 
the “NVNA Users’ Forum” and the 
“On-Wafer Users’ Forum,” held on 
Thursday afternoon, June 14.

If you have interest in measure-
ments from 1 kHz to 1 THz and 
beyond, be sure to add ARFTG 
2018 to your conference plans 
in Philadelphia in June. You will 
� nd the conference atmosphere 
informal and friendly, which en-
hances interactions and opportuni-
ties for you to learn new ideas and 
to discuss with colleagues. Details 
about the 2018 Spring ARFTG 
Conference program can be found 
at www.arftg.org. Also check out 
www.twitter.com/arftgconference 
for regular updates.

all directions. ARFTG is focused on 
RF measurements, the carrier fre-
quencies and the modulation band-
width for 5G require advanced or 
breakthrough RF measurement ap-
proaches to meet the needs. This 
Spring ARFTG Conference will fo-
cus on these techniques.

Oral technical sessions are single 
track (see Figure 3) and extended 
breakout sessions, combining ex-

• Nonlinear/Large-Signal Measure-
ment and Modeling Techniques

• THz Measurement Techniques
• Adaptive Communications, such 

as Cognitive Radio
• Other topical areas of RF, Micro-

wave, mmWave Measurements
The arrival of 5G is a huge move 

in the electronic communication 
industry. 5G technologies need 
more than state-of-the-art specs in 

 Fig. 4  ARFTG Interactive Forum 
sessions (Courtesy of Lyle Photos, 
Atlanta, Ga.).

 Fig. 3  ARFTG single track technical 
sessions (Courtesy of Lyle Photos, 
Atlanta, Ga.).

IMS2018 Show 
Coverage

Catch our exclusive conference 
information, news, social networking, 

photos, videos and more at:
mwjournal.com/IMS2018
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Always Thinking.

Always Advancing.

Always Thinking

Visit us at IMS 2018 Philadelphia  |  June 12-14  |  Booth 1348

Every mission. Every maneuver. Today’s battlefield is dependent on stable signals. And

the connector can make or break them. Proudly serving the U.S. military for more than

five decades, San-tron continues to think ahead—now offering a breed of connectors and

cable assemblies unlike anything the defense community has seen before. eSeries and other

unique models that are smaller, lighter, tighter, tougher. Designed to deliver reliable signals

under the harshest conditions. Don’t settle for anything less. Visit Santron.com.

Weatherproof

pressurized connectors

Standard or reverse

polarity, enhanced TNCs

High-power 7/16s

featuring Fluoroloy H 

Extreme shock-and- 

vibration-proof Type Ns

High-flex, 20 GHz

eSMAs
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Radar Waveforms for A&D and  
Automotive Radar 

Overcoming the RF Challenges of  
Full-Screen Smartphones

 High-Power RF Measurement:  
Techniques and Methods

Z Power Resistors– 
 High Power and High Frequency without  

Compromise

5G Summit Philadelphia

T
he IEEE MTT-S and ComSoc are partnering to 
hold a special joint 5G Summit at IMS2018 on 
Tuesday, June 12. The Summit will provide a plat-
form for leaders, innovators and researchers from 

both industrial and academic communities to collabo-
rate and exchange ideas regarding this emerging tech-
nology that may help drive the standards and enable 
rapid deployment.

After the successful 5G Summit at IMS2017 in Ho-
nolulu, both MTT-S and ComSoc decided to work to-
gether again to collaborate and organize another 5G 
Summit during IMS2018. The 5G Summit at IMS2018 
is part of a collaboration that puts together the MTT-S 
“hardware and systems” focus with the ComSoc “net-
working and services” focus to address a full system 
view on the topic.

Attendees will be able to register for the 5G Summit 
using the IMS2018 registration site. The 5G Summit will 
be complemented by a 5G Demo Forum on the exhibi-
tion � oor. The 5G Summit program will feature top ex-
perts who will share knowledge and discuss strategies 
and solutions with summit attendees. 

SESSIONS
The morning session of the Summit will start with 

Professor Theodore Rappaport of NYU WIRELESS as 
the opening keynote speaker. Rappaport will provide 
a vision and overview on 5G and beyond. Speakers fol-
lowing the keynote address will cover topics including 
standards, spectrum use, operator and service-provider 
perspectives, infrastructure issues, systems and circuits 
as well as emerging applications. 

The day-long Summit will include a lunchtime panel 
on the “mmWave ICs in Smartphones: What They Will 
Look Like in 2, 5 and 10 Years.” The afternoon session 
will feature Jin Bains from Facebook with a presentation 
titled “Bringing the World Closer Together.” AT&T Vice 
President David Lu will also speak on “AT&T Perspec-
tives on 5G Services.”

Other featured presentations from Huawei, GM, 
Keysight, NI, GLOBALFOUNDRIES and MACOM as 
well as academia will include: Spectrum/Regulatory 
Issues; Infrastructure/Trials and Applications; RFIC/
CMOS Transceivers for 5G; Technologies, Circuits and 
Systems; Design, Test & Measurement Challenges Test-
Bed Services for 5G.

5G SPECIAL DEMOS
There will also be a 5G Demo Forum on the ex-

hibition � oor. Participating companies will have a 5G 
demo kiosk to display their demo and will also pre-
senting in the 5G Pavilion’s theater area. With 5G be-
ing the hottest area in our industry, it makes perfect 
sense to have a dedicated summit covering this area 
of technology.■
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Our new whitepaper presents all of the 
data from our head to head experiments.  

Read it and judge for yourself.

Are you tired of having to re-design your thin film circuits and tune the final assemblies to compensate for the 
imprecision of chemical etching?  There is an alternative: Ion Beam Etching.  The ion beam etching process is 
proven to produce circuits that more faithfully match simulator models and offer near perfect circuit-to-circuit 
performance repeatability.

“Etch accuracy allows first time success in terms of Filter 
Bandwidth.  Standard process (chemical etching) may 
result in re-spinning circuit to correct for errors caused 
by over or under etching of metallization. 

Ion Beam Milling process could lead to reduced 
engineering costs during development and reduced 
recurring costs due to repeatability of etching .” 

-Feedback from a customer who switched to Ion Beam Etching

For over 35 years, Ion Beam Milling has been providing 
ion beam etch services to the microwave, microelectron-
ics and photonics communities.  Our experience in pro-
cess development has enabled us to offer ion beam etch 
quality at prices competitive with chemical etching.

Furthermore, when you compare the performance of ion 
beam etching and chemical etching to the ideal perfor-
mance model produced by a simulator, you’ll come to the 
same conclusion that our current customers have - 
Ion Beam Etching saves you money and time.

850 E. Industrial Park Drive, Manchester, NH
sales@ionbeammilling.com  (603) 644-2326

Circuit-to-Circuit consistency for five filter samples as measured by Anritsu VNA

Ion Beam Etch Chemical Etch

http://www.ionbeammilling.com/seethedifference

See the Precision You Have 
Been Missing In Your Thin 
Film Circuits

Ion Beam Etching

Chemical Etching

See us at IMS Booth 1752
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GaN and GaAs Solid-State Power Amplifiers
for Multi-Function, Radar and EW System Design

Enabling
wideband frequency agility

Enabling
wideband frequency agility

       Whether your application is narrowband, wideband or ultra-wideband,
operating in pulsed or CW mode, CTT’s power amplifiers are an especially
attractive choice for new multi-function frequency-agile systems that effectively
conserve weight, space and power consumption.
       The characteristics of the portion of the electromagnetic spectrum selected
for any of these particular system designs are undoubtably the most important
to the end user, as it has the greatest impact on the type of information
required and received.
       Engineered specifically to meet the stringent requirements imposed by
many modern system designs, CTT’s family of GaN and GaAs-based solid-state
power amplifiers excel in a wide range of applications.
       CTT has delivered production quantities of
amplifiers with power levels from 10 through 200
Watts – and higher – for a variety of multi-function,
radar and EW applications.
       • AMDR    • Shipboard Radar    • AESA Radar
       • VLO/FLO Threats    • New Land Radar    • EW    • UAVs

       More than thirty-seven years ago CTT, Inc. made a strong commitment to
serve the defense electronics market with a simple goal: quality, performance,
reliability, service and on-time delivery of our products.
      Give us a call to find out how our commitment can support your success.
      It’s that simple.

5870 Hellyer Avenue, Suite 70
San Jose • California 95138

Phone: 408-541-0596 • Fax: 408-541-0794
email: sales@cttinc.com

www.cttinc.com

Microwave Technology Leadership
v Power Amplifiers
      • NEW GaN and GaAs Models
      • Radar Bands up to 400W
      • EW Bands up to 200W
      • Pulse and CW
      • Solid-State Microwave Power Modules
      • Rack-Mount Configurations
v Low-Noise Amplifiers
v Up and Downconverters
v Subsystems
v SWaP Optimization
v Custom Engineered Options
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      Aloft Hotel Convention Center
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GaN and GaAs Solid-State Power Amplifiers
for Multi-Function, Radar and EW System Design

Enabling
wideband frequency agility

Enabling
wideband frequency agility

       Whether your application is narrowband, wideband or ultra-wideband,
operating in pulsed or CW mode, CTT’s power amplifiers are an especially
attractive choice for new multi-function frequency-agile systems that effectively
conserve weight, space and power consumption.
       The characteristics of the portion of the electromagnetic spectrum selected
for any of these particular system designs are undoubtably the most important
to the end user, as it has the greatest impact on the type of information
required and received.
       Engineered specifically to meet the stringent requirements imposed by
many modern system designs, CTT’s family of GaN and GaAs-based solid-state
power amplifiers excel in a wide range of applications.
       CTT has delivered production quantities of
amplifiers with power levels from 10 through 200
Watts – and higher – for a variety of multi-function,
radar and EW applications.
       • AMDR    • Shipboard Radar    • AESA Radar
       • VLO/FLO Threats    • New Land Radar    • EW    • UAVs

       More than thirty-seven years ago CTT, Inc. made a strong commitment to
serve the defense electronics market with a simple goal: quality, performance,
reliability, service and on-time delivery of our products.
      Give us a call to find out how our commitment can support your success.
      It’s that simple.

5870 Hellyer Avenue, Suite 70
San Jose • California 95138

Phone: 408-541-0596 • Fax: 408-541-0794
email: sales@cttinc.com

www.cttinc.com

Microwave Technology Leadership
v Power Amplifiers
      • NEW GaN and GaAs Models
      • Radar Bands up to 400W
      • EW Bands up to 200W
      • Pulse and CW
      • Solid-State Microwave Power Modules
      • Rack-Mount Configurations
v Low-Noise Amplifiers
v Up and Downconverters
v Subsystems
v SWaP Optimization
v Custom Engineered Options

ISO 9001:2008
QUALITY
IS9100C

ISO 9001:2008

2018 IMS Conference
Hotel Locations

      Aloft Hotel Convention Center
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3D Glass Solutions ................................................ 1352
3G Shielding Specialties ........................................ 1640
3RWAVE ................................................................ 2110
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A.J. Tuck Co............................................................ 1803
A.T. Wall Co. ............................................................ 909
A-Alpha Waveguide Co. ........................................ 1309
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ACEWAVETECH ..................................................... 2119
ADMOTECH Co. Ltd ............................................... 1934
AdTech Ceramics ................................................... 1937
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Advanced Circuitry International ........................... 2102
Advanced Circuits ................................................. 2625
Advanced Microwave 
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Advanced Switch Techology .................................... 209
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Agile Microwave Technology Inc. ...................1263
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AIM Specialty Materials ........................................ 1057
A-INFO Inc. .............................................................. 353
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Alfred Tronser GmbH ............................................. 1358
Aliner Industries Inc. ............................................. 2049
ALPHA-RLH 
  (Lasers and Microwaves French Cluster) ............. 2051
Altair Engineering ..........................................1609
AMCAD Engineering ............................................. 1231
Amcom Communications Inc. .........................1356
American Beryllia Inc. ........................................... 2724
American Microwave Corp. ............................2317
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Amplical Corp. ......................................................... 553
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Amwav Technology Ltd. ........................................ 1956
Analog Devices Inc. ........................................1725
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Anaren Microwave Inc. ...................................2304
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Anokiwave ........................................................538
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ANSYS Inc. ............................................................ 1025
AO Technologies .................................................... 1102
APA Wireless Technologies .................................... 2725
API Technologies ...............................................503
APMC 2018 ........................................................... 1512
Apple Inc. ................................................................ 219
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Aspocomp Group Plc ............................................. 2427
Association of Old Crows ...................................... 2502
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Astronics Test Systems .......................................... 1440
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Atlanta Micro Inc. ................................................. 2128
Avalon Test Equipment .......................................... 1360
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AWR Corporation (Now NI) ............................1825
B&Z Technologies ...........................................1202
Barry Industries Inc. ................................................ 949
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Besser Associates Inc. .....................................1833
BJG Electronics ...................................................... 1652
Bliley Technologies Inc........................................... 2218
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Boonton .......................................................... 932, 938
Bowei Integrated Circuits Co. Ltd. ......................... 1239
BSC Filters Ltd. .................................................515
Butler Winding (GCG) .....................................1735
C.W. Swift ............................................................... 802
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Caiqin Technology Co. Ltd. ...................................... 441
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Carlisle Interconnect Technologies .......................... 956
CDM Electronics .................................................... 1259
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Centerline Technologies ...................................305
Century Seals Inc. .................................................. 2337
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Charter Engineering Inc. .................................2207
Chen Precision Co. Ltd. .......................................... 2424
Chengdu Filter Technology Co. Ltd. ....................... 2406
Chengdu Heguang Industry Co. Ltd. ...................... 2248
Chengdu Keylink Microwave Technology Co. Ltd. .... 308
Chengdu Ninecharm Technology Co. Ltd. ................ 662
Chin Nan Precision Electronics Co. Ltd. ................. 1060
Chinese Microwave Society ................................... 1512
Chi-Shuai Enterprise Co. Ltd. ................................. 1905
Chongqing Acoustic-Optic-Electric Co. Ltd. ........... 1109
Ciao Wireless Inc. ..............................................902
Cicor Group ........................................................... 2006
Cinch Connectivity Solutions ................................. 1031
Cirexx International Inc. ........................................ 1338
ClioSoft Inc. ........................................................... 1656
CML Microcircuits (USA) Inc..............................551
Cobham ..........................................................1039
Coilcraft Inc. ...................................................1215
Colorado Engineering Inc. ..................................... 2232
Colorado Microcircuits Inc. .................................... 2053
CommAgility ........................................................... 932
Communications & Power Industries .............1149
Component Distributors Inc. ................................. 1161
Compunetics Inc. ..................................................... 248
ConductRF ............................................................ 1650
Connectronics Inc. ................................................. 1241
Copper Mountain Technologies ......................1849
Corning Inc. ....................................................1616
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Crane Aerospace & Electronics .......................2215
Crystek Corp. ......................................................... 1933
CST of America Inc. ...........................................825
CTS Corp. .............................................................. 2114
CTT Inc. ...........................................................1213
Custom Cable Assemblies Inc. ................................. 806
Custom Microwave Components Inc. ...............915
Custom MMIC ...................................................851
Custom-Cal Global Tech Solutions ..................1661
Daa-Sheen Technology Co. Ltd. ............................. 1936
Dalian Dongshin Microwave Absorbers Co. Ltd. .... 1063
Danyang Teruilai Electronics Co. Ltd. ..................... 2431
DAPU Telecom Tech. Co. Ltd. ................................. 1902
dB Control ............................................................... 452
dBm ................................................................1739
Delta Electronics Mfg. Corp. ...........................1403
Delta-Sigma Inc. .................................................... 2408
Design Workshop Technologies Inc. ....................... 2029
DeWeyl Tool Co. Inc. ................................................ 917
Diamond Antenna & Microwave Corp. .................. 1302
Dino-Lite Scopes ................................................... 1708
DITF Interconnect Technology ............................... 1903
DiTom Microwave Inc. ........................................... 1726
Donggan Yuhoo Electronic Technology Co. Ltd. ..... 1062
Dow-Key Microwave.........................................515
Drexel University ..................................................... 260
Ducommun Inc. ...............................................1312
Duet Investment LLC ............................................. 2434
DYCO Electronics (GCG) ..................................1735

Dynamic Engineers Inc. ......................................... 1807
Dynawave Inc. ................................................1817
Eastern Optx Inc. ................................................... 1553
EB Industries ........................................................... 315
ECHO Microwave Co. Ltd. ....................................... 858
Eclipse Microwave Inc. ...................................1806
EGIDE .................................................................... 2108
Elbit Systems ......................................................... 1113
Element Six (UK) Ltd. ............................................ 1908
Elite RF LLC .......................................................307
Eljay Microwave LLC ............................................. 1432
EM Research Inc. ................................................... 2230
EMCO Elektronik GmbH ........................................ 2012
Empower RF Systems Inc. ...............................1048
EMSCAN ............................................................... 1442
EMWorks............................................................... 1002
ENGIN-IC Inc. .......................................................... 437
Epoxy Technology Inc. ........................................... 2132
Erzia Technologies S.L. ....................................2318
ETL Systems .......................................................... 1809
European Microwave Association ......................... 1512
European Microwave Week ............................1842
Evaluation Engineering ......................................... 2117
Evans Capacitor Co. .............................................. 1758
Everbeing Int’l Corp. .............................................. 2425
Everything RF/Microwaves 101 ............................... 536
evissaP Inc............................................................. 1730
Exodus Advanced Communications Corp. ......1704
EXXELIA ................................................................ 2050
EZ Form Cable Corp. .......................................1255
F&K Delvotec Inc. .................................................. 1612
Farran Technology Ltd. .......................................... 2306
FECOA ELASI ......................................................... 2103
FEI-Elcom Tech Inc. ................................................ 2106
Ferrite Microwave Technologies ............................ 1918
Filtronic ................................................................. 2302
Flann Microwave Ltd. ............................................ 2149
Flexco Microwave Inc. ............................................. 318
Focus Microwaves Inc. ....................................2025
Focusimple Electronics Co. Ltd. ............................. 2061
FormFactor ............................................................ 1531
Frontlynk Technologies Inc. ..............................938
FTG Corp. ................................................................ 952
Fuzhou Micable Electronic Tech Co. ................1802
Gap Wireless ......................................................... 1335
Geib Re� ning Corp. ............................................... 1907
General Microwave Corp. ...............................1416
Genmix Technology Co. Ltd. .................................... 963
GEROTRON Communication GmbH....................... 2012
GGB Industries Inc. ............................................... 1317
GigaLane Co. Ltd. .................................................. 2141
Global Communication Semiconductors LLC ......... 1506
Global Test Equipment .......................................... 2403
GLOBALFOUNDRIES ........................................1225
Golden Loch Ind. Co. Ltd. ...................................... 1157
Goodsystem Corp., The .......................................... 1762
Gova Advanced Material Technology Co. Ltd. .......... 906
Gowanda Electronics (GCG) ...........................1735
Greenleaf Corp. ..................................................... 2426
Greenray Industries Inc...................................2104
GVD Corp. ............................................................... 861
Haojin Communication Technologies .................... 2435
Harbour Industries LLC .......................................... 1850
Hebei Sinopack Electronics Technology Co. Ltd. .... 2524
Herley Industries ................................................... 1515
Hermetic Solutions Group ....................................... 433
Herotek Inc. ......................................................812
Hesse Mechatronics ................................................ 919
High Frequency Electronics ..................................... 803
Hirose Electric USA ................................................ 2034
Holzworth Instrumentation Inc.......................1949
HRL Laboratories LLC ............................................ 1206
Huang Liang Technologies Co. Ltd. .......................... 202
Huber+Suhner Inc. ..........................................1116
Hughes Circuits ....................................................... 859
HYPERLABS ............................................................. 654
IEEE 5G Initiative .................................................. 1512

The following list is complete as of April 3, 2018. 
Exhibitors in ORANGE have an ad in this issue.
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INNOVATION STARTS WITH THE 
BUILDING BLOCKS OF TECHNOLOGY

Cobham Advanced Electronic Solutions
www.cobham.com/caes

Visit us at the
2018 International

Microwave Symposium,
Booth 1039!
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RF Morecom Korea ................................................ 2109
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RFMW Ltd. ......................................................1135
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RUPPtronik ............................................................ 2012
Rutgers University ................................................... 260
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Sainty-Tech Communications Ltd. ......................... 1913
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SANTIER ................................................................ 2108
San-tron Inc. ...................................................1348
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Metallix Re� ning Inc. ............................................ 2303
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Ultra-fast fundamental, harmonic & modulated load pull. 
Time domain measurements. Behavioural modeling.

RAPID
Active load pull 

up to 40GHz
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RF AND
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CAPABILITIES
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BROADEST PORTFOLIO 

FOR INSTRUMENTATION, 
COMMUNICATIONS,  

AEROSPACE AND DEFENSE, 
AND INDUSTRIAL 

APPLICATIONS. 

#ADIahead

DISCOVER ADI’S TOOLS AND RESOURCES, AND EXPLORE 
THE INDUSTRY’S BROADEST RF IC PORTFOLIO
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Analog Devices has the capabilities and expertise to deliver the performance you 
need. From dc to beyond 100 GHz, we have the broadest portfolio of over 1000 
single function and integrated products. From narrow band to wideband, our 
products allow you to optimize performance in the shortest possible time.

Full Range of Technology 
Processes, Including CMOS, SiGe, 
BiCMOS, SOI, GaAs, and GaN

analog.com/RFMW

Featured Product Releases:

HMC8205B
0.3 GHz to 6 GHz Wideband 
GaN Power Amplifier
� High PSAT: 45.5 dBm

� High power gain: 19 dB

AD9689
14-Bit, 2.0 GSPS/ 
2.6 GSPS ADC
� Low power, small size

� –3 dB bandwidth of the ADC 
input is 9 GHz

0.3 GHz to 6 GHz Wideband

ADRF5024
44 GHz Silicon Switch
� Ultrafast SPDT switch 

with low insertion loss

� High isolation and input 
linearity

ADL5920
Directional Bridge with 
Dual RMS Detector
� Frequency range: 

9 kHz to 7 GHz

� Directly measures in-line 
power and return loss
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Widest Range of Solutions—from 
Discrete to Highly Integrated

Functional Integration
� Integration for improved performance

� Smaller form factor in a variety of technology and packaging options

� Examples include I/Q modulators with integrated PLLs, mixers with LO amplifiers 
and doublers, and PAs with bias sequencing and regulation

Complete Integration
� All bands, including E-band, V-band, L-band, and S-band with full integration

� Includes combined transmitter and receiver modules

� Narrow band and wideband up to 64 GHz

Single Function
� A complete selection of parts for each component in the RF signal chain

� DC to 100 GHz frequency bands, including narrow band and wideband ICs

� Industry-leading ICs including PLLs, power detectors, amplifiers, and more

Subsystem and Modules
� Includes solutions for automotive, communications, industrial, and aerospace 

and defense applications

� Complete plug and play 24 GHz radar kits

� Military grade high power modules with SWaP benefits
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ADIsimRF
ADIsimRF™ provides calculations for the most 
important parameters within the RF signal chain, 
including cascaded gain, noise figure, IP3, P1dB,  
and total power consumption.

ADIsimPLL
ADIsimPLL™ enables the rapid and reliable 
evaluation of Analog Devices high performance 
PLL synthesizers.

ADIsimFrequencyPlanner
ADIsimFrequencyPlanner enables fast, accurate 
simulation and elimination of integer boundary 
spurs from Analog Devices PLL synthesizers.

ADIsimCLK
Developed specifically for Analog Devices’ range 
of ultralow jitter clock distribution and clock 
generation products, ADIsimCLK™ allows users to 
rapidly develop, evaluate, and optimize designs.

Virtual Eval
Virtual Eval™ accurately models the typical 
performance characteristics of many 
Analog Devices high speed converters.

RF, Microwave, and Millimeter 
Wave IC Selection Guide
Our RF and microwave selection guide is a 
catalog of 1000+ parts, regularly updated 
with new components.

X-Microwave X-MWblocks™

Speed your time to market with drop-in 
modular design blocks to easily build and 
modify RF signal chains.

analog.com/RFMW

Maximizing your resources. Reducing your risk. Getting to market faster. 
Analog Devices supports its broad portfolio with a comprehensive suite of design 
tools. They are engineered to make the RF-to-digital design process easier and help 
you optimize and prototype faster.

The Resources You Need to 
Optimize Your Design 
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Mini-Circuits Booth 203
USB/Ethernet Programmable Attenuator

Mini-Circuits’ RCDAT-
30G-30 is a precision 
programmable attenu-
ator covering an ex-
tremely wide band-
width from 0.1 to 30 
GHz with attenuation 
range from 0 to 30 dB 

in 0.5 dB steps. The device is controlled via ei-
ther USB or Ethernet allowing easy control di-
rectly from the user’s PC or remotely over a 
network. It also allows daisy chaining of up to 
25 attenuators through one USB or Ethernet 
connection to a single master unit.

Ultra-Wideband MMIC Frequency Doubler Die
Mini-Circuits’ CY2-
44-D+ ultra-wideband 
MMIC frequency dou-
bler die converts input 
signals from 7 to 20 
GHz into output signals 
from 14 to 40 GHz. 

This new model’s extremely wide output fre-
quency range makes it suitable for applica-
tions such as 5G, Ka-Band SATCOM, instru-
mentation and more. It has an input power 
range from +12 to +18 dBm and provides low 
conversion loss of 13 dB (typ.). The multiplier 
achieves excellent suppression of fundamen-
tal signal and unwanted harmonics (F1, 20 
dBc or better; F3; 24 dBc or better).

Ultra-Reliable Electromechanical SPDT Switch
Mini-Circuits’ 
MSP2T-26-12+ is an 
ultra-reliable, rugged-
duty, refl ective fail-safe 
SPDT switch, designed 
in break-before-make 
confi guration. The 
switch operates from 

DC to 26.5 GHz and offers extremely long 
switch life up to 10 million cycles, which can 
be extended up to 100 million cycles with rou-
tine factory cleaning. Powered by +12 VDC, 
this model has a typical switching speed of 20 
ms, insertion loss of 0.25 dB and high isola-
tion of 85 dB.

Tiny MMIC SPDT Switch

Mini-Circuits’ MSW2-50+ is a refl ective SPDT 
MMIC switch supporting a wide range of appli-
cations from DC to 5000 MHz. This model pro-
vides extremely fast switching with just 5 ns 
rise/fall time, 0.7 dB insertion loss at mid-
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band, 53 dB isolation and +54 dBm IP3. Pro-
duced using MESFET process on GaAs, the 
switch provides excellent repeatability and 
comes housed in a tiny 3 x 3 mm QFN pack-
age, saving space in dense board layouts and 
minimizing parasitic effects.

Ultra-Wideband Hand-Flex Interconnect Cables
Mini-Circuits’ 086-KM+ 
series of HandFlex™ 
interconnect cables is 
ideal for interconnec-
tion of a wide variety of 
cable assemblies from 
DC to 40 GHz. 2.92 
mm male connectors 

at both ends are ideal for making secure con-
nections in assemblies using 2.92 mm, 3.5 
mm and SMA connector types. Tight minimum 
bend radius of 6 mm makes these cables per-
fect for installations in tight spots, and hand 
formable cable construction allows easy bend-
ing to almost any shape without special bend-
ing tools often needed in semi-rigid cable as-
semblies.

MMIC Directional Coupler

Mini-Circuits’ EDC21-24+ is a MMIC direction-
al coupler with a 21 dB coupling ratio and a 
wide operating frequency range from 4 to 20 
GHz. This model provides ±2 dB coupling fl at-
ness across its full frequency range, 0.7 dB 
mainline loss, 18 dB typical return loss and 
19 dB directivity. The coupler can handle up 
to +15 dBm RF input power (5 minute max.) 
and comes housed in a tiny 4 x 4 mm QFN 
package.

Ultra-Wideband MMIC Frequency Doubler

Mini-Circuits’ CY2-44+ ultra-wideband MMIC 
frequency doubler converts input signals from 
6.2 to 20 GHz into output signals from 12.4 to 
40 GHz. This new model’s extremely wide out-
put frequency range makes it suitable for ap-
plications such as 5G, Ka-Band SATCOM, in-
strumentation and more. It has an input pow-
er range from +12 to +18 dBm and provides 
low conversion loss of 14 dB for input signals 
from 6.2 to 16 GHz, and 17 dB for input sig-
nals from 16 to 20 GHz.

150 W Surface-Mount 2-Way 90° Hybrid
Mini-Circuits QCH-
382+ is a high-power, 
surface-mount 2-way 
90 degree hybrid capa-
ble of handling up to 
150 W RF input power 
for applications over a 
wide bandwidth from 
800 to 3800 MHz. This 

model provides low insertion loss of 0.25 dB, 
and 28 dB port-to-port isolation. With 0.35 dB 
amplitude unbalance and 1.6 degree phase 
unbalance (relative to 90 degrees), the hybrid 
produces nearly equal output signals with 90 
degree phase shift, ideal for I/Q modulators, 
balanced amplifi ers, antenna feeds and many 
more applications.

Ultra-High Dynamic Range MMIC Ampli� er
Mini-Circuits’ PHA-
23HLN+ ultra-high dy-
namic range MMIC 
amplifi er sets the new 
industry standard for 
noise fi gure and IP3 in 
VHF/UHF communica-
tions. This model is 

well matched to 50 Ω from 30 MHz to 2 GHz 
and provides 1.4 dB noise fi gure, +44.4 dBm 
IP3, making it ideal for maximizing sensitivity 
and dynamic range in high performance re-
ceiver applications. It delivers 21 dB typical 
gain with ±1.8 dB fl atness, +28.4 dBm output 
power at 1 dB compression. The amplifi er is 
fabricated using E-PHEMT technology with ex-
cellent repeatability.

Wideband Double Balanced MMIC Mixer

Mini-Circuits’ MDB-44H+ is a wideband, dou-
ble-balanced, level 15 MMIC mixer with an IF 
bandwidth from DC to 15 GHz and LO/RF 
bandwidth from 10 to 40 GHz, supporting a 
wide range of applications including up- and 
down-conversion for 5G, defense radar and 
communications, satellite and more. This 
model provides 8.4 dB conversion loss, 37 dB 
L-I isolation, 37 dB L-R isolation and good in-
put/output return loss over its full frequency 
range without the need for external matching 
components.

www.minicircuits.com

The following booth numbers are complete 
as of April 3, 2018.

AISLE 200

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



MWJ/MC/416REVAQ/0518

416 Rev AQ

Mini-Circuits®

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

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

       

                                   UP TO 100 Watt

AMPLIFIERS
  100 kHz to26.5 GHzNOW!

   
$995ea. qty. (1-9)from

ZVM-273HP+ 13000-26500 14.5 0.5 0.5 2195
ZVE-3W-83+ 2000-8000 35 2 3 1424.95
ZVE-3W-183+ 5900-18000 35 2 3 1424.95
ZHL-5W-2G+ 800-2000 45 5 5 995

ZHL-10W-2G+ 800-2000 43 10 12 1395
ZHL-15W-422+ 700-4200 46 8 15 2295
ZHL-16W-43+ 1800-4000 45 12 16 1595
ZHL-20W-13+ 20-1000 50 13 20 1470

ZHL-20W-13SW+ 20-1000 50 13 20 1595
LZY-22+ 0.1-200 43 16 30 1595
ZHL-30W-262+ 2300-2550 50 20 32 1995
ZHL-25W-63+ 700-6000 53 25  - 8595

ZHL-30W-252+ 700-2500 50 25 40 2995
LZY-2+ 500-1000 47 32 38 2195
LZY-1+ 20-512 42 50 50 1995
ZHL-50W-52+ 50-500 50 63 63 1395

ZHL-50W-63+ 700-6000 59 16 50 16995
ZHL-100W-251+ 50-250 46 63 100 1695
ZHL-100W-GAN+ 20-500 42 79 100 2845
ZHL-100W-272+ 700-2700 48 79 100 7995

ZHL-100W-13+ 800-1000 50 79 100 2395
ZHL-100W-382+ 3250-3850 47 100 100 3595
ZHL-100W-43+ 3500-4000 50 100 100 3595
ZHL-100W-63+ 2500-6000 58 20 100 17995

•

•

•

•
•

•Protected under U.S. Patent 7,348,854 

*Price Includes Heatsink

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

Listed performance data typical, see minicircuits.com for more details
NEW!

NEW!

416_Rev_AQ_100W Amplifier .indd   1 4/3/18   11:25 AM

See us at IMS Booth 203
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AISLES 300-500
Elite RF Booth 307
S-Series Multi-Purpose RF Test System

Elite RF’s S-Series 
multi-purpose RF test 
system is a fl exible al-
ternative to expensive 
and bulky RF test 

equipment. Independent control of each RF 
system allows for maximum test fl exibility and 
the system can be connected to a larger mon-
itor for viewing multiple windows at the same 
time. Models are priced for every budget: 
SA441 ($19,995), SPA441 ($29,995), 
SA1241 ($24,995), SPA1241 ($39,995). Each 
RF system comes with a two year warranty 
and is made in the U.S.
www.eliter� lc.com

Passive Plus Inc. Booth 309
Capacitors

Passive Plus Inc. (PPI) 
is now offering the 
0708N (0.065 × 
0.080 in.) series ca-
pacitor. With vertical 
electrodes which in-
crease bandwidth, 

these capacitors have low ESR/ESL, and high 
self-resonance. Uniquely designed for excel-
lent heat transfer in high RF applications, the 
0708N offers ultra-stable performance over 
temperature. These capacitors are 100 per-
cent RoHS compliant and also available in 
tin/lead termination. Typically used in wireless 
broadcasting equipment, mobile base sta-
tions, GPS, MRI and radar applications.
www.passiveplus.com

LadyBug Technologies  Booth 402
Thermally Stable Wide Dynamic Range 
Power Sensor

LadyBug’s thermally 
stable LB5918A True-
RMS, a 1 MHz to 18 
GHz, wide dynamic 
range power sensor 
delivers fast accurate 
measurements on any 
signal with any modu-

lation including wideband digital signals. Its 
unique two path design delivers better dy-
namic range than many three path sensors. 
SCPI commands and use either USBTMC, 
USBHID or connect directly with I2C or SPI.
www.ladybug-tech.com

Synergy Microwave  Booth 409
Phase-Locked Oscillator

Synergy Microwave 
has developed a 
phase-locked oscillator 
(PLO) product line of 
low-noise, fundamen-
tal-frequency signal 
sources from 100 MHz 

to 15 GHz—and extendable to 30 GHz, when 
using an external Synergy doubler. Even more 
remarkable, these quiet signal sources fi t 
within compact industry-standard 2.25 × 2.25 
in. module housings or on a 1.00 × 1.25 in. 
surface-mount technology (SMT) footprint.
www.synergymwave.com

Teledyne Relays  Booth 525
Indium Phosphide HEMT RF Switch

Teledyne Relays intro-
duces the InP1012-40, 
a new indium phos-
phide HEMT RF switch. 
This SPDT refl ective 
switch has a 10 kHz to 

40 GHz bandwidth, low insertion loss, high lin-
earity and a switching time under 100 ns. The 
InP1012-40 can operate from -65°C to 125°C 
and tolerate up to 100 krads of radiation and 
its 9 mm3 sized fl ip-chip packaging provides 
shock and vibration resistance. These features 
make this RF switch perfect for military and 
space applications, ATE systems and RF and 
microwave communication.
www.teledynerelays.com

Teledyne Storm Microwave  Booth 525
E- and W-Band Test Assembly

Teledyne Storm’s new 
SF047EW cable assem-
bly offers the proven 
durability and robust-
ness of their Storm 
Flex® 047 cable, opti-

mized for broadband operation to 110 GHz with 
1 mm male and female connectors. This minia-
ture, solid core cable has the fl exibility to ac-
commodate a variety of test setups and offers 
consistent, repeatable electrical performance 
with fl exure. Insertion loss stability exceeds the 
VDI/VDE 2622 Part 19 Standard, and the cable 
exhibits 1.30:1 VSWR, typ., to 110 GHz.
www.teledynestorm.com

AR RF/Microwave Instrumentation  Booth 425
U Series Power Ampli� er

AR’s new family of “U” 
(Universal) Series RF 
solid state Class A 
power amplifi ers now 
includes a 100 W am-

plifi er that covers the 100 kHz to 1000 MHz 
frequency range and is ideal for EMC, laborato-
ry use, antenna and component testing, watt 
meter calibration, medical/physics research 
and more. This compact, high performance 
and affordable amplifi er joins a family of prod-
ucts available in 1, 2.5, 10, 25 and 50 W out-
put levels that covers 10 kHz to 1000 MHz.
www.arworld.us/html/18200.asp?id=1409

API Technologies Corp.  Booth 503
OPTO-FIRE™ Optical Core Product Platform

API Technologies will 
be showcasing the 
OPTO-FIRE™ optical 
core product platform, 
a high speed micro-op-
tical transceiver de-

signed for critical data communication systems 
in military, aerospace and oil and gas applica-
tions. The U.K. designed, qualifi ed and manu-
factured optical core platform addresses the 
need for system engineers looking to improve 
performance and reliability while also achiev-
ing reduction in SWaP consumption in harsh 
environments. The optical core offers a re-
placement for traditional copper cabling while 
delivering improved data transfer performance.
www.apitech.com

Dow-Key Microwave Corp.  Booth 515
Commercial (COTS) Switch Matrix

Designed for RF, micro-
wave and audio test ap-
plications in the DC to 
18 GHz frequency 
range, Dow-Key’s matrix 
product line includes 

standard confi gurations ranging from 1 × 100 
to 12 × 12. Packaged in a 19-in. rack-mount-
able enclosure and provided with remote inter-
faces such as ethernet, GPIB, USB and RS-232 
along with a touch screen LCD front panel dis-
play or keypad for manual override. Dow-Key 
uses its own line of coaxial switches for these 
matrices, providing low loss and excellent isola-
tion.
www.dowkey.com

BSC Filters  Booth 515
Filtering Modules

BSC has the 2 to 18 
spectrum covered and 
segmented with its agile 
fi ltering modules. BSC’s 
miniature thin fi lm fi lter 
banks combine high 

performance miniature fi lters with high perfor-
mance switching to provide SWaP advantage. 
BSCs reconfi gurable fi lter bank provides high 
speed (sub 100 ns) adaptive pre-selector func-
tionality in a compact outline.
www.dovermpg.com/bsc� lters

K&L Microwave  Booth 515
Pre-Filtered Low Noise Ampli� ers

K&L Microwave offers 
pre-fi ltered low noise 
amplifi ers for GPS and 
other frequency bands. 
The GPS offering can 
cover L1, L2, L5 or com-

binations of those frequency bands. Gains avail-
able are 16 to 40 dB with noise fi gures typically 
1.8 dB or less. These LNAs are designed for 
harsh military environments with product sup-
plied to many missile applications. Options are 
available with or without limiters. DC inputs can 
be supplied through independent pins or 
through the RF connector by use of a bias T.
www.klmicrowave.com

Pole/Zero  Booth 515
Tunable Bandpass Filter

Pole/Zero’s HF-ERF™ 
tunable bandpass fi lter 
covers the entire HF 
tactical radio band of 
1.5 to 30 MHz while fi t-
ting in a low-profi le 

package measuring 2.00 x 2.78 x 0.60 in. 
(50.8 x 70.61 x 15.24 mm). It has SMT capabil-
ity with tune time and has remarkable selectivi-
ty for a compact device. These bandpass fi lters 
are commonly used in applications where small 
size, low power and high performance are 
needed for military handheld radios, radar sys-
tems, SATCOM and commercial applications.
www.polezero.comContent is copyright protected and provided for personal use only  - not for reproduction or retransmission.
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Anokiwave  Booth 538
mmWave Intelligent Gain Blocks

Anokiwave is redefi n-
ing traditional single 
function gain blocks 
with multi-function sili-
con ICs offering com-
plete T/R functionality 
and active gain and 
phase control. The ICs 
offer versatile RF 

blocks that can be used in wide range of de-
signs across SATCOM, radar, 5G communica-
tions and mmWave sensing in Ku- and Ka-
Bands. The AWMF-0117 operates at 10.5 to 
16 GHz and AWMF-0116 operates at 26 to 30 
GHz. Both ICs feature 6-bit phase/gain control 
and are packaged in a 2.5 x 2.5 mm WLCSP.

3GPP Compliant Quad Core ICs
Ready for 3GPP com-
pliance? Anokiwave’s 
new 2nd generation 5G 
silicon active antenna 
IC family at 26, 28 and 
39 GHz enable 3GPP 
compliant 5G basesta-
tions. The ICs each 

support four radiating elements, include gain 
and phase control for analog RF beam steer-
ing and enable low-cost hybrid beamforming 
with high energy effi ciency and fast beam 
steering™. The 2nd generation IC family is part 
of Anokiwave’s on-going strategy to commer-
cialize 5G mmWave systems with silicon ICs.

Silicon ICs
From IC to array, Anoki-
wave enables your 5G 
system. Anokiwave of-
fers highly integrated 
silicon ICs with embed-
ded functions for re-
mote telemetry fast 
beam steering™ at all 
major mmWave 5G 

bands—24/26, 28 and 39 GHz. The company 
also offers active antenna innovator kits, based 
on their ICs to demonstrate the performance 
achievable using low power silicon integration 
and effi cient antenna layout and design.
www.anokiwave.com

L3 Electron Devices  Booth 535
MPMs

L3 Electron Devices’ MPMs are super components that combine a solid 
state driver amplifi er with a micro-TWT and a power supply in one pack-
age that is much smaller, lighter and more effi cient than a comparable 
TWTA or SSPA. L3 MPMs are available in bands from 2 to 95 GHz with 
output powers from 40 to 200 W. All L3 MPMs are optimized for de-
manding defense applications that require small, lightweight and envi-
ronmentally rugged, high-power microwave amplifi ers.

www2.l3t.com/edd

L3 Narda-MITEQ  Booth 535

Low Noise Ampli� er
L3 Narda-MITEQ’s new low noise amplifi er Model JDM1-38004200-40-
10P covers a frequency range of 38 to 42 GHz with broadband perfor-
mances across the entire Q-Band. It features ultra-low noise with gain 
choice, variable I/O interface options, a dual DC power supply and a 
compact, lightweight package. Lower power models are also available 
with single supply. This model offers superior performance and is excel-
lent for use in SATCOM, telecommunications, test instrumentation, trans-

ceiver subassembly applications and more.
www.nardamiteq.com

AISLE 500

TechPlus Microwave  Booth 550
1U High VHF Duplexer

The TM1003 is a VHF 
duplexer operating be-
tween 135 to 172 MHz 
which will fi t in a 1U 
19-in. rack mount. 
Space is a premium so 
the company designed 

this duplexer with the lowest profi le possible. 
T/R spacing, 5 MHz min., passband, 500 KHz 
min., insertion loss, 3.6 dB max. Return loss 
20 dB min., rejection at Fc ± 20 MHz 60 dB 
min. Max power 40 W. They also make a 
bandpass version.
www.techplusmicrowave.com

IMS2018 Show Coverage
Catch our exclusive conference information, news, social 
networking, photos, videos and more at: mwjournal.com/IMS2018
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AMCOM offers a variety of GaN MMICs with different power levels and operating 
frequencies. Our GaN MMICS are offered in different forms such as bare die and 
packaged. This table summarizes AMCOM’s recent releases: 
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For more detailed information please visit: 
www.amcomusa.com 

________________________________________________________________________________ 
401 Professional Drive 
Gaithersburg, MD 20879 

 
Email: info@amcomusa.com 

Phone: 301-353-8400 
Fax: 301-353-8400 
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Where RF connectors are concerned, the Telegärtner brand – with more than 70 years 
experience behind it – belongs to the top addresses worldwide.  As well as offering a broad 
range of standard products, Telegärtner also manufactures special customised connectors to 
exact customer requirements. The complete standard range of connectors can be seen under: 
www.telegaertner.com.

The right solution for 
every requirement.

RF Components
RF Connectors, RF Adaptors, RF Cable Assemblies

Telegärtner    Lerchenstr. 35                   Tel.:    + 49 (0)7157 125-0             Email:    info@telegartner.com
Karl Gärtner GmbH   D-71144 Steinenbronn      Fax:    + 49 (0)7157 125-5120       Web:     www.telegaertner.com

COAX 
Online-ConfiguratorOnline-Configurator
www.telegaertner.com/coaxconfig/en

Create your coaxial cable assembly online. 

RF-Lambda USA LLC  Booth 749
300 W 6 to 18 GHz Solid State Ampli� ers

RFLUPA06G18GG RF- 
Lambda announces a 
new high-power wide-
band solid state power 

amplifi er that is currently in production and will 
be ready in the third quarter of 2018. This ampli-
fi er is fi rst of its class with 300 W of power and a 
frequency band that covers 6 to 18 GHz. The 
unit comes equipped with multiple protection 
features such as input over drive, over current 
and over temperature shutdown making it ideal 
for EMC, Vsat, test and radar applications.

2 to 6 GHz Wideband Power Ampli� er
RFLUPA02G06GC is an 
ultra-wide band solid 
state power amplifi er 
covering 2 to 6 GHz with 
a saturated output pow-

er of 100 W. The nominal gain is 47 dB, with a 
typical Psat of 50 dBm.

18 to 47 GHz Wideband Power Ampli� er
RFLUPA18G47GE is a 
wideband solid state 
power amplifi er cover-
ing 18 to 47 GHz with a 
saturated output power 

of 3 W. The nominal gain is 47 dB, with a typi-
cal Psat of +35 dBm.
www.r� ambda.com 

50 Ohm input and output impedance charac-
teristics. Their superb performance makes 
them well suited for the most demanding wire-
less frequency applications. The LPF 1206 fi l-
ter series is supplied in tape and reel making 
them fully compatible with high speed auto-
mated pick-and-place manufacturing.
www.atceramics.com

Qorvo  Booth 725
GaN on SiC RF Transistor

Introducing Qorvo’s 
QPD1025 for IFF avi-
onics applications. It is 
the highest powered 
GaN transistor on the 
market. The QPD1025 

is a dual-channel 1.8 kW, 1 to 1.1 GHz GaN on 
SiC transistor in the 41 x 10 mm Ni-1230 pack-
age. The transistor comes in eared and earless 
package confi gurations. At 65 V, each side deliv-
ers a max of 900 W at 1 GHz, for a combined 1.8 
kW. Peak effi ciency at loadpull is 77 percent. Lin-
ear gain in the application board is 21 dB.
www.qorvo.com

Rohde & Schwarz  Booth 649
Inline Calibration Units

Rohde & Schwarz pres-
ents the R&S ZN-Z32 
and R&S ZN-Z33 inline 
calibration units for its 
R&S ZNB(T), R&S ZVA 
and R&S ZVT vector 
network analyzers. The 

calibration units are ideal for satellite compo-
nent testing in thermal vacuum chambers 
(TVAC) and for multiport component testing on 
production lines. The R&S ZN-Z32 covers the 
frequency range from 10 MHz to 8.5 GHz, the 
R&S Z33 from 10 MHz to 40 GHz. They are 
controlled by an R&S ZN-Z30 CAN bus control-
ler, which supports up to 48 units.
www.rohde-schwarz.com/press/analyzers

American Technical Ceramics  Booths 707, 713
Thin Film Low Pass Filter

ATC’s new 1206 HP 
LPF Series high perfor-
mance thin fi lm SMT 
low pass fi lters offer 
superb high frequency 
performance in a low 
profi le EIA style pack-
age. This series offers 

sharp cut-off response, excellent stopband re-
jection, low passband insertion loss with 

AISLES 600-700

See us at IMS Booth 2112
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AISLES 800-900
Custom MMIC  Booth 851
MMIC SP5T Switches

The CMD235C4 and 
CMD236C4 are DC to 
18 GHz broadband 
MMIC SP5T switches. 
They are ideally suited 
for high performance 
military and instrumen-
tation applications, 

both switches provide a switching speed of 
around 60 ns and an input P1dB of 21 dBm. 
They feature binary decoder circuitry that re-
duces the number of logic control lines, from 
three to two for the SP3T and from fi ve to 
three for the SP5T.

GaN MMIC LNAs
The CMD276C4, 
CMD277C4 and 
CMD278C4 GaN MMIC 
LNAs deliver high lin-
earity performance 
with output IP3 of +32 

dBm while offering high input power handling 
of 5 W. The high input power handling feature 
enables system designers to avoid limiters and 
other protection networks, while still achieving 
extremely low noise fi gure over the operating 
bandwidth. These new MMIC LNAs are housed 
in a leadless 4 x 4 mm QFN package.
www.custommmic.com

SV Microwave  Booth 903
PCB Coaxial Interconnects

SV Microwave just 
launched their unique 
line of 3 mm between 
board spacing PCB co-
axial interconnects. 
This line allows for the 

lowest stacked height (3 mm) of any board-to-
board high frequency RF connection system. 
SV’s 3 mm product line is ideal for high densi-
ty stacked and multiport applications and is 
available in an optional solderless design that 
reduces yield and assembly time. Additionally, 
COTS versions are readily available through 
distribution.
www.svmicrowave.com/new-product/3mm-board-
board-interconnects

Wenzel Associates Inc.  Booth 907
Multiplied Crystal Oscillators to 16 GHz

Ultra-low phase noise 
and excellent spectral 
purity are the main 
characteristics provid-
ed in Wenzel Associ-
ates’ Multiplied Crystal 
Oscillator (MXO) series 
of products at fi xed 

frequencies between 200 MHz and 16 GHz. 
This versatile product line allows the custom-
er to specify the exact frequency needed and 
select specifi c options such as phase locking 
with an external or internal reference, high 
output level, base oscillator output and multi-
ple outputs along the multiplier string. Basi-
cally, a customized low noise frequency 
source without the cost of NRE.
www.wenzel.com

Custom Microwave Components  Booth 915
12-Channel Attenuator/Monitor

Each of the 12-chan-
nels contains an atten-
uator in series with a 
solid-state sampler/
amp switch (SAS) mod-
ule. The attenuator 
modules provide inde-
pendent control of 
their respective chan-
nel’s loss by 70 dB in 
0.5 dB steps. The SAS 

modules resistively samples the respective 
channel’s output and selects/deselects the 
sample’s routing to the monitor port for signal 
analysis.
www.customwave.com

Anritsu  Booth 925
Signal Analyzer

Signal Analyzer 
MS2850A is a spec-
trum/signal analyzer 
with max. analysis 

bandwidth of 1 GHz and frequency range of 
9 kHz to 32 GHz or 44.5 GHz. With a wide dy-
namic range up to > 140 dB and excellent 
amplitude/phase fl atness, it provides high-
end performance at a mid-range price for im-
proved cost-of-test. Software options provide 

Herotek  Booth 812
Limiter

Herotek offers a wide 
range of high-power 
limiters. Model 
LS0812PP100A is a 

100 W CW limiter operating from 8 to 12 GHz 
with 1 kW peak, 1 µs pulse width limiting pro-
tection. It has a low insertion loss of 2 dB and 
2:1 VSWR with typical leakage of +13 dBm at 
100 W CW input. This limiter comes in a her-
metically sealed package with removable con-
nectors for drop in assemble and designed for 
both military and commercial applications.
www.herotek.com

Integra Technologies Inc.  Booth 815
GaN/SiC Power Transistors, Power Ampli� er 
Components and Integrated PAMs

Integra Technologies 
Inc. is dedicated to 
helping radar system 
engineers meet their 
goals for the highest 
resolution and most 
dependable signal 

transmissions. Among Integra’s latest prod-
ucts released are a number of L-, S-, C- and X-
Band high-power, highly effi cient, GaN/SiC 
power transistors, power amplifi er compo-
nents and integrated power amplifi er modules 
(PAMs, aka “pallets”). Integra offers expertise 
in solving long range pulsed RF and micro-
wave challenges and will customize any of 
their 100+ standard devices to suit your 
unique application requirements.
www.integratech.com

CST of America  Booth 825
CST STUDIO SUITE® 2018

From initial concept to 
fi nal prototype, every 
stage of product devel-
opment means balanc-
ing multiple require-
ments; performance, 
reliability and cost on 

the one hand, and specifi cations, legal regula-
tions and deadlines on the other. New fea-
tures in the 2018 version of CST STUDIO 
SUITE® focus on system and hybrid simula-
tion, enabling new workfl ows for system-level 
analysis such as electromagnetic compatibili-
ty (EMC), installed performance and biological 
exposure. Connect the dots of your design, 
see the full picture and develop the potential 
of your ideas with CST STUDIO SUITE® 2018.
www.cst.com

Signal Microwave  Booth 863
Solderless Connectors

Signal Microwave’s 
VLF40-002 is a 2.92 
mm connector system 
mounted on RF boards 
using screws, no sol-
dering required. The 
rear of the connector 

makes contact to vias in the board using a 
raised grounding ring and center pin. The vias 
are used to carry the signal into the board to a 
stripline circuit inside the board or microstrip/
GCPW on the back side of the board.
www.signalmicrowave.com

Ciao Wireless Inc.  Booth 902
1 to 40 GHz Ampli� er with Detected Output

Ciao Wireless Inc. has 
introduced an ultra-
broadband amplifi er 
which features an inte-
grated wideband de-
tector for communica-
tion applications. This 

amplifi er comes with two min. gain options of 
30 dB min. (35 dB typ.) and 15 dB min. (20 
dB typ.). The gain fl atness is ±3.25 max. The 
typical output power is +13 dBm across 1 to 
28 GHz. The input and output VSWR is 2.3 or 
better. The typical noise fi gure is 6 across the 
full band (1 to 40 GHz).
www.ciaowireless.com

IMS2018 Show 
Coverage

Catch our exclusive conference 
information, news, social networking, 

photos, videos and more at:
mwjournal.com/IMS2018
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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.

FEKO for Integrated Antenna Design
Fully Hybridized for Optimal EM Simulation Efficiency

SIMULATION-DRIVEN INNOVATION™Learn more at altairhyperworks.com/FEKO

See us at IMS Booth 1609
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AISLES 900-1100
Cobham Advanced Electronic 
Solutions  Booth 1039
Miniature Synthesizer Demonstration Kit

Cobham, a provider of 
high performance fre-
quency and signal gen-
eration products, intro-
duces the Model 1018 
miniature synthesizer 
and demonstration kit. 

The 1018 is great for calibration, testing and 
simulation of tactical radar and electronic 
warfare platforms. It is a high performance so-
lution in a small, lightweight package, priced 
for tactical applications and easy to integrate.

Waveguides
Cobham offers indus-
try-leading custom rig-
id, rigid-fl exible assem-
blies and extra-long 
waveguides with com-
plex shaping, while in-

corporating high electrical performances and 
specializing in custom bracketry and integrat-
ed waveguides from cast to 3D printed to hy-
brid. Cobham is excited to introduce its new 
product line of lightweight, high frequency Q-, 
V- and U-Band waveguide to enable the next 
evolution of SATCOM payloads for future con-
stellations providing world-wide connectivity.
www.cobham.com

engineers with a cost-effi cient and accurate 
solution to verify RF Tx characteristics of next-
generation 5G base stations and mobile de-
vices, SATCOM equipment and wideband com-
munications systems.
www.anritsu.com/en-US/test-measurement/
products/ms2850a

Rogers Corp.  Booth 939
AD300D and IM Series Laminates

The IM Series high fre-
quency laminates are 
an outstanding Pas-
sive Intermodulation 
(PIM) performing ver-
sion of its AD300D™, 
AD255C™ and DiClad® 
880 antenna grade 

laminates. The laminates now include the 
newly developed IM system option. This prod-
uct utilizes an ultra-smooth (Rq = 0.5 µm by 
non-contact interferometry method) electrode-
posited copper foil option which has excellent 
adhesion to the substrate materials. The PIM 
performance of all substrates with the IM 
cladding has typical values of -166 dBc at 
0.030" and -165 dBc at -060" using the Rog-
ers internal test method of two 43 dBm swept 
tones at 1900 MHz. These specialty materials 
are specifi cally engineered and manufactured 
to meet the demands of today’s base station 
antenna markets.
www.rogerscorp.com

Aethercomm  Booth 1012
GaN RF Ampli� er

Aethercomm introduc-
es a high-power, super 
broadband, GaN RF 
amplifi er that operates 
from 20 MHz to 6 GHz. 
This power amplifi er is 

ideal for broadband military platforms as well 
as commercial applications because it is ro-
bust and offers high-power over an extremely 
large bandwidth with decent power added effi -
ciency. This amplifi er is packaged in a modu-
lar housing that is approximately 5 x 5 x 2 in. 
The weight of this unit is ~3.5 lb max.
www.aethercomm.com

Richardson RFPD  Booth 1014
High-Power SDR/Small Cell Developers Kit

Developing platforms 
that seamlessly inte-
grate the baseband 
SoC, RF transceiver IC, 
and RF front-end in a 
small cell system is a 
complex, time-consum-

ing task that requires careful planning to 
achieve max. system fl exibility. Richardson 
RFPD’s development kit offers an alternative 
to get your solution to market faster. This com-
plete kit includes a high-power RF front-end 
board combined with existing ADI FPGA and 
transceiver tools.
www.richardsonrfpd.com

Morion Inc. Booth 1107
Ultra Precision OCXO

Morion released the 
MV336M, ultra preci-
sion OCXO with ultra-
low short-term stabili-
ty, phase noise and ex-
cellent temperature 
stability in a 92 x 80 x 
50 mm package. Avail-

able with a frequency of 10 MHz, the MV336 
has phase noise of < -93 dBc/Hz at 0.1 Hz 
and -120 dBc/Hz at 1 Hz, short-term stability 
< 1E-13 at 1 sec and < 3E-13 until 100 sec 
which is accompanied by temperature stabili-
ty of < 4E-11 vs. -10…+70°C. The MV336M 
operates at 12 V.
www.morion-us.com

HUBER+SUHNER  Booth 1116
PSM Connectors

To meet the increasing 
demand of cost and 
weight sensitive appli-
cations in the aero-
space market, 
HUBER+SUHNER intro-

duces the Power Sub-Miniature (PSM) inter-
face, offering power levels equivalent to a stan-
dard TNC interface without exceeding the enve-
lope and mass of 50 percent smaller and lighter 
SMA connectors. The PSM interface will enable 
customers to maximize connector density and 
minimize weight to reduce the overall system 
footprint without sacrifi cing on power handling 
capability.
www.hubersuhner.com

Empower RF Systems  Booth 1048
Tri-Band Ampli� er

Empower RF model 
2198 is a solid state 
tri-band amplifi er in a 
single 3U chassis ideal 
for general purpose 
lab and production line 

test applications. With user selectable modu-
lation and power output modes this amplifi er 
integrates easily into any test system and sim-
plifi es test setups with selectable AGC and 
ALC modes. The amplifi er is ready to go out of 
the box with its built in browser GUI so there is 
no software to install for PC or Lan control.
www.empowerrf.com

SAGE Millimeter  Booth 1103
Dual Polarized Scalar Feed Horn Antenna

Model SAF-2434231535-358-S1-280-DP is a dual polarized, WR-28 sca-
lar feed horn antenna assembly that covers several popular 5G bands in 
the frequency range of 24 to 42 GHz. The antenna features an integrat-
ed orthomode transducer (OMT) that provides high port isolation and 
cross-polarization cancellation and a broad band scalar horn that pro-

vides low sidelobe levels. At center frequency, the horn antenna exhibits 15 dBi nominal gain 
and a typical half power beamwidth of 35 degrees and -25 dB sidelobe levels, respectively.

Full E-Band Power Ampli� er
Model SBP-6039032012-1212-E1 is an ultra-broadband power amplifi er 
with a typical small signal gain of 20 dB and P1dB of +12 dBm in the 
frequency range of 60 to 90 GHz. The saturated output power of the am-
plifi er is +16 dBm. The mechanical confi guration offers an inline struc-
ture with WR-12 waveguides and UG387/U-M fl anges. Other port confi g-
urations, such as with 1 mm connectors or the right angle structure with 
WR-12 waveguides, are also available under different model numbers.
www.sagemillimeter.com

IMS2018 Show 
Coverage

Catch our exclusive conference 
information, news, social networking, 

photos, videos and more at:
mwjournal.com/IMS2018
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Krytar Inc.  Booth 1203
Hybrid Copuler

New 90 degree cou-
pler, Model 3040440, 
delivers exceptional 
versatility from 4 to 44 
GHz. Specifi cations in-
clude 3 dB coupling; 
amplitude imbalance: 

±1.2 dB; phase imbalance is ±12 degrees; 
isolation is > 13 dB (4 to 30 GHz) and > 8 dB 
(30 to 44 GHz); max. VSWR: 1.65 (4 to 30 
GHz) and 1.90 (30 to 44 GHz); and insertion 
loss of < 3.2 dB. The coupler comes with 2.4 
mm female connectors and measures just 
1.99 x 0.80 x 0.42 in. and weighs only 1.5 oz.
www.krytar.com

Pivotone  Booth 1212
RF Filter/Duplexer/Combiner

Pivotone announces 
the release of series of 
RF fi lter/duplexer/
combiner products 
with exceptional low 
PIM performance. 

These low PIM products are designed to be 
used in the PIM measurement equipment and 
the wireless communication systems. Their 
products cover all the wireless frequency 

MiniRF Inc.  Booth 1135
CATV Coupler

MiniRF Inc. has 
reached 40 not in 
years of business but 
in dB of isolation in its 
new 75 Ohm CATV cou-
pler designed for full 
duplex systems. MRF-
CP0016 coupler has 
achieved what switch-

es only dream of with 40 dB typ. isolation up to 
780 MHz between ports with only ~1 dB main 
line loss and 8 dB ± 0.5 dB nominal coupling. 
The performance is achieved in its small 0.25 x 
0.28 in. surface-mount package.
www.minirf.com

RFMW  Booth 1135
RF Power Limiter

pSemi’s PE45361 RF 
power limiter handles 
100 W of pulsed input 
power from 10 MHz to 
6 GHz. Its monolithic 
structure is 8× small-
er than discrete, PIN-
diode solutions and 

eliminates thermal hysteresis. The adjustable 
limiting threshold is set from +7 to +13 dBm 
via a low current control voltage, eliminating 
the need for external bias components. Fast 
response time of < 1 ns ensures instanta-
neous protection of sensitive components and 
rapid return to normal operation. Highly fl exi-
ble and highly linear, it delivers simple, repeat-
able and reliable receiver protection.
www.rfmw.com

AISLES
1100-1200

MACOM  Booth 1125
Low Phase Noise Ampli� ers

MACOM’s new family 
of low phase noise am-
plifi ers includes the 
MAAL-011151-DIE, an 
easy-to-use, wideband 
distributed amplifi er 

ideal for test and measurement, EW, ECM and 
radar applications where low phase noise and 
drive power are required. Operating from 2 to 
18 GHz, this device provides -154 dBc/Hz of 
phase noise at 1 KHz, 17 dB of linear gain, 
16 dBm of P1dB and 4 dB of noise fi gure at 8 
GHz. The input and output are fully matched to 
50 Ohms with typical return less of > 15 dB.

Internally-Matched Power Detector
MACOM’s MADT-011000 is a single-ended, in-
ternally-matched power detector featuring 

optimal wide input 
bandwidth and high 
dynamic range of 30 
dB. Operating from 5 
to 44 GHz, this device 

is well suited for power control in microwave 
radios, test and measurement equipment and 
radar applications. The circuit consumes 70 
µA from a 4.5 V supply, while matched detec-
tor and reference diodes provide temperature 
compensation in differential operation.
www.macom.com

Quest Microwave  Booth 1130
Ferrite Devices

Quest Microwave pro-
vides a broad range of 
ferrite devices for the 
global microwave elec-
tronics marketplace. 
Standard and custom 
designs are available 

for both commercial and military applications. 
With over 60 years of combined experience, 
the company’s engineering staff can design 
and develop ferrite devices for virtually any ap-
plication. They are there to provide you with a 
world class microwave components solution.
www.questmw.com

Spectrum Elektrotechnik GmbH  Booth 1130
Hermetically Sealed Adapters

Spectrum Elektrotech-
nik GmbH offers a 
wide range of hermeti-
cally sealed adapters 
to the hermeticity of 
10-8 atm. cm³/s min. 
The adapters use 
fused in glass seals 

between center contact and outer conductor. 
This ensures complete hermeticity of the 
units. The adapters are normally used at vacu-
um chambers testing products that are in-
tended for outer space with the testing equip-
ment and the personnel staying at regular en-
vironment. Available connector styles are 1.85 
mm, 2.4 mm, 2.92 mm, N and TNC.
www.spectrum-et.org
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RelComm Technologies Inc.  Booth 1257
RRDL-SC-Series 1P2T

RelComm Technolo-
gies compliments its 
product line with a 
high performance 
1P2T coaxial relay con-
fi gured with “SC” type 
connectors and excel-

lent RF performance up to 6 GHz. CW power 
rating is 1500 W at 1 GHz and 600 W at 6 
GHz. Operating temperature range is -30°C to 
+70°C. The relay is available in failsafe, latch-
ing and multi-throw confi gurations and is fully 
RoHS compliant. Options include position indi-
cators, D-SUB header, splash-proof sealed 
and TTL controlled input.
www.relcommtech.com

Ducommun  Booth 1312
E-Band Block Down-Converter

Model SNG-12-01 is a 
full E-Band block 
down-converter that 
extends testing capa-
bilities for low cost, low 
frequency noise fi gure 
meters; allows noise 
fi gure testing of 
E-Band devices with-

out noise fi gure meter, using the Y factor 
method. It is versatile in low cost designs; 
Model SNG-12-01 is an affordable expansion 
to mmWave laboratories that do not have the 
budget for large scale equipments. Featuring 
low spurious/harmonics, low LO frequency 
and power requirement and is compact and 
lightweight.
www.ducommun.com

bands all over the world. The PIM perfor-
mance of fi lter/duplexer/combiners for mea-
surement applications has reached the level 
of -127 dBm with two 40 W tones, and for the 
wireless applications the PIM performance 
has reached -130 dBm with two 20 W tones.
www.pivotone.com

CTT Inc.  Booth 1213
40 W X-Band GaN Power Ampli� er

CTT’s new solid-state 
GaN-based power am-
plifi er, model AGX/180-
4656, covers 3 to 18 
GHz with 40 W of CW 
power output. The 
compact size of 5.16 x 

4.90 x 0.28 in. offers RF/microwave design-
ers an excellent choice for SWaP solutions for 
many EW applications, including jammers, 
and for use as a TWT (traveling wave tube) 
driver amplifi er.
www.cttinc.com

LPKF Laser & Electronics  Booth 1216
LPKF ProtoLaser U4

The ProtoLaser U4 is a 
versatile and easy-to-
use lab system to in-
stantly create intricate 
RF and microwave cir-
cuits with superior ac-
curacy and defi nition. 
The system uses a 
tool-less laser direct 
ablation method and 
works straight from 

CAD data. With its high-power, short-pulse UV la-
ser (355 nm) and 20 µm spot size, it can pro-
cess a wide range of materials including fl ex cir-
cuits (e.g., DuPont Pyralux TK), Rogers, Taconic, 
FR4, ceramic (Al2O3) and many others.
www.lpkfusa.com/pls

GLOBALFOUNDRIES  Booth 1225
HP SiGe Technologies

High performance (HP) 
SiGe solutions are de-
signed to deliver the 
best performance/
power ratio while lever-
aging cost-effective, 
silicon-proven 90 and 
130 nm technology 
nodes, at mask costs 

signifi cantly lower than RF CMOS. With NPN 
fMAX as high as 370 GHz, 100× lower 1/f 
noise than CMOS and the higher breakdown 
voltages associated with bipolar devices—re-
sulting in higher power output-drive capabili-
ty—HP SiGe technologies are an ideal match 
for 5G mmWave, optical/wireless/wired and 
radar/LIDAR applications.
www.globalfoundries.com

AISLES 1200-1500
Cernex Inc.  Booth 1406
Benchtop Ampli� ers

Cernex’s benchtop am-
plifi ers are designed 
for use in a wide range 
of general purpose ap-
plications such as lab-
oratory test equip-
ment, instrumentation 

and other applications. Reliable operation is 
achieved using rugged stripline circuit con-
struction with selected GAsFETs, PHEMTs and 
MIMICs.
www.cernex.com

General Microwave Corp.  Booth 1416
Indirect Synthesizers

Kratos General Micro-
wave enhanced its se-
ries of fast switching 
(1 usec) indirect syn-
thesizers with the ad-
dition of the Model 
SM6220 with frequen-

cy modulation capability covering the full 
band 2 to 20 GHz. It can provide a frequency 
deviation of 1 GHz at up to a 10 MHz modula-
tion rate and can be modulated with either 
analog or digital inputs. Of special signifi -
cance; the synthesizer output frequency re-
mains fully locked even while in the FM mode.
www.kratosmed.com

OML Inc.  Booth 1436
Wireless Communications Test Solutions

OML, with over 25 
years of mmWave in-
novative designs and 
application expertise, 
is delivering industry 
leading novel designs 
and application solu-
tions for customers 
worldwide. OML’s dis-
play will focus on eco-

nomical and portable wireless communica-
tions test solutions. Showcase products fea-
ture the latest USB-powered spectrum analy-
sis solutions with IF bandwidth greater than 
4 GHz for 5G, IoT, WLAN, point-to-point com-
munication, radar, EW and satellite, as well as 
traditional laboratory benchtop and modular 
mmWave solutions to 500 GHz.
www.omlinc.com

Micro Lambda Wireless  Booth 1503
Low Noise Frequency Synthesizer

Standard frequency 
models are available 
covering 6 to 18, 8 to 
20 and 10 to 21 GHz. 
These synthesizers 
have been designed 
with superior integrat-
ed phase noise over 

the 20 kHz to 50 MHz offset frequencies and 
provide exceptional Error Vector Magnitude 
(EVM) performance. Standard models are 
specifi ed to operate over the 0°C to +65°C 
temperature range. Extended temperature 
ranges are available.
microlambdawireless.com

Peregrine 
Semiconductor Corp. (pSemi)  Booth 1349
50 GHz DSA

pSemi (formerly Pere-
grine Semiconductor) 
extends its high perfor-
mance digital step at-
tenuator (DSA) family 
into higher frequencies 
with a 50 GHz DSA, 

the PE43508. This 50 Ohm, 6-bit DSA offers 
wideband support from 9 kHz to 50 GHz and 
features fl exible attenuation steps of 0.5 and 
1 dB up to the 31.5 dB range. Offered as a 
fl ip-chip die, the PE43508 is ideal for 5G test 
and measurement applications.

Value, High Performance DSAs
pSemi (formerly Pere-
grine Semiconductor) 
introduces a family of 
value, high perfor-
mance DSAs. These 
four DSAs—the 
PE43620, PE43650, 

PE43665 and PE43670—supplement pSemi’s 
top-performance and high frequency DSA 
products but at an entry-level price point. The 
value 50 and 75 Ohm DSAs feature pSemi’s 
industry-leading attenuation accuracy and are 
offered in a 2-, 5-, 6- and 7-bit confi guration.
www.psemi.com
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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.

Pin Diode Switches

• SPST to SP8T configurations
• Nano second (ns) level 
   switching
• 0.03 GHz to 110 GHz
• Reflective and absorptive

Up/Down Converters

• Full waveguide band capability
• Low spurious / harmonics
• Low LO frequency & power
• Compact, lightweight

Amplifiers

• Offering 0.03 to 110 GHz
• Low noise / high power
• Single DC supply / internal
    regulated sequential biasing
• Broadband or custom design

Transceivers

• TRX for K, Ka, Q, U, V, E & W 
    bands
• Integrated modular design
• High sensitivity / low cost 
• Custom design per request

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

For additional information contact our 
sales team at:

310-513-7256  or rfsales@ducommun.com

AISLES
1500-1700

Smiths Interconnect  Booth 1625
Chip Attenuators

Introducing the 
SpaceNXTTM HC Series 
high-reliability temper-
ature variable and 
fi xed chip attenuators 
for NextGen commer-
cial space applica-

tions. Operating from DC to 18 GHz, pre-test-
ed for mission assurance (Group A) and quali-
fi ed for space use, the HC Series provides a 
high-reliability, readily available solution at 
competitive pricing without additional charges 
for fl ight testing. Utilizing Thermopad® tech-
nology, a totally passive, surface-mounted de-
vice that offsets gain variation over tempera-
ture, HC Series offers signifi cant competitive 
advantages including zero distortion and a 
compact PCB footprint.
www.Smithsinterconnect.com

Modelithics  Booth 1642
mmWave & 5G Library

Modelithics Inc. has 
recently introduced a 
new library product, 
the Modelithics 
mmWave & 5G Library. 
All models in this pow-

erful collection of advanced simulation mod-
els have been validated to at least 30 GHz, 
with some validated up to 125 GHz. The Mod-
elithics mmWave & 5G Library was developed 
to support the design needs of the next gener-
ation of cellular and wireless communication, 
rapidly expanding into the mmWave frequency 
range.
www.modelithics.com

Exodus Advanced
Communications  Booth 1704
53 dB System

Exodus Advanced 
Communications intro-
duces AMP2065A, a 
solid-state, 6 to 18 
GHz, 200 W CW, 53 
dB system. This class 

AB linear state of the art C and W power am-
plifi er features an instantaneous wideband 
GaN design with built-in protection circuits for 
high-reliability and ruggedness. It is available 
with optional digital control and monitoring 
and local/remote interfaces. It is suitable for 
all single channel modulation standards. Oth-
er typical applications including TWT replace-
ments, EMI/RFI, EW, SATCOM and lab use.
www.exoduscomm.com

Mician GmbH  Booth 1549
µWave Wizard Hybrid EDA Software Tools

Mician, a developer of EM software tools for 
the analysis, synthesis and optimization of 
passive components like feeding networks, 
couplers, multiplexers and horn antennas, in-
cluding refl ectors, will show their µWave Wiz-
ard hybrid EDA software tools. The tools com-
bine the fl exibility of fast and powerful numeri-
cal methods with an appealing and ergonomic 
GUI that enables fl exibility and openness in-
cluding CAD export formats interfacing with 
most mechanical design tools.
www.mician.com

Ceyear  Booth 1561
Network Analyzers

The Ceyear AV3672 
line of network analyz-
ers are cutting edge 
and have an extremely 
competitive value 
proposition without 

compromising quality. It is offered in fi ve dif-
ferent frequency ranges up to 67 GHz, both 
2- and 4-port confi gurations, and frequency 
range extension up to 500 GHz. A number of 
measurement options such as time domain, 
frequency offset, gain compression, mixer 
measurements, embedded LO, pulse and 
much more are available.
www.topdogtest.com/ceyear
www.cc-globaltech.com

Planar Monolithics 
Industries Inc.  Booth 1603
Extended Dynamic Range DLVA

PMI Model No. ERDLVA-218-DC-LPD is an ex-
tended dynamic range DLVA designed to 

operate over the 2 to 
18 GHz frequency 
range. It employs pla-
nar diode detectors 
and integrated video 
circuitry for high speed 
performance and out-
standing reliability. It is 

of superior construction using state of the art 
MIC/MMIC technology.
www.pmi-rf.com

See us at IMS Booth 1312
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Ion Beam Milling  Booth 1752
Thin Film Filters

Ion Beam Etching produces superior thin fi lm 
fi lters at all frequencies over chemical etch 
methods. Straight side walls, elimination of 
undercut, and circuit to circuit consistency are 
hallmarks of the Ion Beam Etching process. 
Ion Beam Etched fi lters have real world perfor-
mance that closely matches performance 
specifi cations developed by modeling soft-
ware. Because of the close performance 
match, you do not waste time or money tweak-
ing your design and Ion Beam Milling Inc. fi l-
ters are cost competitive with chemically 
etched products.
www.ionbeammilling.com

RFHIC  Booth 1755
RF and Microwave Components

RFHIC is a company 
that specializes in de-
sign and manufactur-
ing of RF and micro-
wave components for 

telecommunication, military/commercial radar 
and ISM applications utilizing GaN solution. All 
currently listed GaN products will soon be avail-
able with RFHIC’s next generation GaN on Dia-
mond. RFHIC will showcase GaN MMIC at X-, 
Ku-, K-, Ka-Band, 5G small cell, 15 kW CW mi-
crowave generator at ISM band, microwave 
electrodeless lighting, 5 kW X-Band SSPA trans-
mitter and GaN on Diamond transistor.
www.rfhic.com

Signal Hound  Booth 1714
RF Spectrum Analyzer

The new SM200A is an 
affordable, compact 
and capable spectrum 
analyzer for a range of 
applications. Tuning 
from 100 kHz to 20 

GHz, the analyzer has an instantaneous band-
width of 160 MHz and a high dynamic range of 
110 dB. A sustained sweep speed of 1 THz/s 
and ultra-low phase noise means the SM200A 
introduces only 0.1 percent error to EVM mea-
surements. Ready to ship.
www.signalhound.com

Gowanda Components Group  Booth 1735
High Performance Inductors

Gowanda introduces 
high performance in-
ductors developed to 
address market needs. 
Advancements in the 
company’s design 

technology and manufacturing capability de-
liver signifi cant improvement—nearly 2× or 
more—in SRF and current ratings for these 
new inductors as compared to traditional 
molded designs with equivalent inductance. 
The fi rst six series—CC4H1008, CF4H1008, 
CC4H1210, CF4H1210, CC4H1812 and 
CF4H1812—will be on display at IMS2018. 
Gowanda Electronics, DYCO Electronics, Com-
munication Coil, Butler Winding, TTE Filters, 
Microwave Circuits and Instec Filters are affi li-
ates of Gowanda Components Group.
www.GowandaComponentsGroup.com

RLC Electronics  Booth 1748
65 GHz SPDT Switches

RLC Electronics is of-
fering DC to 65 GHz 
SPDT switches, made 
available with custom-
ization options includ-
ing your choice of con-
trol voltage, operating 
mode, indicators and 

TTL or BCD drivers, as well as special mating/
power connectors. These switches exhibit low 
loss (< 1 dB) and maintain high isolation 
(> 50 dB) over the full passband. Manually 
controlled options are available as well which 
are hand-driven utilizing a toggle on the top of 
the switch. Some typical applications for the 
65 GHz switches include collision avoidance 
test systems and 5G products.
www.rlcelectronics.com

AISLES 1700-1800
Eclipse Microwave  Booth 1806
Planar Back Diodes

The MBD series of pla-
nar back (tunnel) di-
odes are fabricated on 
germanium substrates 
using passivated, pla-

nar construction and gold metallization for reli-
able operation up to +100°C. Unlike the stan-
dard tunnel diode, Ip is minimized for detector 
operation and offered in fi ve nominal values 
with varying degrees of sensitivity and video 
impedance. The diodes have zero bias opera-
tion, excellent temperature stability and low 
video impedance.
www.eclipsemicrowave.com

Norden Millimeter  Booth 1812
Power Ampli� ers

Norden Millimeter an-
nounced that their 
power amplifi ers (N16-
5631) and low noise 
amplifi ers (N16-5619) 

have been chosen to be included on Key-
sight’s 5G Application Note 5992-1326EN. 
The N16-5631 and N16-5619 provide wide-
band frequency operation from 18 to 44 GHz. 
Pictured is the N16-5631 amplifi er which is 
available in single channel or 4-channel con-
fi gurations. Norden continues to expand its 
line of amplifi er, multipliers and converters 
covering 5G mmWave frequency bands. Nor-
den can also provide custom designs to meet 
specifi c test module requirements.
www.nordengroup.com

West•Bond Inc.  Booth 1816
Wire Bonders

Introducing the most 
fl exible, complete wire 
bonders system avail-
able today. 7KE and 
4KE series wire bond-
ers: bonding at 45 de-
gree feed for tail con-

trol, 90 degree for ribbon and deep access 
and ball bonding without changing heads. 
Wedge bonding Au, Al, Cu; ball bonding Au, Cu. 
automatic, semiautomatic and manual all ESD 
protected. Ultrasonic, thermosonic and thermo-
compression wire/ribbon bonders; eutectic 
and epoxy die bonders, insulated wire bonders 
and pull testers.
www.westbond.com

MIcable  Booth 1802
Test Cable

T40 is high perfor-
mance and reliable 
test cable, which is up 
to 40 GHz. It is ideal 
for high precision 
mmWave and frequent 
test in production line 
and labs. The cable 

construction is very rugged, which still works 
well on electrical performance after 20,000 
harsh fl ex cycles. A wide range of stainless 
steel connectors are available, such as SMA, 
N type, 2.92 mm, 3.5 mm.
Microwave Cable Assemblies

MIcable C29F(.086Flex) 
microwave cable as-
semblies offer superior 
electrical performance 
up to 50 GHz in low 

VSWR, low loss and phase stability. The typical 
VSWR is 1.25 at 50 GHz and phase stability over 
temperature is < 500 ppm at -40~+70°C. It is 
ideal for use in 5G MIMO connecting and testing, 
and regular use in lab and production line.
www.micable.cn

FOR MORE NEW PRODUCTS, 
VISIT WWW.MWJOURNAL.
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Dynawave  Booth 1817
Cable Assemblies

The ArcTite® series of 
cable assemblies is 
now available from DC 
to 40 GHz. ArcTite® pro-
vides ultra-low profi le 

bends without the need for supplemental strain 
relief boots. Dynawave’s innovative connector 
designs conform to the MIL-STD-348 interface 
specifi cation and utilize a 360 degree internal 
solder termination for high-reliability and en-
hanced shielding effectiveness. They are ideal 
for high density, internal module connections 
and provide a cost effective, higher performance 
alternative to SMA right angle connectors.
www.dynawave.com

Besser Associates Inc.  Booth 1833
RF and Wireless Training

Besser Associates is a 
worldwide leader in RF 
and wireless training. 
Their instruction com-
bines theory with 

hands-on practice, the latest tools and tech-
nology and the most appropriate training me-
dia (online and traditional classroom) for indi-
vidualized, meaningful participant experienc-
es. The company choose their instructors from 
the best and brightest in their fi elds around 
the world; they carry an average of 20 years of 
fi eld and applied teaching experience. Cours-
es can be presented on-site and customized 
to meet the specifi c needs of the client.
www.besserassociates.com

Rosenberger  Booth 1841
Test & Measurement Equipment and Products

Rosenberger of North 
America highlights its 
latest developments at 
IMS2018. The compa-
ny has available test 
and measurement 
equipment and prod-

ucts for microwave and VNA measurements, 
such as calibration kits (full and industrial ver-
sions), with a wide range of coaxial interfaces, 
as well as compact calibrations kits such as 
MSO (open, short, load) and MSOT (open, 
short, load, thru) versions. They also supply 
microwave and test cable assemblies and an 
expanded range of test ports for VNAs.
www.rosenberger.com/us_en

Copper Mountain Technologies  Booth 1849
Frequency Extenders

Copper Mountain Tech-
nologies released new 
FET1854 frequency ex-
tenders with frequency 
range from 18 to 54 
GHz. With the launch 
of the new FET1854 

extenders, the CobaltFx series allows engi-
neers to build a scalable and affordable 5G 
testing solution. Anchored by a 2- or 4-port 9 
or 20 GHz USB vector network analyzer, Co-
baltFx includes extenders in multiple frequen-
cy bands: 18 to 54, 50 to 75, 60 to 90 and 75 
to 110 GHz. Frequency extension is a stan-
dard software feature.
www.coppermountaintech.com

VIDA Products  Booth 1904
Low Cost X-Band VCO

Featuring extremely 
low open loop phase 
noise specifi ed at a 1 
MHz offset of -145 
dBc/Hz. VCO input is 

designed for easy integration with phase lock 
MMICs. Evaluation board allows for speedy 
verifi cation of performance and system test-
ing. Standard unit is operational from -10°C 
to 60°C. Power dissipation is less that 1 W. 
The performance is delivered by VIDA’s New 
YIG MMIC, their upgraded DRO replacement, 
YOMICA. Ask about volume discounts.
www.vidaproducts.com

Remcom Inc.  Booth 1917
Wireless InSite® for 5G mmWave and MIMO 
Simulations

Wireless InSite MIMO 
is a unique ray tracing 
tool that simulates the 
detailed multipath of 
large numbers of 
MIMO channels while 
overcoming the limita-

tions of traditional methods including 3D ray 
tracing valid up to 100 GHz, simulate massive 
MIMO arrays, spatial multiplexing and beam-
forming, diffuse scattering and high perfor-
mance computing. With optimizations that 
minimize runtime and memory constraints, 
wireless InSite effi ciently simulates even the 
large arrays in Massive MIMO systems. Visit 
Remcom’s booth for a demonstration.
www.remcom.com

Nuhertz Technologies  Booth 1935

Microstrip Port Tuning Optimization Process

FilterSolutions® (Nuhertz Technologies) has 
improved its already fast and accurate Micro-
wave Offi ce® microstrip port tuning optimiza-
tion process to be faster, more accurate and 
more fl exible than ever. Accurate optimized 
planar designs are normally produced in just a 
few minutes for a wide variety of design re-
quirements, including cross coupled mi-
crostrips. In addition to microstrips, supported 
technologies include suspended and inverted 
microstrips, and balanced and unbalanced 
striplines. Trial licenses, demos and training 
are available from Nuhertz.
www.nuhertz.com

Holzworth Instrumentation Inc.  Booth 1949
Real-Time Phase Noise Analyzer

The HA7000 Series re-
al-time phase noise 
analyzer products re-
solve the historical 
speed and accuracy is-
sues in both R&D and 

high throughput (ATE) manufacturing test envi-
ronments. The HA7000 Series currently in-
cludes the HA7062C, HA7402C and the new 
HA7701A delay line analyzer. These versatile 
phase noise analyzers offer ease of test setup 
and high speed acquisition times without 
compromising on data accuracy or limitations 
in the measurement fl oor. Extended frequency 
ranges and measurement offset capabilities 
will be demonstrated at IMS2018.
www.holzworth.com

AISLES 1800-1900

NI AWR  Booth 1825
NI AWR Design Environment V14

This new release 
introduces network 
synthesis technology 
for power amplifi er 
design, distributed 
computing for EM 
analysis, MIMO 
antenna solutions and 
enhanced module/

PCB design fl ows. NI AWR Design Environment 
includes Visual System Simulator™ for system 
design, Microwave Offi ce/Analog Offi ce for 
circuit design, and AXIEM and Analyst™ for 
EM. The broader NI AWR software portfolio 
also includes AntSyn™ for antenna synthesis 
and AWR Connected™ for third-party 
solutions.
www.awrcorp.com

NI Microwave Components  Booth 1825
Frequency Synthesizers

The QuickSyn series of 
frequency synthesizers 
delivers instrument-
grade performance, in-
creased functionality, 
and effi cient power 

consumption at a reduced size and low cost. 
The synthesizers employ a phase-refi ning 
technology that provides a unique combina-
tion of fast-switching speed and low phase 
noise characteristics. Models include frequen-
cies of 10 and 20 GHz, and three popular 
mmWave bands—27 to 40, 50 to 70 and 76 to 
82 GHz.
www.ni-microwavecomponents.com

IMS2018 Show 
Coverage

Catch our exclusive conference 
information, news, social networking, 

photos, videos and more at:
mwjournal.com/IMS2018
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#IMS2018

The 2018 IEEE MTT-S
International Microwave Symposium
10-15 June 2018, Philadelphia, PA

Follow us on: 

The 2018 IMS Microwave Week is held, 10 - 15 June 2018, at the Pennsylvania Convention Center 
in Philadelphia. Register today for the IMS Microwave Week of conferences, including the Radio 
Frequency Integrated Circuits (RFIC) Symposium, International Microwave Symposium (IMS), 
and the Automatic Radio Frequency Techniques Group (ARFTG) Conference. Unique to the 2018 
IMS Microwave Week, the International Microwave Bio-Conference (IMBioC) will be a co-located 
conference.

IMS Microwave Week – At a Glance

Sunday, 10 June 2018 Workshops, Short Courses
RFIC Plenary, Joint Industry Show Case & Interactive Forum, RFIC Reception

Monday, 11 June 2018 Workshops, Short Courses, RF Bootcamp; Three Minute Thesis (3MT®) Competition
RFIC Technical Sessions, Panel Session, IMS Historical Exhibit
IMS Plenary, Welcome Reception

Tuesday, 12 June 2018 IMS, RFIC Technical Sessions and Interactive Forum; Student Design Competitions, 
Student Paper Competition, IMS Exhibition, Historical Exhibit, Industry Workshops & MicroApps
5G Summit and Lunch Panel; Joint IMS/RFIC Panel Session
Young Professionals (YoPros) Panel, Networking Event
Amateur Radio (HAM) Talk and Networking Reception

Wednesday, 13 June 2018 IMS Technical Sessions, Panel, and Interactive Forums
IMS Exhibition, Historical Exhibit, Industry Workshops & MicroApps
Industry Hosted Reception; MTT-S Awards Banquet

Thursday, 14 June 2018 IMS Technical Sessions and Interactive Forums; Physicians Lunch Panel Session
MTT-S Student Awards Luncheon; (Student) Career Counseling Fair
IMS Exhibition, Historical Exhibit, Industry Workshops & MicroApps
IMS Closing Ceremony; Also, IMBioC Opening Ceremony
Women in Microwaves Panel Session and Networking Reception

Friday, 15 June 2018 Workshops, Short Courses
ARFTG Conference and Exhibition; IMBioC Technical Sessions and Exhibition

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



Closing Session Talk
Thursday, 14 June 2018
Dr. Nicholas J. Ruggiero II, MD

Thomas Jefferson University

“Renal Denervation for 
Uncontrolled Hypertension: 
Complexity After Symplicity”.

Renal denervation for uncontrolled 
hypertension was demonstrated to 
be extremely successful in many 
early trials. The large, randomized, 
pivotal US trial, Symplicity HTN 3, 
unfortunately showed no benefi t in
comparison to optimal medical 
therapy.  These results bridled 
enthusiasm for this technology
and accounted for many
companies to desert the premise 
altogether. Fortunately, those who
believe in the procedure are 
pressing forward and multiple new 
trials which are currently enrolling 
will ultimately determine the
future of renal denervation.  

Closing Session Talk
Thursday, 14 June 2018
Nader Engheta, PhD

H. Nedwill Ramsey Professor
University of Pennsylvania

“Extreme Platforms for Extreme 
Functionality”

Platforms with unprecedented 
“extreme” electromagnetic 
features can now be constructed, 
providing ample opportunities for
manipulating, tailoring, and 
sculpting waves and fi elds at 
various scale lengths. We have
been exploring a series of 
phenomena related to the wave-
matter interaction in platforms 
with extreme scenarios, such as 
near-zero-index materials and 
specially engineered materials 
that solve equations as waves go 
through them. These “extreme 
platforms” offer new opportunities 
for functional devices in the future.

Plenary Session Talk
Monday, 11 June 2018
Stephen K. Klasko, MD, MBA

President and CEO, Thomas Jefferson 
University and Jefferson Health

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

The author of the books, We CAN 
Fix Healthcare and The Phantom 
Stethoscope, President Klasko 
uses science fi ction to challenge 
audiences to imagine an ideal 
future and identify what it takes 
to design that future today. He 
reviews twelve “disruptors” for the
demise of the old healthcare 
system and shows how each is an 
opportunity to take the trends and 
incremental steps we see today 
and create the transformations
and disruptions tomorrow.

The IMS Welcome Reception will be held on Monday, 11 June

2018 at the historic Reading Terminal Market Building in 

Philadelphia. The reception immediately follows the conclusion of

the IMS Plenary Session. The plenary session attendees will be led, 

as a parade, to the Reading Terminal Market by the “Mummers”.

 IMS2018 Keynote Speakers

For the latest on IMS and Microwave Week visit www.ims2018.org
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.
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 Workshops, Short Courses

Day Morning (08:00 – 11:50) Afternoon (13:30 – 17:15)

Sunday,

10 June 
2018

WSA: RFIC Design in CMOS FinFET and FD-SOI

WSB: ICs for Quantum Computing and Quantum Technologies

WSC: 5G mm-Wave Power Amplifiers, Transmitters, Beamforming Techniques and Massive MIMO

WSD: eXtreme-bandwidth: architectures for RF and mmW transceivers in nanoscale CMOS

WSE: Integrated mm-wave & THz sensing technology for automotive, industrial and healthcare

WSF: Advanced integrated RF filtering circuits and techniques

WSG: Synthesizer Design and Frequency Generation/Synchronization Schemes for High-Performance Wireless Systems

WSH: High-performance WLAN transceiver Design and Calibration Techniques

WSI: High Efficiency Power Amplification for Emerging Wireless Communications Solutions from Devices to Circuits and Systems

WSJ: Millimeter-wave Systems; Manufacturing, Packaging and Built-in Self Test

WSK: Towards Direct Digital RF Transceivers

WSL: Ultra Low-Power Transceiver SoC Designs for IoT Applications

Monday,

11 June 
2018

SMA: Practical computer modeling for electromagnetic medical device design

WMH: Microwave and Millimeter-wave Radiometers: Component 
Technologies, System Architectures, and Emerging Applications

WMA: Wireless Technologies for Implantable and Wearable Systems

WMB: Microwave to THz imaging technologies for biomedical applications

WMC: 3D-/4D-/Inkjet-Printed RF Components and Modules for IoT, 5G and Smart Skin Applications

WMD: Power Amplifier Technologies for 5G Communications Systems

WME: Digital Pre-Distortion and Post-Correction from DC to mmWave for Wireline and Optical Communications

WMF: Microwaving cells: from biological effects to innovative techniques for cell analysis

WMG: Recent Advances in Efficiency and Linearity Enhancement Techniques for RF Power Amplification

WMJ: Advanced Applications of Nonlinear Vector Network Measurements for broadband RF Power Amplifiers Design and Linearization

WMK: Affordable Phased-Arrays for SATCOM and Point-to-Point Systems Using Silicon Technologies

SMB: Fundamentals of Magnetic-Resonance Imaging

WMI: Automotive Radar and Vehicular Network Security

Friday,

15 June 
2018

SFA: Multi-Beam Antennas and Beam-Forming Networks

WFD: Advanced Synthesis techniques for reduced size filtering networks

WFA: Ultra-Low-Power Nanowatt to Microwatt Receivers for the Internet of Things

WFB: RF Front-Ends for Enhanced Mobile Communications towards 5G

WFF: Tunable Passive Devices for Multi-band Systems

WFG: Advances in Linearization Techniques for 5G and Beyond

WFH: Module Integration and Packaging/IC Co-Integration for Millimeter-wave Communications and 5G

WFI: Innovative Technologies for RF and millimeter-wave Tuning and Switching

WFJ: Design of Matching Networks for Optimal Performance of Power Amplifiers and Transmitters

WFK: The New GaN: Advancements in novel-materials based GaN Microwave and mm-Wave Technologies

WFE: Recent advances in non-linear and non-reciprocal RF microwave 
devices (08:00 – 11:15)

SFB: Using active fiber optic for distributed antenna system (DAS) 
system in 5G MIMO system and automobile radar system

For the latest on IMS and Microwave Week visit www.ims2018.orgContent is copyright protected and provided for personal use only  - not for reproduction or retransmission.
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5G Summit, Tuesday, 12 June 2018; Room 103
The 5G Summit, at the Pennsylvania Convention Center in Philadelphia, is an IEEE event that is organized 
by two of IEEE’s largest societies – MTT-S and ComSoc. This special collaboration, for the second year 
running, complements MTT-S’ “hardware and systems” focus with ComSoc’s “networking and services” 
focus. The one-day Summit features talks from experts from government, academia, and industry experts 
on various aspects of 5G services and applications. It’s further complemented by the 5G Pavilion at the 
IMS2018 exhibition where table top demonstrations and “fire-side” chats are presented at the 5G theater.

Other featured presentations from Huawei, GM, Keysight, NI, Global Foundries, MACOM as well as 
academia will include following topics:

• Spectrum/Regulatory
• Infrastructure/Trials, Applications
• Technologies, Circuits, Systems
• Design, Test & Measurement Challenges
• Test-bed Services for 5G

Lunchtime Panel session: “mmWave Radios in Smartphones: What they will look like in 2, 5, and 10 years”

For complete agenda visit: www.ims2018.org/5g-summit

RF Boot Camp, Monday, 11 June 2018; Room 109B
This one-day course is ideal for newcomers to the microwave world, such as technicians, new engineers, 
college students, engineers changing their career path, as well as marketing and sales professionals 
looking to become more comfortable in customer interactions involving RF & Microwave circuit, and 
system concepts and terminology. The format of the RF Boot Camp is like that of a workshop or short 
course, with multiple presenters from industry and academia presenting on a variety of topics including:

 5G Summit, Panel Sessions, RF Boot Camp

• The RF/Microwave Signal Chain
• Network Characteristics, Analysis and 
 Measurement

• Fundamentals of RF Simulation
• Impedance Matching & Device Modeling Basics
• Introduction to RF and Microwave Filters

• Spectral Analysis and Receiver Technology
• Signal Generation
• Modulation and Vector Signal Analysis
• Microwave Antenna Basics
• Introduction to Radar and Radar Measurements

Panel Sessions
Can a residential wireless Gbps internet 
connection compete with wired alternatives? 
Tuesday, 12 June 2018, 12:00-13:00, 
Room 201A

Body Wearable Technology: is it still relevant and 
what is its future? 
Wednesday, 13 June 2018, 12:00-13:00, 
Room 201A

5G PA/FEM: Si or III-V - who will win the race? 
Thursday, 14 June 2018, 12:00-13:00, 
Room 201A

Physicians Panel: Utilization of RF/Microwaves 
in Medicine 
Thursday, 14 June 2018, 12:00-14:00, 
Room 204B

“Bringing the World Closer 
Together”

Jin Bains 
Head of Connectivity, SCL, 
Facebook

“AT&T Perspectives on 5G Services” 

David Lu 
Vice President, AT&T

5G Summit Speakers:

For the latest on IMS and Microwave Week visit www.ims2018.orgContent is copyright protected and provided for personal use only  - not for reproduction or retransmission.
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 Exhibition, Mobile App, Key Deadlines

Exhibition Overview:
The Exhibition consists of over 600 exhibiting companies who represent the state of the art when it 
comes to materials, devices, components, and subsystems, as well as design and simulation software 
and test/measurement equipment. Whatever you are looking to acquire, you will fi nd the industry 
leaders ready and willing to answer your purchasing and technical questions.

Exhibition Dates and Hours

Tuesday, 12 June 2018 09:30 to 17:00

Wednesday, 13 June 2018 09:30 to 17:00

Exhibit-Only Time: 13:30 to 15:10

Industry Hosted Reception: 17:00 to 18:00

Thursday, 14 June 09:30 to 15:00

MicroApps

The Microwave Application seminars (MicroApps) offered Tuesday, 12 June through Thursday, 14 June, 
2018, provide a unique forum for the exchange of ideas and practical knowledge related to the design, 
development, production, and test of products and services. MicroApps seminars are presented by 
technical experts from IMS2018 exhibitors with a focus on providing practical information, design, and 
test techniques that practicing engineers and technicians can apply to solve the current issues in their 
projects and products.

Industry Workshops

The Industry Workshops are 2-hour industry-led presentations featuring hands-on, practical solutions 
often including live demonstrations and attendee participation. These Workshops are open to all 
registered Microwave Week attendees at a nominal charge.

Visit https://ims2018.org/exhibition for more information.

IMS Microwave Week Mobile App:
The IMS Microwave Week app is now available in the Apple App store and Google Play store. Install the 
app on your Android or iOS device to view the full schedule of Workshops, Short Courses, IMS and RFIC 
Technical Sessions, IMBioC, ARFTG, Panel Sessions, Social Events and Exhibition information. On-site 
during Microwave Week you will be able to download IMS and RFIC papers, locate exhibitors, upload 
photos and explore all that Philadelphia, PA has to offer! Download today!photos and explore all that Philadelphia, PA has to offer! Download today!

Key Deadlines:
Early Bird Registration Deadline: 14 May 2018
Advance Registration Deadline: 8 June 2018

Housing Burea Deadline: 18 May 2018

For the latest on IMS and Microwave Week visit www.ims2018.orgContent is copyright protected and provided for personal use only  - not for reproduction or retransmission.
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5G Summit Speakers:

“Bringing the World Closer Together”
Jin Bains
Head of Connectivity, SCL, Facebook

“AT&T Perspectives on 5G Services”
David Lu
Vice President, AT&T

The 5G Summit on Tuesday, 12 June 2018 at the Pennsylvania Convention Center in Philadelphia is an IEEE event that is 
organized by two of IEEE’s largest societies – MTT-S and ComSoc. This special collaboration, for the second year running, 
complements MTT-S’ “hardware and systems” focus with ComSoc’s “networking and services” focus. The one-day Summit 
features talks from experts from industry, academia, and government on various aspects of 5G services and applications. 
It’s further complemented by the 5G Pavilion at the IMS2018 exhibition where table top demonstrations and “fi re-side” chats 
are presented at the 5G theater.

PENNSYLVANIA CONVENTION CENTER • PHILADELPHIA, PENNSYLVANIA, USA
Exhibition Dates: 12–14 June 2018 • Symposium Dates: 10–15 June 2018

Connecting Minds. Exchanging Ideas.

The 2018 IEEE MTT-S
International Microwave Symposium

It’s taking off! Can you handle 5G?
Register for the 5G Summit at IMS2018

#IMS2018
Follow us on: 

For more information visit: https://ims2018.org/5g-summit

International Microwave Symposium

It’s taking off! Can you handle 5G?

Other featured presentations from Huawei, GM, Keysight, NI, Global 
Foundries, MACOM as well as academia will include following topics:
• Spectrum/Regulatory
• Infrastructure/Trials, Applications 
• Technologies, Circuits, Systems
• Design, Test & Measurement Challenges
• Test-bed Services for 5G 

Lunchtime Panel session on, “mmWave Radios in Smartphones:
What they will look like in 2, 5, and 10 years” 

Media Sponsor:Industry Co-Sponsors:
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MCV Microwave  Booth 2213
Ultra-Low PIM 1 kW Cavity Filters

Ultra-low passive inter-
modulation (PIM) cavi-
ty fi lters and multiplex-
ers covering TETRA 

and the entire LTE frequency bands from 300 
to 3600 MHz. The typical PIM performance in 
production is -163 or -170 dBc for low-PIM or 
ultra-low PIM series, respectively measured 
with two CW tones, each at 43 dBm. These 
high-power, low PIM fi lters are suitable for use 
in small cell, tower-mounted amplifi ers, Tx or 
Rx combiners, multiplexers, distributed anten-
na system (DAS) and PIM test benches.
www.mcv-microwave.com

Crane Aerospace & Electronics  Booth 2215
RF, IF and mmWave Components

Crane Aerospace & 
Electronics designs 
and manufactures 
high-performance RF, 
IF and mmWave com-
ponents, subsystems 
and systems for com-

mercial aviation, defense and space. With 
over 60 years of experience, the company has 
proven capabilities in major military, commu-
nications, EW, radar and satellite systems. 
Product capabilities: Component and single 
function devices, integrated microwave as-
semblies, space qualifi ed products, switch 
matrices.
www.craneae.com

Anaren Microwave Inc.  Booth 2304
Form Factor Coupler

Introducing Anaren’s 
all new high-power 
0805 form factor cou-
pler product family. 
Constructed from ce-
ramic fi lled PTFE com-
posites, which possess 
excellent electrical and 

mechanical stability up to +105°C these foot-
print-optimized couplers handle increased 
power and have class leading RF perfor-
mance. Designed with 5G applications in 
mind and by benchmarking Anaren’s current 
subminiature 0805 product line, these low 
cost, low profi le couplers are available in 2, 3, 
4, 5, 10 and 20 dB coupling. Contact to get on 
the list for samples.
www.anaren.com/contact

Pasternack Enterprises Inc.  Booth 2133
Relay Controlled Programmable Attenuators

Pasternack’s relay con-
trolled programmable 
attenuators cover 
broad frequency bands 
from DC to 2000 MHz 
with attenuation levels 
ranging from 0 to 127 
dB. Attenuator designs 

have 6 to 8 relay bits with attenuation steps 
ranging from 0.25 to 64 dB. Typical perfor-
mance includes low insertion loss ranging 
from 0.8 to 3.5 dB, attenuation accuracy of 
± 0.5 dB and input power up to 1 W CW. Mod-
els are offered in 50 and 75 Ohm confi gura-
tions and feature bidirectional performance 
capability.

Compact Waveguide Gunn Diode Oscillators
Pasternack’s wave-
guide Gunn diode os-
cillators incorporate 
high performance de-
vices and machined 
aluminum cavities. 
Due to the extremely 
high external Q and 

temperature compensation mechanism, these 
oscillators exhibit excellent frequency and pow-
er stability, lower phase noise and higher anti-
load pulling characteristics. The PEWGN1001 
is a K-Band waveguide Gunn oscillator module 
that generates a center frequency of 24.125 
GHz with a tuning range of ±1 GHz. The PEW-
GN1000 generates a Ka-Band center frequen-
cy of 35 GHz with a tuning range of ±3 GHz.
www.pasternack.com

SemiGen  Booth 2009
Schottky Barrier Diodes

SemiGen’s Schottky barrier diodes offer small 
junction capacitances, low resistances and 
low I/F noise, along with 0.6 V forward voltage 
drop and enhanced TSS. They are ideal for de-
tector, mixer, modulator, power limiter and 
high speed switch applications. SemiGen’s ze-
ro-bias Schottky detector diodes exhibit low 
junction capacitances, high voltage sensitivity, 
high sensitivity and do not require external bi-
asing. These diodes feature 0.3 V forward volt-
age drop and exceptional TSS.
www.semigen.net

Pickering Interfaces  Booth 2015
PXI Microwave Multiplexer Modules

These multiplexers 
have a characteristic 
impedance of 50 Ω 
and are capable of 
switching signals up to 

50 GHz. Available in single or dual 6-channel 
format occupying three PXI slots with relays 
mounted on the front panel. These multiplex-
ers are compatible with any PXI chassis and 
can be used in Pickering’s LXI modular chas-
sis for users preferring control via an Ethernet 
port. Connection is by a high performance 
SMA, SMA-2.9 and SMA-2.4 Connectors for 
50 Ω versions.
www.pickeringtest.com

SignalCore Inc.  Booth 2113
Single-Stage Down-Converter

The SC5318A is a C- to 
K-Band single-stage 
down-converter, con-
verting frequencies 
from 6 to 26.5 GHz 

down to DC to 3 GHz. This module also fea-
tures an internal 26.5 GHz synthesized LO, RF 
preamplifer and variable gain control. It can 
be confi gured for SISO or MIMO applications 
such as ground-based SATCOM, point-to-point 
radio and test instruments. Compact, rugged 
and built for large system integration, the 
SC5318A can be combined with their 
SC5308A to form a broadband 100 kHz to 
26.5 GHz down-converter.
www.signalcore.com

AISLES 2000-2300

Networks International Corp.  Booth 2212
Pin-Diode Switches

NIC’s engineering ex-
pertise in high-reliabili-
ty RF products and in-
tegrated assemblies 
includes a specialty in 
pin-diode switches 

that span from 1 to 20 GHz. These high per-
formance switches offer broad bandwidth, low 
insertion loss, fast switching speeds and TTL 
compatibility. These switches can be custom-
ized to meet passband requirements from 1 
to 100 percent and meet a wide range of en-
vironmental requirements as well. Whether 
your challenge is a small form factor, high-
power, tough electrical specifi cations or cost, 
NIC’s unique products showcase a variety of 
creative solutions for all of your radar and 
communications needs.
www.nickc.com

FOR MORE NEW PRODUCTS,  VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE 
FEATURING  STOREFRONTS
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SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

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

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package material

www.techplusmicrowave.com 

916-672-6356 
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  RF Amplifiers, Isolators and 
  Circulators from 20MHz to 40GHz 

Wenteq Microwave Corporation 
138 W Pomona Ave, Monrovia, CA 91016 

Phone: (626) 305-6666, Fax: (626) 602-3101 
Email:  sales@wenteq.com, Website: www.wenteq.com

  

 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 
  

www.masterbond.com

Coatings For 
EMI/RFI Shielding
Electrically Conductive 
Elastomeric Systems

•

•

•

X5SC

X5N

X5G

silver filled

nickel filled

graphite filled

MICRO-ADS AISLES
2300-2400

MegaPhase  Booth 2309
UltraPhase™ Series

The “E” series product 
line was designed for 
optimal performance 
over a wide tempera-
ture range in mind. 
This very fl exible as-
sembly offers a foam 
FEP dielectric and pro-

vides superior phase stability versus fl exure 
and temperature. The temperature perfor-
mance features linearity across a wide tem-
perature range and does not exhibit the 
“knee” that traditional PTFE based cables ex-
hibit at ambient temperature. This cable is 
ideal for applications including both air and 
ground-based phased array radars, sensors, 
mobile backhaul and temperature testing.
www.megaphase.com

American Microwave Corp.  Booth 2317
Improved Sensitivity DLVA Technology

Retrieving signals bur-
ied in noise and multi-
plying the range of 
modern monostatic 
pulsed radar receivers 
is possible using a 
technique called 

“Matched Filtering.” Matched fi ltering can im-
prove receiver sensitivity by 6 to 8 dB by re-
trieving signals buried in noise and  improve 
range by a factor of 2 min. Advances in digital 
signal processing and digital correlation tech-
niques have made the application of matched 
fi ltering sensitivity improvements possible and 
practical.
www.americanmic.com

Velocity Microwave  Booth 2403
Galaxy Gage Kit

Continuing their mis-
sion of developing sus-
tainable products that 
reduce your cost of 
ownership, Velocity Mi-
crowave introduces 
the Galaxy gage kit. 
This revolutionary kit 
provides the ability to 
test the most common 
RF/microwave connec-

tors with a single gage. A simple swap of the 
bushing allows the user to test Type N, SMA 
(P+D), 3.5, 2.92, 2.4 and 1.85 mm connec-
tors, both male and female. In addition, the 
gage itself can be calibrated by your preferred, 
qualifi ed vendor for about $50 per year.
www.velocitybygte.com

ITEQ Corp.  Booth 2413
Copper-Clad Laminates

ITEQ’s IT-88GMW and 
IT-88GML are de-
signed for use in auto-
motive radar, millime-
ter wave, phased array 
antenna, in-package 

antenna and emerging 5G applications. The 
Dk- 2.98 and Df 0.0012 at 10 GHz make 
them the lowest loss offerings for thermoset 
resins. IT-88GML offers low fl exural and in-
plane modulus with very low skew. Both prod-
ucts can be used in hybrid mlb applications 
for automotive driver-assist systems. Available 
in core and prepreg materials enabling high 
layer count boards.

Piconics Inc.  Booth 2418
50 Awg Broadband Conical Inductors

Piconics Inc. has intro-
duced a new line of 
broadband conical in-
ductors utilizing ultra-
fi ne 1 mil (50 Awg) di-
ameter wire. This In-
ductor Series offers in-
creased inductance in 

a smaller size than traditional conical induc-
tors while maintaining broadband perfor-
mance past 40 GHz. The ultra-fi ne wire reduc-
es capacitance build up at the terminations 
and along the coil to minimize loss across the 
frequency band. Typical applications: bias 
tees, broadband amplifi ers, high speed 
switches, optical linear drivers and isolation 
circuits on semiconductor test boards.
www.piconics.com

IMS2018 Show 
Coverage

Catch our exclusive conference 
information, news, social networking, 

photos, videos and more at:
mwjournal.com/IMS2018

See us at IMS Booth 550
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COMSOL Inc.
RF Module

The latest version of 
the RF module, an 
add-on product avail-
able in the COMSOL 
Multiphysics® soft-
ware, features an ex-
tended part library 

with edge launch connectors and a new adap-
tive frequency sweep study type. This study 
type enables users to compute the frequency 
response of a linear model more efficiently 
while using a very fine frequency resolution 
with the asymptotic waveform evaluation 
(AWE)—a reduced-order modeling technique.
www.comsol.com

Exceed Microwave
Waveguide Diplexers 

Exceed Microwave’s WC-Series waveguide di-
plexers can provide very wide passbands and 
also comes in small sizes. DPX-WC-22-28-34 is 
a WR34 diplexer covering nearly the entire wave-
guide operating frequency band. Each channel 
bandwidth of DPX-WC-22-28-34 is roughly 20 
percent while maintaining very good return loss 
at all ports. The size is only 1.5 x 1.8 x 0.9 in. 
which allows waveguide assemblies to be com-
pact. WC-Series diplexers are available in differ-
ent waveguide sizes. Exceed Microwave designs 
and manufactures high performance waveguide 
and coaxial filters.
www.exceedmicrowave.com

Fairview Microwave Inc.
PIN Diode Waveguide Switches

Fairview Microwave 
Inc., a provider of on-
demand RF and micro-
wave components, has 
released a new line of 
E- and W-Band PIN di-
ode waveguide switch-
es. These single-pole 

single-throw (SPST) and single pole double-
throw (SPDT) mmWave waveguide switches of-
fer an ultra-broadband frequency range with 
fast switching performance. They are ideal for 
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telecommunications, test instrumentation, re-
search and development programs and radar 
front-ends in applications that involve general 
switching, receiver protection, pulse modula-
tion and antenna beam switching.
www.fairviewmicrowave.com

Kaelus
Cable and Antenna Analyzers

The iVA Series of cable 
and antenna analyzers 
from Kaelus enable us-
ers to accurately mea-
sure return loss 
sweeps, distance-to-

faults and cable loss in RF infrastructure. Built 
for purpose, durability and efficiency the iVA 
series is easy to learn, provides test functions 
at your fingertips, supports frequency ranges 
from 560 to 2700 MHz and its lightweight for-
mat (1.5 lb) provides rugged and reliable per-
formance for test reports and site certifica-
tions.
www.kaelus.com/en

M Wave Design Corp.
High-Power WR90 Junction 
Isolators

The M Wave Design 
Corp. 90IJ12xx Junc-
tion Isolator is an air 
cooled 8.5 to 10 GHz 
device with 20 dB iso-
lation (min.), 1.20:1 
(max.) VSWR and  

0.20 dB (max.) insertion loss at  500 W CW 
forward (10 Kw peak). A 400 W dummy load 
is incorporated to absorb reflections. M Wave 
Design Corp. offers high-power isolator de-
signs from 80 MHz to 40 GHz.
www.mwavedesign.com

Master Bond
Electrically Conductive Systems 

Master Bond MB600S is 
a silver conductive water 
based sodium silicate 
system for shielding ap-
plications that with-
stands temperatures up 

to 700°F. MB600S will cure at room temperature 
in 24 to 48 hours or in 1 to 2 hours at 80°C. It 
features high temperature resistance with a ser-
vice temperature range of 0°F to 700°F. The 
compound is available in glass jars, and has a 
shelf-life of six months in original, unopened con-
tainers at room temperature.
www.masterbond.com

PolyPhaser
Coaxial RF Surge Protectors with 
4.3-10 Connectors

PolyPhaser’s SX series 
of surge arrestors now 
includes 4.3-10 con-
nectors. Using Poly-
Phaser’s patented spi-
ral inductor technolo-
gy, these arrestors re-
spond almost instanta-

neously to a lightning surge. Available in DC 
pass and DC block, all models have a typical 
PIM rating of -130 dBM and support broad 
frequency ranges from 698 MHz to 2.7 GHz. 
The compact, weatherized design makes 
these arrestors ideal for use with small cells 
and DAS applications that require 4.3-10 con-
nectors.
www.polyphaser.com

RFE
Broadband Synthesizer 

RFE’s broadband Syn-
thesizer covering the 
entire 0.1 to 20 GHz 
spectrum is reliable, 
fast tuning and low 
cost. The design takes 
advantage of the latest 

readily available MMIC components, which re-
duces the parts count and module footprint. It 
also minimizes the need for hand-tuning. The 
result is a low-cost, lightweight, fully-integrat-
ed module able to perform in the harshest en-
vironments. Smallest possible footprint 3 x 3 x 
0.7 in., least weight, with < 50 µs tuning 
speed option.
www.rfeng-inc.com

RF Superstore
Reverse Polarity Adapters and 
Connectors

RF Superstore 
has expanded 
their product of-
fering to include a 
large selection of 
in-stock reverse 
polarity adapters 
and connectors. 

The newly added products are coaxial adapter 
designs made of brass with nickel or gold plat-
ing and 50 Ohms impedance. The product 
lines span in-series and between-series BNC, 
N, MMCX, SMA and TNC.
www.RFsuperstore.com

N E W  P R O D U C T S
for more new products, visit www.mwjournal.com/buyersguide

featuring  storefronts
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2018October 17-18, 2018 
Santa Clara Convention Center 
Santa Clara, CA

Exhibit at EDICON in Santa Clara and  
Generate Guaranteed Sales Leads!  

Contact Your MWJ Sales Representative for Details.

 component and system simulation ■ materials/PCB boards ■ devices and foundry services ■ components  
cables and connectors ■ test and measurement ■ verification ■ RF and microwave ■ 5G ■ IoT  

autonomous cars ■ radar ■ signal integrity ■ power integrity ■ EMC/EMI 

EDI CON is where high-frequency meets high speed: what’s similar, 
what’s different, and how we can learn from each other.  

See you in Santa Clara!

www.EDICONUSA.com

See us at IMS Booth 1834
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NewProducts

Spacek Labs
Frequency Quadrupler

Spacek Labs’ active 
frequency quadrupler, 
Model A487-4XW-19, is 
a frequency multiplier 
designed for output 
operation from 44 to 
51 GHz. Requiring only 
5 dBm input power, it is 

capable of generating 20 dBm typical output 
power across the entire frequency range with 
better than 35 dBc undesired harmonic rejec-
tion. This active quadrupler is ideal for use as a 
driver for subsequent multiplication used in 
very high frequency communication systems.
www.spaceklabs.com

Spectrum Instrumentation GmbH
16-Bit Digitizers

The new M2p.59xx se-
ries of 16-bit PCIe digi-
tizers from Spectrum 
deliver an unrivalled 
combination of fea-
tures, all packed into 

one very small half-size PCIe card. Further-
more, you can choose exactly the perfor-
mance level you need by selecting from 20 
different models. Units are available with sam-
pling rates of 20, 40, 80 and 125 MS/s, and 
with 1, 2, 4 or even 8 channels. Spectrum In-
strumentation offers a full fi ve year warranty.
www.spectrum-instrumentation.com

SPINNER
2.2-5 Calibration Kit

New applications such 
as small cells, MIMO 
and DAS are driving 
the development of 
even more compact 
network equipment 
and smaller connec-
tors to support the fur-

ther miniaturization of antennas and RRUs. 
The new 2.2-5 connector system is derived 
from 4.3-10 and delivers the same excellent 
electrical performance while only being half 
the size. It is now well on its way to being stan-
dardized, and SPINNER has already launched 
the fi rst high-precision calibration kit for it.
www.spinner-group.com

Wright Technologies
Multiplier

The model ASX40-
B217 multiplier 
product, with the 
output operating 

frequency range of 18 to 40 GHz. The output 
frequency range is further complemented with 
medium output power levels up to +17 dBm 
minimum across the entire frequency band. 
This multiplier features output harmonics bet-
ter than 20 dBc, and is designed with a cost-
effective four year warranty program. The ASX 
series products are offered in many different 
broadband frequency ranges listed in their re-
cently updated website.
www.wrighttec.com

DI OPEN RESONATORS

www.damaskosinc.com
(610)358-0200  fax(610)558-1019

⚫Std Sizes ⚫ No Contact ⚫ Easy Prep 

ε, tan δ - Cavity™ sfwr
Thin Sheets, Substrates, Resins, Foams

900T ~8 to 50 GHz
600T ~12 to 65+ & Model to 110 GHz

FREQUENCY SYNTHESIZERS 
to 34 GHz 

www.luffresearch.com 
Tel: 516-358-2880 USA luff research 

Model SLSM5 
 Great performance to 34 GHz (in bands) 
 1 kHz step size  
 Good phase noise  
 Frequency control 
 -RS485 (multidrop) 
 -USB via converter 
 -Supplied with evaluation GUI 
 Reference ext 10 MHz or int (±0.5 PPM) 
 Miniature package (2.5”x2.5”x0.63”) 
 DC power single 5V 
 Affordable and a great value 
In short we build so much performance 
into the SLSM5 that the only surprise is its 
price and affordability! 

RS485 (multidrop)
USB via converter

36th

MICRO-ADS
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INTEGRITY
POWER

INTEGRITY RF MICRO-
WAVE

EMC
EMI T & M

EDI CON
UNIVERSITY $200 $200 $200 TECHNICAL 

SESSIONS $200
$400 WORKSHOPS $400 $400 $400 $400
$600 $600 REGISTER

TODAY
EDICONUSA.

com $600 $600
$800 $800 $800 $800 $800 KEYNOTES

& PLENARY

PANELS $1000 $1000 $1000 $1000 $1000
$800 $800 $800 $800
$1000 $1000 $1000 $1000The Only Event 

Where
High Frequency

Meets
High Speed Design

2018

October 17-18, 2018
Santa Clara Convention Center

Santa Clara, California

2018

See us at IMS Booth 1834
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• Now gain online perpetual access to all your eBooks.

• Download your eBooks to your computers and mobile devices  
   for offline reading.

• Best of all, you can now copy and print up to 50% of your   
   eBook every 30 days!

• Go to www.artechhouse.com to order your eBooks now.

ARTECH HOUSE 
eBooks

M O R E  P R A C T I C A L 
M O R E  C O N V E N I E N T  
M O R E  F L E X I B L E

• Now gain online perpetual access to all your eBooks.

EXPERIENCE OUR BRAND NEW,  
IMPROVED EBOOKS…
NOW AT INTRODUCTORY 
50% SAVINGS 
FOR A LIMITED-TIME!

BookEnd

Based on the popular Artech House 
classic, Digital Communication 
Systems Engineering with Soft-

ware-De� ned Radio, this book provides 
a practical approach to quickly learn-
ing the software-de� ned radio (SDR) 
concepts needed for work in the � eld 
of wireless communications. This up-to-
date volume guides readers on how to 
quickly prototype wireless designs us-
ing SDR for real-world testing and ex-
perimentation. This book explores wire-
less communication techniques such 
as single-carrier waveform synchroniza-
tion, orthogonal division multiplexing 
(OFDM) and SDR hardware interfacing. 
Furthermore, readers will gain an under-
standing of how wireless hardware, such 
as the RF front-end, analog-to-digital 

timation and Matched Filtering; Frame 
Synchronization Message Decoding, 
and Source Coding; Equalization; Or-
thogonal Frequency Division Multiplex-
ing; HDL Code Generation and Deploy-
ment; WLAN Toolbox: OFDM Beacon 
Reception; LTE Toolbox: Downlink Re-
ception; Appendix SDR, FFT, SNR and 
Signal Manipulation.

and digital-to-analog converters, and 
various processing technologies, affect 
the behavior and performance of real-
world communication systems. Lessons 
are focused on hands-on examples 
based in the MATLAB® programming 
language to help accelerate the learn-
ing process for students.

Starting with fundamental concepts 
in digital communications, signal pro-
cessing and probability, this book will 
provide practical insights on topics such 
as timing estimation, carrier recovery, 
frame synchronization, equalization and 
OFDM in order to enable the reader to 
ultimately implement and experiment 
with real-world communication systems 
using SDR. All experiments and exer-
cises are built around the ADALM-PLU-
TO Active Learning Module (PlutoSDR) 
from Analog Devices Inc., an affordable 
and versatile SDR platform available to 
both students and professional engi-
neers, with code written in MATLAB. 

Contents: What is SDR; Signal & Sys-
tem Overview; Probability Review; Digi-
tal Communications Review; Coarse and 
Fine Frequency Correction; Timing Es-

Software-
De� ned Radio 
for Engineers  

Travis F. Collins, 
Robin Getz, 

Di Pu and Alexander 
M. Wyglinski

To order this book, contact:
Artech House

www.artechhouse.com
Email: artech@artechhouse.com

US 800-225-9977
UK +44 (0)20 70596 8750

Now Available
ISBN:  978-1-63081-457-1

378 pages 
$159, £127
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May Short Course Webinars

Past Webinars On Demand

Perspective Education Training ............................ 5/2
Recent Radar and Phased-Array Break-
throughs
Sponsored by: Rohde & Schwarz

Innovations in EDA ............................................... 5/3
Designing Phased Arrays With Confidence
Sponsored by: Keysight Technologies

Perspective Education Training ...........................  5/8
SiGe or CMOS: Choosing the Right Technol-
ogy When Performance is the Priority
Sponsored by: GLOBALFOUNDRIES

Register to attend at mwjournal.com/webinars

LEARNING
CENTER Presented by:

RF and Microwave Filters RF/Microwave Power and Noise  
Measurement

Sponsored by: 

Presented by: Dr. Bob Froelich, Besser Associates

microwavejournal.com/events/1750

Sponsored by: 

Presented by: Dr. David Linton B.Sc., PhD, CEng, CPhys., 
FIET, SMIEEE, F.Inst.P.  

microwavejournal.com/events/1752

Signal Integrity Journal’s Webinar ...................  5/16
Power Integrity
Sponsored by: Rohde & Schwarz

Signal Integrity Journal’s Webinar ...................  5/22
Practical PCB Layout for SI/PI/EMC: What an EE 
Needs to Know to Survive PCB Manufacturing
Sponsored by: Passive Plus

Perspective Eductation Training .......................  5/23
Technology and Market Outlook for Next  
Generation MilSatComs
Sponsored by: Rohde & Schwarz
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CABLESCABLES
TM

HAND
FLEX

Mini-Circuits®

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

Hand Flex Cables conform to 
any shape  required.

BNCSMA Right Angle SMA Bulkhead N-TypeSMA SMP Right Angle N-Type BulkheadSMP

NEW!

2.92mm

NEW!

 Get the performance of semi-rigid cable, and the 
versatility of a flexible assembly. Mini-Circuits Hand Flex 
cables offer the mechanical and electrical stability of semi-rigid 
cables, but they’re easily shaped by hand to quickly form any 
configuration needed for your assembly, system, or test rack. 
Wherever they’re used, the savings in time and materials really 
adds up!

 Excellent return loss, low insertion loss, DC-40 GHz.
Hand Flex cables deliver excellent return loss (33 dB typ. at 9 GHz 
for a 3-inch cable) and low insertion loss (0.2 dB typ. at 9 GHz for 
a 3-inch cable). Why waste time measuring and bending semi-
rigid cables when you can easily install a Hand Flex interconnect?

 Two popular diameters to fit your needs.
Hand Flex cables are now available in 0.047", 0.086" and 0.141" 
diameters, with a tight bend radius of 3.2, 6 or 8 mm, respectively. 
Choose from SMA, SMA Right-Angle, SMA Bulkhead, SMP 
Right-Angle Snap-On and N-Type connectors to support a wide 
variety of system configurations.

 Standard   lengths in stock, custom models available.
Standard lengths from 3" to 50" are in stock for same-day shipping. 
You can even get a Designer’s Kit, so you always have a few on 
hand. Custom lengths and right-angle models are also available by 
preorder. Check out our website for details, and simplify your 
high-frequency connections with Hand Flex! o S

C O M P L I A N T

RoHS compliant

DC - 40 GHz! $1295
ea. (qty. 1-9)from

NOW!

482 Rev Q_FlexCablesAd.indd   1 4/3/18   12:51 PM

See us at IMS Booth 203
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For more information contact Jaime Leger at 401.487.8566 or leger@slnadv.com

SLN has been the leading b2b marketing firm specializing in integrated 
traditional and new rich digital media for RF & Microwave and Wireless 
companies for over two decades.  We understand the constant challenges 
for our clients and developed the skill sets and built the teams for every 
aspect of marketing communications.  

The marcom landscape has changed dramatically.  SLN and our clients have 
changed with it.  Our in-house services include: Strategy, Branding, Content 
Creation, Graphic Design, PR & Social Media, Digital Marketing, Tradeshows 
and Video.  I invite you to visit our clients and me at IMS 2018.  See some 
best practices that have made our clients leaders in their markets.

IoT

Aerospace / Defense

Telecommunications

Autonomous Vehicles

Stay marketed, my friends.

I don't work with just  anyone, but when I do, 
I prefer the leaders in RF & Microwave.
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Best Performing, Highest Power and Highest Frequency Power Ampli� ers in the World 

S
urrounded by pastoral � elds in Souderton, Penn-
sylvania, the modern building with its distinctive 
orange is immediately recognizable, mirroring the 

trim on the high-power ampli� ers that built AR. Now four 
businesses with a sta�  of more than 200, AR began in 
founder Donald “Shep” Shepherd’s base ment in 1969, 
motivated by his vision to supply the best performing, 
highest power and highest frequency power ampli� ers 
(PA) in the world. AR’s success achieving that vision is 
re� ected in many ways, with power the most impressive 
metric. 

In 1988, AR developed the � rst 100 W solid-state 
PA covering 100 MHz to 1 GHz, a record at the time. By 
2015, AR had achieved a 50,000 W CW, class A, solid-
state ampli� er. To develop and manufacture PAs deliver-
ing more than 100 kW, AR expanded its Souderton 
facility with a two-story addition, comprising 10,000 
ft2 and some 2 MW of electric capacity, clearly di� eren-
tiating AR among high-power ampli� er suppliers.

AR’s PAs are the industry standard for electromag-
netic compatibility (EMC) testing and have been widely 
adopted for sub-6 GHz wireless test and measure-
ment, growing with the dynamic mobile market. AR is 
also well-known in the defense community, with PAs 
covering the electronic warfare (EW) bands from 700 
MHz to 18 GHz. In all markets, AR strives to provide 
the best performance at a reasonable price, perfor-
mance de� ned by output power, � atness, linearity and 
ruggedness to high VSWR loads.

To meet the company’s goals for performance, price 
and quality—ampli� ers that are built to last forever 
—AR builds its own solid-state PA modules internally 

in the company’s Microelectronics (MET) lab. Recently 
expanded to add capabilities and increase capacity, 
the MET lab has 2000 ft2 dedicated to production 
and 1000 ft2 for design, both in a class 100,000 
clean room that can be converted to class 10,000 if 
required. The PA design team brings some 200 years 
of experience to new designs and is complemented 
with engineers providing system, mechanical, digital 
hardware and software expertise. Once products are in 
production, AR’s customers are supported by a tech-
nical applications team and the most comprehensive 
warranty in the industry.

To achieve the highest power density, most PAs use 
GaN semiconductor devices, assembled into modules 
with chip-and-wire technology. MET lab capabilities 
include eutectic and epoxy die a� ach and a full range 
of wire bonding processes, with two fully-automated 
wire bonders and � ve semi-automatic bonders. To 
verify these processes provide void-free die a� ach, AR 
employs X-ray inspection. A nearby test lab handles any 
special tests that AR doesn’t perform internally.

The future for AR is certain: higher power and higher 
frequency, including products to support the emerging 
wireless millimeter wave markets. As one example, new 
solid-state � eld generating systems combine a solid-
state PA and antenna to achieve electric � elds up to 50 
V/m at 1 m, from 18 to 26.5 GHz and 26.5 to 40 GHz. 

Almost 50 years after starting AR, Shep, who now 
serves as chairman of the board, maintains his found-
ing vision: “As customers require larger, more powerful 
ampli� ers, we’ll be ready for their future needs.”
www.arworld.us
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Be ahead in 5G.
Be ready for the future.
Your 5G NR test and measurement challenges are our motivation to provide 
innovative solutions for your success. Bring your products to market more 
quickly and safely with Rohde & Schwarz test solutions. As a world market 
and technology leader in all areas of RF and microwave test and measurement 
equipment, we support the entire mobile technology lifecycle for performing 
measurements in the lab, in production and in the field.
Be ahead with Rohde & Schwarz in
❙ 5G NR testing in the sub 6 GHz and mmWave range
❙ Over-the-air (OTA) antenna and transceiver characterization
❙ Network and mobile endpoint security

Discover the Rohde & Schwarz test solutions at 
www.rohde-schwarz.com/5G

21046.007_5G_MWJ-Mai18_198x273_e.indd   1 16.04.18   11:09 Uhr
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True RMS In-Line Power Meters

• Forward Power Reading/Monitoring (Watts or dBm)

Instantaneous & Simultaneous

• Reverse Power Reading/Monitoring (Watts or dBm)

VSWR Alarm
• Alarm Level Set By Customer

• Signal Sent to Closed Loop

• Customer can Set Up Audio/Visual Alarm via Alarm    
   Relay Contacts

Temperature Monitoring (with Alarm)
• One Sensor, Internal Measurement, within Power Meter
• One Sensor, External Measurement, To Be Placed By 
  Customer

• POE (Passive Over Ethernet, Optional POE Injector 
   Kit Available)

• AC Power Adapter (100/240 50-60 Hertz V AC)
Power

• Via RS485 (Via Single Channel or Multi-Channel Displays)

• ± 1% to Customer Calibration Standard, at 
   Preselected Frequencies

Accuracy

• ± 5% over a Multi-Octave Bandwidth
• Werlatone Calibration Traceable to (NIST)
   National Institute of Standards and Technology  

• RS232, Serial

• TCP/IP - SNMP and Browser Interface via Local Area 
   Network

Interface (Via)

• RS485 - Form Addressable Serial Network
• User ID and Password Protected for Access and Control
• Multiple units can be Networked and Simultaneously 
   Monitored On-Site or Remotely (TCP/IP/SNMP/Serial)

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

• VSWR Reading (Watts, Return Loss, Rho)

• Local and/or Remote Monitoring

Werlatone, Inc.   17 Jon Barrett Road Patterson, NY 12563   845-278-2220   sales@werlatone.com   www.werlatone.com

No Calibration Required
40 dB Dynamic Range

Optimal Accuracy
Compact & Easily Transportable

Accessories
• Single Channel and Multi-Channel Displays 
   (1U Rack, Graphical User Interface)
• RF Digital Dashboard Spreadsheet Software, 
  (Simultaneously Monitor Outputs of 30+ 
  Power Meters)
• PC Based Graphical User Interface Windows
   XP/7/8/10 Compatible

wss







RoHS Compliant Design Available
Custom Connector Configurations Available

See us at IMS Booth 1008
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Articles To Make 
You Smarter 
From 5G to the IoT

6

A collection of the most compelling articles 
on all things RF from Qorvo.com.
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Feed Your Genius
Check out our design hub

MatchCalcTM  

RF Design Calculator

Qorvo connects the world. From the 
IoT and smartphones to defense and 
everything in between. Explore our 
resources to find out how.

Videos

Whitepapers

Downloadable Software

GaN Models
Qorvo GaN Library 

Qorvo MatchCalcTM  

Design Tools

© Qorvo, Inc. | 2018. QORVO is a registered trademark of Qorvo, Inc. in the U.S. and in other countries. 

www.qorvo.com/designhub

Block 
Diagrams

eBooks

Blogs

Brochures

Published
Articles
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Introduction

Tesla’s “Maximum Plaid” speed mode rockets its new 
Roadster from 0-60 in 1.9 seconds. If you think that’s 
fast, go ahead and Google “5G.”

5G is plaid for cellular networking – a next-generation 
mobile network that promises not only ten-times the 
available spectrum, for ten-times the download speeds, 
but across ten-times the devices and with a fraction of 
the latency.

The move from 1Gbps to 10Gbps speeds will support 
bandwidth-intensive applications like high-definition 
video and virtual reality, and near real-time connections 
will enable ultra-low latency applications like 
autonomous cars, remote surgery and specialized 
applications within the Internet of Things (IoT).

5G is impressive, but – spoiler alert – it isn’t entirely new. The road to 5G runs through 4G wireless 
infrastructure, and improvements to 4G technologies like carrier aggregation (CA), small cells, massive 
multiple-input and multiple-output (MIMO) and beamforming will satisfy our need for 5G speed.

Carrier Aggregation

IDC forecasts that by 2025 the global datasphere will grow to 163 zettabytes. For the folks at home, that’s  
163 trillion gigabytes. Much of this will be mobile data, transmitted in real-time between phones and IoT devices.

As demand for mobile data increases, mobile carriers and manufacturers face a conundrum. There is a finite 
amount of radio frequency spectrum at any given time, but they must increase capacity and offer faster 
data speeds to meet user demand. The key is squeezing the most out of existing RF spectrum – and for that, 
there’s CA.

CA is a technique that combines multiple carrier signals – or “channels” – to increase network performance. 
As consumers, we love CA, because we hate buffering. CA accelerates downloads and uploads, allowing 
cellular networks to move more data, faster.

Gamers and Instagram influencers, rejoice!

CA is already used to combine multiple 4G LTE-advanced frequency bands. As we approach 5G, cellular 
service providers will seek to squeeze even more bandwidth out of existing spectrum by combining as many 
as five channels.

5G and the Need for Speed

qorvo.com            3
Content is copyright protected and provided for personal use only  - not for reproduction or retransmission.

For reprints please contact the Publisher.



Small Cell

Cellular base stations connected to cell towers carry 
signals over the river and through the woods to the dinner 
table at grandma’s house. Because 5G builds on the 4G 
foundation, carriers can simply upgrade these towers to 
support higher 5G frequencies, like 28 GHz and 39 GHz.

There’s a catch. These millimeter wave (mmWave) 
frequencies cannot penetrate walls or buildings. Thick 
walls, frame and cement impede mmWave signals, turning 
downtown into a dead zone. Plus, being far from a base 
station is a drag – on your battery life, that is.

This is where small cells come in: mini base stations that act as a relay team to transmit around objects, 
improve battery life and deliver an extra boost in densely populated areas, like sports stadiums, airports and 
urban centers. Small cells also help service providers avoid satellite dish syndrome, eliminating expensive 
rooftop systems while extending coverage.

Massive MIMO

I say, “massive,” you say, “tiny antennas!” 

Maybe not, unless you’re an RF engineer familiar with massive 
MIMO. Massive MIMO is a fancy term for equipping cell towers  
with more antennas to extend network capacity without requiring more spectrum. Sound familiar?

We’re not talking an antenna or two. Massive MIMO systems have ten times more antennas than traditional 
MIMO systems to connect to multiple devices at once. At Mobile World Congress, Nokia and Sprint 
demonstrated massive MIMO technology with 64 antennas each for uplink and downlink. According to CIO, 
this increased capacity by as much as eight times for downloads and as much as five times for uploads.

Massive MIMO has been called the backbone of 5G. Without it, operators could not handle the bandwidth and 
capacity requirements for the next-generation network. Tiny antennas, massive impact.

Beamforming

Tiny antennas also cause massive interference problems.

Enter beamforming, and no that’s not a teleporter. 
Beamforming technology drives signals directly to the point 
of use. We see this with many new Wi-Fi routers, where 
beamforming is used to focus the Wi-Fi signal and improve 
signal strength and range.

Beamforming is used similarly in base stations. With this technology, base station antennas focus data 
streams as they leave the tower, improving speed and reliability for consumer devices.

So, whether you’re video chatting across the country or sharing cat memes across the table, take a moment 
to thank these 4G technologies for the speed.

Oh, and buckle your seatbelts. We’re going to plaid.

Tiny antennas,
massive impact.

Beamforming 
technology drives 
signals directly to 
the point of use.

4          qorvo.com
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Active antenna systems (AAS), beamforming, beam steering, 
fixed wireless access: the transition to 5G is bringing new 
terminology and technologies to life in the commercial space. At 
its heart, 5G begins with the carrier network and how it enables 
these next-generation technologies. This article explains some 
of the key RF communication technologies that will enable 5G 
base stations and networks.

This article is an excerpt from Chapter 4 of our e-book, 5G RF For Dummies®. 

5G Begins With The Carrier Network

5G networks must handle many functions that require different active antenna systems to meet the 
challenges of enhanced mobile broadband (eMBB), massive machine-type communications (mMTC), and ultra 
reliable low-latency communications (uRLLC).

One of the first major applications will be active antenna systems in the mmWave bands, providing FWA. 
FWA provides an initial stepping stone toward 5G in the mmWave bands. Carriers and infrastructure 
manufacturers alike have been conducting trials and plan to offer this service as a more scalable and 
economical way to deliver broadband. Although this service is for nomadic and fixed users, it is being 
designed with true mobility in mind. This allows carriers to get their feet wet in new mmWave technologies – 
such as phased array antennas and hybrid beamforming – that will be the basis of mobile 5G.

A very recent twist in 3GPP standards definition – the addition of an accelerated path, called non-standalone 
(NSA) 5G – as a cost-effective way to bring early 5G benefits to market without the expense of building out the 
5G network core needed for standalone (SA) 5G. NSA accomplishes this by using an existing 4G 3GPP band as 
an LTE anchor in the control plane.

AAS/FD-MIMO

The AAS is an advanced base station platform with 
optimized cost, structure, and performance. 4G release 
12 enhancements significantly impacted how enhanced 
NodeB (eNodeB) radios are designed. Release 12 items 
included new combinations of carrier aggregation, spatial 
multiplexing enhancements with downlink MIMO (multiple 
input/multiple output), and RF requirements needed in 
AAS. This first figure summarizes portions of the release 
12 items with respective features and benefits.

qorvo.com          5

The active antenna 
system (AAS) is 
an advanced base 
station platform.

How Carrier Networks Will Enable 5G
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MIMO technology uses multiple antennas installed at both the source (transmitter) and destination (receiver), 
to improve capacity and efficiency. As shown in the previous figure, more antennas equals more data stream 
layers. This results in a bigger data pipe to a single user or multiple data pipes to separate users, also known as 
multi-user (MU) MIMO.

Massive MIMO takes MIMO to the next level. Today’s MIMO deployments typically consist of up to eight antennas 
on the base station and one or two antennas on the receiver. This allows the base station to simultaneously 
transmit eight streams to eight different users or double down and send two streams to four users. Massive 
MIMO scales to dozens or hundreds – theoretically thousands – of antennas, providing capabilities and benefits 
that include the following:

• Vastly improved capacity and reliability

• Higher data rates and lower latency

• Better connections (especially with the challenging higher frequencies to be used for 5G)

• Less intercell interference

• Greater efficiency and better signal coverage enabled by beamforming

Evolution of LTE Advanced eNodeB Radio Antennas

Carrier Aggregation

Multiple Component Carriers
Across Multiple RF Bands

Higher Peak Data Rates
Bits/Sec

8x8 DL MIMO and 4x4 UL MIMO
SU-MIMO and MU-MIMO

Better Spectral E�ciency
Bits/Sec/Hz

Beamforming and Beam Steering 
Embedded RF

Increase Capacity and Coverage
Bits/Sec/SQKM

Spatial Multiplexing Active Antenna Systems

LTE CC1

eNodeB eNodeB
AAS

eNodeB

LTE CC2
LTE CC3

LTE CC4
LTE CC5

CA

100 MHz

MIMO

UE

UE

UE

UE

UE

UE
UE

UE

©2017 Qorvo, Inc.

Evolution of LTE Advanced eNodeB Radio Antennas

This operation dynamically points the antenna pattern 
on a per-user basis, providing a better link and higher 
capacity to that user. In turn, this allows him to offload 
his traffic and free the radio resources more quickly, 
which can then be used by others, resulting in a net 
increase in aggregate capacity for the entire cell.

Antenna Beam Forming

Azimuth (Horizontal)
Beamforming

Elevation (Vertical)
BeamformingAAS/FD-MIMO Base Station

©2017 Qorvo, Inc.

The figure to the 
right Illustrates 
how an AAS/full-
dimension (FD) MIMO 
base station can 
direct beams in both 
the horizontal and 
vertical directions.
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One of the obvious advantages of 5G FWA is 
its ability to support very high peak data rates 
without requiring dedicated fixed facilities for 
each individual user. To enable higher peak data 
rates and greater system capacity, FWA radios 
will make use of new higher frequency bands 
from 24 GHz up to 42 GHz and potentially  
even higher.

Using larger antenna arrays provides 
additional beamforming to overcome more 
severe propagation challenges encountered at 
mmWave frequency ranges. These arrays can 
have hundreds of elements but due to the short 
wavelength are extremely compact. For example, 
a 64-element antenna array at 30 GHz is only 40 
mm x 40 mm. Large arrays provide very focused 
beams that can be redirected in less than a micro-second. In addition, the large phased array can act  
as a single array or as multiple independent subarrays with unique beams directed to service multiple user 
terminals simultaneously on the same frequency resource. 

qorvo.com            7 

Active Antenna System and Beam Steering RFFE (2x2 LTE RF Front End)Active Antenna System and Beam Steering RFFE (2x2 LTE RF Front End)
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The figure to the left 
illustrates how AAS 
uses beam steering 
to provide end-to-end 
fixed wireless access 
(FWA) connectivity 
to customer premise 
equipment (CPE) 
located in commercial 
buildings and 
residential homes.

5G End-to-End Fixed Wireless Access (FWA) 
Networking Using Beam Steering

Active Antenna System

Customer Premise 
Equipment

Customer Premise 
Equipment

Edge
Data Center

Customer Premise 
Equipment

Central Data 
Center

©2017 Qorvo, Inc.
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Let’s examine some of the challenges that RF engineers will face when designing for 802.11ax  
and some tips on how to overcome them.

Some Background: 5 OFDMA PPDU Formats For 802.11ax

When developing Wi-Fi access points, designers must consider many wireless technology standards:

But first, let’s look at the foundational signal structure for 802.11ax – the physical layer protocol data units that 
Wi-Fi clients and devices use to communicate.

802.11ax uses five formats for its OFDMA PPDU:

• Single user (HE-SU): for transmitting data from a single user

• Multi user (HE-MU): for transmitting data to one or more users that isn’t in response to a trigger frame

• Outdoor (HE-xSU): for outdoor transmission for a single user, this format is new in 802.11ax

• Trigger response (HE-TRIG): for transmitting data in response to a trigger frame, used to coordinate uplink  
   MU-MIMO or uplink OFDMA transmissions with the access point

• Downlink channel sounding (HE-NDP): for beamforming and downlink channel sounding

See the image at the end of this section for details of the frame packets and fields within each PPDU format.

Wait Or Sleep Times: What Are The Challenges For The RF Front End?

One thing 802.11ax adds is target wait time (TWT) – also known as sleep times – which allows a device to stay in 
a sleep state longer before transmitting data. This resource scheduling improves battery life and means a better 
experience for a consumer. 

TWT in 802.11ax

Designing for 802.11ax Wi-Fi:
Common Challenges and Tips
to Overcome Them
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However, latency in turn-on mode could be an underlying challenge. TWT also brings the following:  

• High susceptibility to frequency and clock offsets in OFDMA. Unlike LTE base station technologies, 802.11ax 
doesn’t have a synchronized clock signal. As a result, devices will rely on the access point to keep all the devices 
on the network synchronized. Additionally, 11ax uses longer OFDM symbols than 11ac, which means more data 
comes through. In short, the access point will have to work harder – and be more accurate – than in the past.

• Flatness maintained over a longer time period. The specs we’ve received from some of our chipset partners 
show that the initial power amplifier (PA) turn-on time has not changed in 802.11ax; it’s still 200-400 
nanoseconds. However, the gain flatness has been extended, guaranteeing the front-end module (FEM) has no 
gain expansion or gain droop for the duration of the packet. 

Indoor vs. Outdoor Wi-Fi: What Are the Similarities And Differences?

For 802.11ax to work across all environments, both indoor Wi-Fi and outdoor base stations or small cells will be 
required.

The front-end development is very similar for indoor and outdoor environments. The coexistence strategy –  
out-of-band rejection, harmonic filtering and frequency range – is similar.

The main differences between indoor and outdoor environments include:

• A new data packet structure for outdoor. As we mentioned earlier, 802.11ax adds an entirely new data packet 
format for outdoor Wi-Fi, the HE-xSU PPDU format (shown in the PPDU figure at the end of this blog post). The 
extended range of the outdoor PPDU format allows the Wi-Fi signal to travel longer distances, as is typical for an 
outdoor Wi-Fi environment.

• Power levels and the resulting thermal considerations. Although some customer premises equipment (CPE) 
applications have similar power targets as mobile, there is also a high-power category, which means thermal 
management is even more important.

Designing For Tighter System Requirements In 802.11ax

The modulation scheme used in 802.11ax, 1024 QAM, 
quadruples the wireless speeds. But it also means the system 
becomes more sensitive to internal and external impairments.

Here are some of the design challenges that engineers  
should be aware of:

• Tighter linearity specs for the PA. The tighter constellation 
density in 1024 QAM drives the PA linearity requirement to 
approximately -47 dB EVM in 802.11ax. (However, there are 
efforts to relax the system EVM requirement per IEEE doc 
11-17-1350.) Also, don’t forget to assess the test systems 
required to measure these EVM levels for FEMs/iFEMs.

• Low noise amplifiers (LNAs) must have a lower NF.  
   Earlier reference designs required LNAs to have a noise 
   figure (NF) target range of 2.5-3 dB. In 802.11ax, system 
   sensitivity targets drive new LNA targets of 1.5-1.8 dB NF.

• Gain expansion/droop. Ten years ago, the gain imbalance target was 1 dB. Now it has decreased to 0.3-0.5 dB. As
   shown in the following figure, gain and phase imbalance are being pushed to the lower left to attain -47 dB EVM.  

• The overall system margin. From a design perspective, the target PA specification is -47 dB EVM, but the actual 
system spec is -35 dB EVM. Chipset partners will typically drive for system margin.
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To address all these design challenges, engineers and marketing can consider the following:

• Increase current consumption to meet EVM targets. A system will typically achieve better EVM if you increase 
Icc, but it will also lower the power-added efficiency (PAE). To achieve a decent PAE and linearity tradeoff, you 
need to optimize these major focus areas:

- Load line
- Interstage matching
- Bias circuit design
- Digital predistortion (DPD)
- Envelope tracking (ET)

• Design assumptions: Ask if the device needs to be best-in-class for the premium tier or serve mass tier. The 
answer really depends on the market, because requirements vary by customer and application. Early adopters 
and flagship premium products may push for best-in-class performance (-47 dB EVM). In contrast, if the product 
is for mass tier or the low-cost market, devices probably won’t be required to support 802.11ax for a few years 
after initial adoption in the premium tier.

A Final Thought: Designing For A Standard That’s Still In Flux

Above all, remember that the 802.11ax spec is still being defined, and you should work with your applications 
team to maximize your product designs for the emerging standard. Qorvo is committed to helping customers and 
providing design expertise as this Wi-Fi standard takes shape. 

You can also read these resources from some of our hardware partners to dive into technical details of this 
developing technology.

OFDMA PPDU Formats
5 Formats for 802.11ax (High-Efficiency Wireless)
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There are any number of strategies that consumers can try to fix interference problems with Wi-Fi in their  
homes – moving the router, reconnecting the device to their Wi-Fi network, power cycling the modem… 
and calling their service provider when nothing works and they don’t know what else 
to try. But as an RF engineer, how can you design a Wi-Fi access point that addresses 
the biggest interference issues from the outset?

This blog post examines the following factors that can impact Wi-Fi interference:

• The need to support multiple wireless standards

• Different types of interference

• Why band edges matter

• The importance of high-performance bandedge and coexistence BAW filters

One Access Point, Many Standards

When developing Wi-Fi access points, designers must consider many wireless technology standards:

• Standards that operate at short and mid coverage ranges, 
   such as Bluetooth, Zigbee and Z-Wave

• Standards that operate at higher power levels and short  
   and long ranges, including Wi-Fi, 3G/4G LTE and 5G

Many of these standards can interfere with each other,  
leading to connectivity problems for users.

And then there’s unlicensed spectrum to contend with. Licensed 
and unlicensed networks are becoming more important 
factors as constrained wireless communications offload data 
to continually expand capacity. Also, the new Internet of Things 
(IoT) realm draws heavily on this unlicensed spectrum.

The challenge is to keep all these licensed and unlicensed bands and multiple protocols working in conjunction 
with each other without interference difficulties.
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Different Types Of Interference:  
From In-Device To LTE And Bluetooth

Interference can occur within a device or between devices, including between wireless carrier signals or 
between wireless standards. The most common interference scenario is Bluetooth and LTE with Wi-Fi 
because these technologies are so widespread. Let’s look at some of these in more detail.

Resolving Interference in a Crowded 
Wi-Fi Environment Using BAW Filters
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• In-device coexistence: For in-device coexistence, the system’s multiple antenna architectures can interfere 
with each other. As a result, the coupling between the affected antennas (antenna isolation) is compromised. 
The foreign transmit (Tx) signal increases the noise power at the affected receiver, which has a negative 
impact on the signal-to-noise ratio. The receive (Rx) sensitivity decreases, which causes what engineers  
call “desensitization.”

Desensitization is a degradation of the sensitivity of the receiver due to external noise sources, and results 
in dropped or interrupted wireless connections. It isn’t a new problem – early radios encountered receiver 
sensitivity when other components became active – but now it’s particularly troublesome for today’s wireless 
technologies, including smartphones, Wi-Fi routers, Bluetooth speakers and other devices.

The primary “desense” scenarios are:
• Two radio systems occupy bordering frequencies, and carrier leakage occurs
• The harmonics of one transmitter fall on the carrier frequencies used by another system
• Two radio systems share the same frequencies

• LTE and Wi-Fi: As shown in the below figure, several LTE bands – Bands 40, 7 and 41 – are very close to the 
Wi-Fi band channels. Leakage into the adjacent Wi-Fi radio band is very probable at both the high and low 
end of the 2.4 GHz band. Without proper system design, the cellular and Wi-Fi channels 1 and 11 can interfere 
with each other’s transmissions and receive capability.

• Bluetooth and Wi-Fi: Bluetooth and Wi-Fi transmit in different ways using differing protocols, but they operate 
in the same frequency ranges, as shown in the following figure. As a result, when Wi-Fi operates in the 2.4 GHz 
band, Wi-Fi and Bluetooth transmissions can interfere with each other. Because Bluetooth and Wi-Fi radios 
often operate in the same physical area (such as inside an access point), interference between these two 
standards can impact the performance and reliability of both wireless interfaces.

     

Spectrum Example of Wi-Fi Bandedge

©2017 Qorvo, Inc.
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In-Device and External Interference
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ISM, Wi-Fi & Bluetooth Channel Frequencies

Why Bandedges Matter For Wi-Fi Coexistence

One way federal governments have tried to help 
consumers is by regulating the emissions and 
spectrum of many electronic devices and requiring 
consumer products to undergo compliance testing.

In the United States, the federal communications 
commission (FCC) requires that most RF devices 
undergo testing to demonstrate compliance to 
FCC rules. They enforce strict bandedges by 
requiring steep skirts on the lower and upper 
Wi-Fi frequencies, to help with coexistence with 
neighboring spectrum.

There are two ways for Wi-Fi access points to meet this FCC requirement:

• Back off the power level on Wi-Fi channel 1 and 11, because they’re at the edge of the Wi-Fi spectrum

• Use filters with very steep bandedges

Design Tips To Overcome Interference Challenges: Use High-Q BAW Filters

Our approach is to use high-performance coexistence and bandedge filters, to allow Wi-Fi transmitters to operate 
close to the upper and lower FCC bandedges.

Customers have had success using high-Q bulk acoustic wave (BAW) bandpass filters, 
which offer many advantages:

• Extremely steep skirts that simultaneously exhibit low loss in the Wi-Fi band and high rejection in the band 
   edge and adjacent LTE/TD-LTE bands

• Significant size reductions, which aid designers in creating smaller, more attractive end-user devices for  
   homes and office environments

• Resolves coexistence of Wi-Fi and LTE signals within the same device or near one another

• Unique power handling capabilities, allowing for implementation into high-performance, high-power access 
  points and small cell base stations
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These filters address the stringent thermal challenges of multi-user multiple-input/multiple-output (MU-MIMO) 
systems, without compromising harmonic compliance and emissions performance. This is critical to achieving 
reliable coverage across the full allocated spectrum.

But why do high-Q BAW filters make such a difference for FCC band edges?

#1: BAW devices have lower insertion loss, steeper band edges and better temperature stability than SAW 
technology at Wi-Fi frequencies
As you move into higher bandwidths like Wi-Fi, surface acoustic wave (SAW) devices can suffer from higher 
insertion losses than BAW due to radiation of acoustic energy into the bulk of the substrate. As shown in the 
following figure, as you move up (to the right) in frequency, you can see high-Q BAW is a good option for filter 
designs due to this bulk radiation loss effect. Also, BAW maintains the steep skirts required for FCC band 
edges; SAW can’t meet the performance requirements at these higher frequencies.

BAW also has better temperature stability than other technologies, which gives it an advantage during FCC 
certification tests. Most Wi-Fi designs are created at room temperature (20-25°C) on a bench, but the system 
in its application environment can actually operate around 60-80°C. Insertion loss increases as temperature 
increases, and failing to estimate for this can cause issues during product certification. Using BAW reduces the 
shifts in insertion loss and makes certification test results more predictable. 

Learn more about BAW versus SAW in our free e-book, RF Filter Technologies For Dummies® (Volume 1).

#2: BAW filtering can help engineers provide seamless transitioning between interfering bands
As shown in the following figure, the bandedge response is better using a filter than without it, and it allows 
designers to push the limit on RF front-end output power while meeting the FCC requirement for power spectral 
density. This means bandedge BAW filtering allows operators and manufacturers to deliver high-speed data and 
greater bandwidth by using spectrum that might be lost with no filtering.

BAW Versus SAW Technology

FCC Restricted Bandedge With and Without BAW Filter
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#3: High-Q BAW bandedge filters can extend the range in channel 1 and 11 by 2-3 times
Wi-Fi designers normally must set the entire unit power to whatever the lowest bandedge-compliant power 
is for all channels. So, if the compliant channel at channel 1 is 15 dBm but channel 6 can achieve 23 dBm, the 
designer settles the entire power control scheme to 15 dBm. Using bandedge filtering allows designers to set the 
power scheme to much higher powers, thus making it possible to use fewer RF chains to achieve their goals.

BAW bandedge filters can also exhibit power handling capabilities for transmitting up to 28 dBm. This can 
improve system performance by greater than 15 percent and enable 5G multi-MIMO with less co-channel 
interference. 

CPE developers who don’t use bandedge filtering have difficulty meeting FCC requirements on Wi-Fi band 
channels 1 and 11. In contrast, when high-Q BAW bandedge filters are used, it allows the CPE designer to keep 
the power level the same throughout all the channels (1 – 11).

To paint the picture, here’s the difference in user experience with and without bandedge filters:

• Without bandedge filters: Let’s assume you’re in a 
house with several individuals using Wi-Fi and mobile 
phones. You’re on Wi-Fi using channel 5, streaming 
a football game and experiencing no buffering or 
interruption. But then new mobile users arrive in 
the house and begin to take over your channel 5 
Wi-Fi space. The CPE unit adjusts and bounces you 
to channel 1 to free up more space on channel 5. If 
the Wi-Fi unit doesn’t have bandedge filters (as in 
the block diagram on the left), your Wi-Fi strength 
and streaming degrade to the point where buffering 
occurs. Why? Because to meet the FCC requirement, 
the CPE unit must back off its power in channel 1 so it 
doesn’t interfere with adjacent cellular bands.

• With bandedge filters: However, if the CPE unit had been designed with bandedge filters (as shown in the 
block diagram on the right), channel 1 and 11 would not be compromised and the power level would not 
require backoff. You can watch your streamed football game without any buffering.

Go In Depth: How Qorvo Wi-Fi Solutions  
Can Help Solve Interference Challenges

In a connected world with more and more devices and 
wireless standards, coexistence and interference issues will 
not go away. To make use of every bit of spectrum available, 
Wi-Fi designs with high-Q BAW filters can improve the 
performance of Wi-Fi access points.
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Replacing legacy systems with next-generation technology isn’t always a one-to-one fix. This blog describes 
spatial combining, why it’s important for sensitive equipment like electronic countermeasures (ECMs) and 
how it helps achieve the highest levels of power available.

Power In The Past

Historically, vacuum tube amplifiers were used for all amplifiers, from audio 
frequency to RF and microwave, as well as for lighting and the displays for our 
television sets. Traveling wave tube amplifiers (TWTAs) have continued to provide 
high-power amplification at microwave frequencies over broad bandwidths.

But vacuum tubes, typically in the multi-kV range, have lower reliability than 
solid-state devices, with low-voltage power supplies, and over time, the supply 
of vacuum tubes and the expertise to manufacture them have decreased. As 
a result, most vacuum tubes have been replaced with solid-state alternatives, 
except in applications such as microwave ovens and electronic warfare (EW), 
which required vacuum tubes to generate the higher power levels necessary for 
equipment like ECM jamming transmitters.

But power combining techniques now make it possible to achieve these power levels with solid-state devices.

Spatial Combining: What It Is And Why It’s Important

ECM systems comprise receivers, processors, displays and jamming transmitters. Only recently have solid-
state solutions been able to meet the power and bandwidth requirements of ECM jamming transmitters, due 
to the advent of gallium nitride (GaN) power amplifier MMICs and low-loss, broadband combining techniques. 
However, a single GaN MMIC still has insufficient power for most ECM systems, which can have requirements 
of more than 100 watts from 1.5-7.5 GHz. Solid-state devices must combine multiple power amplifiers to 
reach the same power levels originally offered by TWTAs. 

Spatial combining can create solid-state power amplifiers (SSPAs) in the following ranges of frequency 
and power – which all provide performance improvements when compared with TWTAs:

• 100 W to 1 kW, 1 GHz to 40 GHz covering up to a decade of bandwidth

• Reduced harmonic content in the output spectrum

• Less noise generated

• Increased linearity

How Spatial Combining Works 
New Levels of Power for TWTA 
Replacements
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Caution: Heat Dispersed For Best Operation 

Thermal management is critical to get the best performance out of solid-state devices. For ECMs, we often 
work with different thermal environments on different platforms. Some systems could use a cooling fluid or air 
cooling with a fan.

Spatial combining provides the most efficient means of combining GaN MMICs, lowering the amount of heat 
dispersed. When we measure thermal performance, the efficiency of the total amplifier is the most important factor.

The efficiency of GaN MMICs combined with the efficiency of spatial combining yields the most efficient solid-state 
amplifier available. The more efficient the solid-state device, the lower the amount of heat that must be dissipated.

Also, when solid-state components operate cooler, their reliability is better so we want them to operate as cool 
as possible. Using good thermal conductors, like copper, and maximizing the available cross section are key for 
improving the thermals. However, there are trade-offs between the types of metals used and the weight of the 
equipment – it can’t be too heavy for airborne platforms, for instance. So, there are other metals that can be used 
when making size, weight and power (SWaP) considerations.

How Is Spatium Being Used Today?

Qorvo’s method of spatial combining is called Spatium®. With coaxial construction, Spatium provides an efficient, 
broadband and compact way of combining multiple MMICs in a single step. In fact, Spatium can typically combine 
16 amplifiers in one step, with only 0.5 dB combining loss. In addition, Qorvo designed a thermal path on the back 
of the MMIC to the cooling plate, to help with thermal management. (See the figure below for a thermal simulation 
using Qorvo’s Spatium QPB1006.) 

Here’s how Spatium MMICs can be used in 
different applications:

• Electronic warfare: Spatium can be used in 
airborne, land, or naval ECM equipment, typically 
in the transmitters for the antennas.

• Satcom: Spatium is used in Ka-band satellite 
earth stations that operate at 100 W and 27-31 
GHz, covering both military and commercial 
bands. It is used in ground stations on the 
transmitter side at the antenna hub in block up-
converters (BUCs).

• Testing: Spatium can be used in high-power 
microwave signal generators or as a load pull 
on high-power devices, during input impedance 
to figure out how devices will respond. In these environments, a higher-power amplifier is needed to fully 
characterize these devices.

Three new Spatium products are intended for designing new EW equipment, operate within 2-18 GHz,  
and could replace legacy tubes. The products can also be used in test equipment where a high-power stimulus  
is needed. Less noise and more linearity than legacy TWTAs mean measurements taken with Spatium will  
have greater fidelity.

Spatial combining offers the ability to deliver hundreds of watts over broad bandwidths and can be specially 
designed, in many cases, for a new box or to fill an existing TWTA space.

This is the first time there’s been this type of power, bandwidth and efficiency available for solid-state devices.  
It offers a viable option for 20- to 30-year-old platforms (aircraft, ship, etc.) with non-fixable vacuum tubes;  
they can now be replaced with reliable, solid-state equipment.
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What Are Some Of The Latest Trends Related To Small Cells?

• LTE for usage in unlicensed bands: Also known as LTE-U and licensed assisted access (LAA), unlicensed 
spectrum is starting to be implemented in small cell base stations. This unlicensed band access overlays LTE 
over the Wi-Fi band and provides carriers with another pipeline where they can control and guarantee quality 
of service (QoS).

• Increased number of bands per system: A couple of years ago, a lot of small cell base stations were just for 
single band. Many are now dual band, and moving forward in the next year or two, customers are developing 
and implementing triple-band systems. This will increase the system-level requirements for small cell 
solutions, both in terms of the number of components required and the complexity of the overall system design.

• Customers designing with more efficient systems: Systems targeted for shipment later this year are 
implementing linearization, which requires power amplifiers that are much more efficient than they are today. 
Today, systems are designed where the power amplifiers typically operate in backed-off mode, which means 
that the system just works without worrying how the PA performs. Linearization uses feedback so that the 
signal gets “cleaned up” by the baseband chipset and allows PAs to operate with much higher efficiency, 
translating into lower power consumption for the system.

• Continued growth: The small cell market has been emerging for a while, but over the past two years we have 
seen significant growth, at 50% year over year. Multiple analysts such as IHS Technology and Mobile Experts 
expect that small cell deployments will total more than 1 million small cell base stations for 2017.

What Are Common Or New Challenges Customers 
Have When Designing For Small Cell Applications?

• Increasing number of bands per system: Customers historically are 
designing these small cell systems for MIMO applications (multiple input/
multiple output), which typically have 2 transmitters and 2 receivers per 
frequency band. As base stations incorporate multiple channels, it means 
more components – for instance, a three-band system would need six 
separate PAs (2 transmitters x 3 bands = 6 PAs) – which adds complexity, 
size and power consumption. Customers need the systems to be easy to 
design, easy to use (i.e., internally matched components), and efficient.

• Ensuring good isolation and band separation for the transmit/receive 
channels, specifically for Band 3 (1.8 GHz). The band separation is only  
20 MHz, which requires very high isolation out of the duplexer.

Top Trends and Overcoming Design 
Challenges in Small Cells 
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How Does Qorvo Help Our Customers Solve These Design Challenges?

Qorvo has significantly expanded our portfolio of small cell filters and PAs, targeting products for specific 
frequency bands. Our customers have seen some of the following key benefits:

• Filters for small cells: Qorvo’s BAW technology delivers high isolation and performance, particularly in our 
duplexers. Our small cell duplexers provide very good passive intermodulation (PIM) by reducing nonlinearities 
that may be introduced in the duplexer – which our customers have said is very important.

• Small cell power amplifiers: Qorvo PAs are internally matched and designed to provide temperature 
compensation inside the circuitry. This means our PAs are effectively plug and play and easy to use, which 
allows customers to easily design their system.

Qorvo has a complete small cell portfolio and is the only supplier to provide the entire RF front end, including 
LNAs, PAs, filters/duplexers and switches. All of our small cell products provide:

• High linearity

• High isolation

• Low power consumption

• Low link budget

Small Cells FDD Small Cells TDD
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QPF4001
Single-and-dual-channel GaN FEM
• Frequency: 28 GHz
• Package dimensions: 5x4 mm

At Qorvo, we are developing RF solutions today, 
for a better, more connected tomorrow. 
Visit www.qorvo.com/5G for our latest products.

Qorvo 5G Product Highlights

QPF4006
GaN FEM
• Frequency range: 37-40.5 GHz
• Package dimensions: 4.5x4x1.8 mm

QPF4002
Single-and-dual-channel GaN FEM
• Frequency: 28 GHz
• Package dimensions: 5x8 mm

QPF4005
GaN FEM
• Frequency range: 37-40.5 GHz 
• Package dimensions: 4.5x6 mm

QPA9908
High-efficiency PA
• High input power:  5V 4W pk
• Package dimensions: 5x5 mm

QPA9903
High-efficiency PA
• High input power:  5V 4W pk
• Package dimensions: 5x5 mm

QPA9940
High-efficiency PA
• High input power:  5V 4W pk
• Package dimensions: 5x5 mm

QPA9942
High-efficiency PA
• High input power:  5V 4W pk
• Package dimensions: 5x5 mm

QPA9120
2-stage wideband gain block
• Frequency range:  1.8-5 GHz
• Package dimensions: 3x3 mm

QPQ6108
SAW duplexer
• High input power: 29 dBm on DL
• Package dimensions: 2.5x2 mm

QPA4501
GaN PA module
• Frequency range:  4.4-5 GHz
• Package dimensions: 6x10 mm

QPA4501
GaN PA module
• Frequency range:  4.4-5 GHz
• Package dimensions: 6x10 mm

QPD0030
DC-4 GHz GaN power transistor
• High input power:  45W 48V
• Package dimensions: 4x3 mm

QPD0030
DC-4 GHz GaN power transistor
• High input power:  45W 48V
• Package dimensions: 4x3 mm

QPD0050
DC-3.6 GHz GaN transistor
• High input power:  75W 48V
• Package dimensions: 7.2x6.6 mm

QPD0050
DC-3.6 GHz GaN transistor
• High input power:  75W 48V
• Package dimensions: 7.2x6.6 mm

QPL9503
LNA
• Frequency range:  1-6 GHz
• Package dimensions: 2x2 mm

QPL9503
LNA
• Frequency range:  1-6 GHz
• Package dimensions: 2x2 mm

QPA3503
3.4-3.6 GHz GaN PA module
• High input power:  3W 28V
• Package dimensions: 6x10 mm

QPA3503
3.4-3.6 GHz GaN PA module
• High input power:  3W 28V
• Package dimensions: 6x10 mm

QPB9329
Dual-channel switch LNA module
• Frequency range:  4.4-5 GHz
• Package dimensions: 6x6 mm

QPB9329
Dual-channel switch LNA module
• Frequency range:  4.4-5 GHz
• Package dimensions: 6x6 mm

QPA3506
3.4-3.6 GHz GaN PA module
• High input power:  5W 28V
• Package dimensions: 6x10 mm

QPD0020
DC-4 GHz GaN power transistor
• High input power:  25W 48V
• Package dimensions: 4x3 mm
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