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BREAKTHROUGH 

PHASED ARRAY 

TECHNOLOGY SIMPLIFIES 

SYSTEM DESIGN.

ADI’s new integrated Phased 
Array technology enables you 

to create smaller, lighter radar 
and communication systems. 

From CMOS to GaN, from stand-
alone functions to integrated 

solutions, our industry-leading 
portfolio of RF and microwave 
components provides system 

design fl exibility and gets your 
innovations to market more 

quickly than ever before.

GET THERE FASTER WITH ANALOG DEVICES

analog.com/PHASEDARRAY#ADIahead

SMALLER. 
LIGHTER. FASTER. 

THE WAY OF THE 
NEW PHASED ARRAY.

Visit us at the IMS Show Booth #1725

http://analog.com/Phasedarray
http://www.youtube.com/user/AnalogDevicesInc
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West Coast Operation:

4921 Robert J. Mathews Pkwy, Suite 1

El Dorado Hills, CA 95762 USA

Tel: 916-542-1401, Fax: 916-265-2597

East Coast Operation:

7311-F Grove Road

Frederick, MD 21704 USA

Tel: 301-662-5019, Fax: 301-662-1731

sales@pmi-rf.com • www.pmi-rf.com
ISO9001 REGISTERED

Amplifers – Solid State

Attenuators – Variable/ 
Programmable

Couplers (Quadrature,  
180° & Directional)

Detectors – RF/Microwave

DLVAs, ERDLVAs  
& SDLVAs

DTOs, VCOs, PLO, DROs,  
& Frequency Synthesizers

Filters & Switched  
Filter Banks

Form, Fit, Functional 
Products & Services

Frequency Discriminators  
& IFMs

Integrated MIC/MMIC 
Assemblies (IMAs)

IQ Vector Modulators

Limiters – RF/Microwave

Log Amplifers

Millimeter Wave  
Components  
(Up to 50 GHz)

Miscellaneous Products

Monopulse Comparators

Multifunction Integrated 
Assemblies (MIAs)

Phase Shifters & Bi-Phase 
Modulators

Power Dividers/Combiners 
(Passive & Active)

Pulse Modulators (SPST)

Rack & Chassis Mount 
Products

Receiver Front Ends  
& Transceivers

SDLVAs, ERDLVAs  
& DLVAs

Single Side Band  
Modulators

SMT & QFN Products

Switch Matrices 

Switched Filter Banks

Switches – Solid State

Systems - Radar Sense & 
Avoid

Systems – Fly Eye Radars

Threshold Detectors

USB Products

Planar Monolithics Industries, Inc.
Industry Leader in Theshold Detectors

for Radar & Surveillance Sensors
PMI ofers a full line of RF and Microwave Threshold Detectors that range from 2 MHz 

to 40 GHz. Threshold levels of detection can be fxed or adjustable based on the radar 

and surveillance sensor application needs.  PMI’s Threshold Detectors ofer Ultra-High 

Speed along with High Dynamic Range and Broad Operating Frequency. More  

available at:  http://www.pmi-rf.com/Products/detectors/threshold_detectors.htm

THRESHOLD DETECTORS - ADJUSTABLE

PMI Model No.

FREQ 

Range 

(GHz)

Input 

Power 

Range 

(dBm)

Detected 

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

0.2 - 18 -20 to +10 TTL 15 ns SMA 2.2 x 1.5 x 0.4

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-218-FC-HS

TD-16G40G-20-292F

GMTA-1002 GMTA-1005 TD-30T-SHS-218-12G18G-PECL

THRESHOLD DETECTORS - FIXED

PMI Model No.

FREQ 

Range 

(GHz)

Fixed 

Threshold 

Level 

(dBm)

Detected 

Output 

Type

Response 

Time

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
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sales@skyworksinc.com   |   USA: 781-376-3000   |   Asia: 886-2-2735 0399   |   Europe: 33 (0)1 43548540   |   NASDAQ: SWKS    |   

Broad Portfolio of Connectivity Solutions
Visit Us at IMS2018 • Booth 509 • Philadelphia, PA • June 10—15

For more information about all of our solutions, please visit us at www.skyworksinc.com.

For high-reliability, space, instrumentation, avionics, land mobile radio and overall 

military communication applications. 

Part Number Description Freq. Range (GHz)

APD1520-240 Silicon PIN Diode, Packaged and Bondable Chip 0.100 to 30.000

CLA460x Series Limiter Diodes for LNA and Receiver Protection Up to 30.000

ISO13316 Hermetic, GaAs SPST Non-Refl ective Switch DC to 6.000

SKY67159-396LF Broadband Low-Noise Amplifi er 0.200 to 3.800

SKY16602-632LF Low-Threshold PIN Diode Limiter 0.200 to 4.000

| Aerospace and Defense

For applications including CBRS, FDD and TDD 2G/3G/4G LTE systems, small cell, micro 

and macro base stations, active antenna arrays and massive MIMO.

Part Number Description Freq. Range (GHz)

SKY6629x Series High Ef  ciency Power Amplifi ers 0.700 to 6.000

SKYFR-xxx Circulators and Isolators —

| Small Cell Infrastructure

For applications spanning fi tness/smart watches, trackers, wireless headphones, in-

home appliances, smart thermostats, alarms, lighting, sensors, access points, routers, 

automotive infotainment, telematics, and more.

Part Number Description Freq. Range (GHz)

SKYA21003 SPDT Switch (AEC-Q100 Level 2 Qualifi ed) 0.100 to 6.000

SKYA21041 802.11ac Switch/Low Noise Amplifi er Front-end 
Module (AEC-Q100 Qualifi ed) 

4.900 to 5.900

SKY66111-11 Front-end Module with Low Power, Bluetooth® 
Low Energy Range Extension

2.400 to 2.485

SKY66114-11 Front-end Module with Bluetooth® Low Energy / 
802.15.4 / ZigBee® Support

2.400 to 2.483

SKY68001-31 LTE Universal Multiband Front-end Module for IoT 0.699 to 0.915
1.710 to 1.910

SKY85310-21 256 QAM WLAN/Bluetooth® Front-end Module 2.400

SKY85712-21 WLAN Front-end Module 5.000

| Internet of Things (IoT)

http://www.skyworksinc.com
mailto:sales@skyworksinc.com
http://www.linkedin.com/company/skyworks-solutions-inc
http://www.facebook.com/pages/Skyworks-Solutions-Inc/119703933782
https://twitter.com/skyworksinc
https://www.youtube.com/channel/UCVT7P0K4jQyDE15ANfd_-RA
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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 ofset 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

SfnthesizersfDesignedfSpefiffffffff
forfYourfNextf5GfAppfifftion

ForfmorefinformftionffontfftfMifrofLfmbdffWirefess.

Micro Lambda is a ISO 9001:2015 Registered Company

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

SfnthesizersfDesignedfSpefiffffffff
forfYourfNextf5GfAppfifftion

Visit us at the IMS Show Booth #1503

http://www.microlambdawireless.com
mailto:sales@microlambdawireless.com
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27 Philadelphia Opens Its Doors to 2018 IMS 

As the applications extrapolate for wireless and interest grows in 

millimeter-wave frequencies, the industry gathers together with great 

optimism for the future. 

53 Managing Limited Spectrum for Unlimited Applications 

The wireless frequency spectrum extends to 300 GHz and beyond, but with  

the ever-growing number of wireless applications, that spectrum must be 

managed for its most effcient use. 

58 Millimeter-Wave Automotive Radar Testing Must be Flexible 

What are the keys to effective mmWave automotive radar? This article looks  

at the simulation, development, and manufacturing required in system design  

and test. 

64 Wireless Bandpass Filters Build on Metamaterials 

Second- and third-order bandpass flters leverage metamerial resonators for  

low passband insertion loss and high out-of-band rejection for 2.4-GHz 

wireless apps. 

72 Noise Can Tell Much About Material 
When used as a test signal, noise and the feld it produces can be quite  

handy in characterizing the quality and moisture content of different 

material solids.  

80 Overcome Message Collisions in Satellite Automatic 
ID Systems 

A technique based on blind source separation can help maritime vessels gain  

meaningful guidance from satellite-based signals—even when they overlap. 

88 WhatÕs the Difference Between OCXOs and TCXOs? 

Oven-controlled and temperature-compensated crystal oscillators seem to

be similar heat-related devices, but they have distinct characteristics and 

applications.

112 Transparentize Connections for 5G and WiGig Testing 

As applications reach higher frequencies, the right tools are needed 

to develop effective connector interfaces.  

Starts on page 91
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more > smithsinterconnect.com

Visit us at IMS 2018, Philadelphia, Booth #1625.

Explore our broad portfolio of innovative technologies from standard 

off-the-shelf, custom design Millimeter Wave and RF components & 

subsystems up to 325 GHz to advanced connector & cable solutions. 

Our extensive heritage in a wide range of commercial and major defense 

applications makes Smiths Interconnect the supplier of choice for the most 

sophisticated radar and communication systems for over three decades.

Together we can build the future of Microwave & RF technology

COMMERCIAL AEROSPACE  SPACE DEFENSE

http://smithsinterconnect.com


RF Matters Here
MACOM has RF Engineering Expertise, 
Surety of Supply and Manufacturing Scale 

Visit MACOM’s IMS Booth #1125 to See 
Our Latest RF Solutions 
> Industry leading porfolio of 5G products & technology

> GaN-on-Silicon technology for basestation & RF energy applications

> The world’s frst GaN-on-Silicon based RF energy toolkit

> MACOM’s RF Cross Reference Showcase



Join the Next Generation

MACOM’s 65-year legacy of innovation is driving 

the industry’s broadest portfolio of MMICs,  

diodes and transistors for the entire RF signal 

chain. These trusted high-performance RF devices 

enable your most critical applications including 

SATCOM, T&M, ISM and current 4G LTE to next-gen 

5G connectivity.

With our state-of-the-art technology and  

high-performance products, we’re helping 

customers achieve leading bandwidth, power, 

packaging and reliability.

Visit MACOM’s IMS Booth #1125 
Learn more at www.macom.com

Visit IMS Booth 1125

http://www.macom.com
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Millimeter Waves: 
Time for a Checkup?
Microwave cable assemblies are of en taken for granted. But 

as millimeter-wave frequencies become more prevalent, 

it’s essential that the smaller cables used at these higher 

frequencies be properly handled due to their fragility.

http://www.mwrf.com/components/millimeter-wave-cables-
time-checkup

How Port Tuning Makes Filter 
Design More Effi cient
With the help of the latest sof ware tools, port tuning can 

accelerate the design of planar f lters. T is article demonstrates 

that with the design of a miniature hairpin resonator f lter.

http://www.mwrf.com/sof ware/how-port-tuning-makes-f lter-
design-more-ef  cient

Modeling Mutual Coupling in 
Large Antenna Arrays 
In his latest “Algorithms to Antenna” blog post, MathWorks’ 

Rick Gentile takes a close look at the ef ectiveness of two 

dif erent techniques that can be applied to model the ef ects 

of mutual coupling.

http://www.mwrf.com/components/algorithms-antenna-
modeling-mutual-coupling-large-antenna-arrays

Mysterious Wireless Band 
Fits IoT Apps
Some useful frequencies are elusive or simply unknown to 

many engineers, so it wouldn’t hurt to take some time and 

dig through the FCC “bible” of federal regulations. Especially 

when it comes to the burgeoning Internet of T ings.

http://www.mwrf.com/systems/mysterious-wireless-band-f ts-
iot-apps

10
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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
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Visit us at the IMS Show Booth #1725
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Our new EP-series ultra-wideband MMIC splitter/combiners are perfect for wide-
band systems like defense, instrumentation, and all cellular bands through LTE and 
WiFi. These models deliver consistent performance across the whole range, so you can 
reduce component counts on your bill of materials by using one part instead of 
many!  They utilize GaAs IPD technology to achieve industry-leading performance, 
high power handling capability and efficient heat dissipation in a tiny device size, 
giving you a new level of capability and the flexibility to use them almost 
anywhere on your PCB!  They’re available off the shelf, so place your order on 
minicircuits.com today, and have them in hand as soon as tomorrow!

Mini-Circuits
¨

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

MMIC SPLITTER/COMBINERS
Ultra-Ultra -Wideband

 EP2C+
1.8 to 12.5 GHz

 EP2W1+
0.5 to 9.5 GHz

EP2K1+
2 to 26.5 GHz

THE WIDEST BANDWIDTH IN THE INDUSTRY IN A SINGLE MODEL!

$$555656
Models from ea. (qty.1000)2 to 26.5 GHzSingle Unit Coverage as Wide as  

•  Series coverage from 0.5 to 26.5 GHz

•   Power handling up to 2.5W

•  Insertion loss, 1.1 dB typ.

•  Isolation, 20 dB typ.

•  Low phase and amplitude unbalance

•  DC passing up to 1.2A

EP2K-Series, 4x4x1mm

        EP2W-Series, 5x5x1mm

Visit us at the IMS Show Booth #203

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


Editorial
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JACK BROWNE | Technical Contributor

jack.browne@informa.com

.  Very Broad Band High Output Frequency 

   Spectrum (from   - ਉਇ GHz), single unit

.  No Bias Required 

.  Input Matched to ਇਂ Ohms

.  Very Low Phase Noise

.  Custom Input Freq. available from 

    - ਂ GHz 

.  Ideal Frequency Multiplication Base 

   Element for Millimeterwave Frequency 

   Generation

.  Hermetically sealed package

.  Removable Connector Drop in module

     

* Output frequency starts from  nd 

harmonic of the input frequency and up. 

* Input Connector:  SMA F; Output 

Connector  .ʴʱmm F. 

.50 x .66”

     ULTRA BROADBAND 
          HIGH FREQUENCY 
         COMB (HARMONIC)  
              GENERATORS
                 1 - 75  GHz

                           

Custom Designs:  Please call 

for Detailed Brochures 

Other Herotek Products:  

Detectors,  Amplifiers,  Switches,  

Limiters, Impulse Generators, 

Multipliers, Integrated 

Subassemblies. 

155 Baytech Drive, San Jose, CA  95134  
. Tel:  (408) 941-8399 
.  Fax: (408) 941-8388
.  Email:  Info@herotek.com  
.  Website:  www.herotek.com  
.  Visa/MasterCard Accepted

Made in U.S.A.

ISO     --  -

   Registered

    Company

Typical Performance @ Pin   + + dBm

        @ +  ʱ Deg. C (Preliminary)

More than 
Anything,
IMS is About 
People

I
t’s the single most anticipated technical event in the RF/microwave industry. The 

location changes from year to year, and may not always be convenient enough 

for many visitors. But the organizers of the 2018 IEEE MTT-S International 

Microwave Symposium (IMS) chose wisely in planning the event for Philadephia, Pa., 

and the Pennsylvania Convention Center in “The City of Brotherly Love.”

The technical conference runs from June 10 through 15, while the exhibition floor 

is open from June 12 through 14. Both areas are expected to be packed for most of the 

week as this industry prepares for dramatic changes in how high-frequency devices 

and circuits are used around the world, including the billions of Internet of Things 

(IoT) devices (see p. 118) and potentially as many 5G smartphones and the infra-

structures to support them. 

Those two technologies—5G and IoT—are expected to transform many RF/

microwave technologies into commodity items, simply because of the high-volume 

nature of each market. Many exhibitors at IMS will be ready with their explanations 

on how they plan to handle the expected growth from those two markets, including 

the increased use of millimeter-wave frequencies for increased bandwidth in 5G 

systems as well as the use of millimeter-wave circuits and devices in “self-driving” 

autonomous vehicles of the future. 

A general feeling of excitement can be felt throughout the industry for these large-

scale opportunities in high-frequency technology. It’s also a different way of thinking 

for many designers. Many IoT products, for example, use wireless links at Wi-Fi or 

Bluetooth frequencies to make their connections to the internet. At one time, the 

hardware for those links sold as a device that was added to a computer to gain access 

to a wireless network. Now, with an IoT product, the wireless capability, including 

the antenna, is almost a “throw-away” part of the product, such as an IoT-controlled 

home thermostat. 

RF/microwave designers are being asked to develop wireless/microwave antennas 

for IoT that add little to the product’s total cost. Such cost controls involve efficient 

use of circuit materials as well as economic use of test equipment for design and, 

eventually, production testing. All this from an industry that once specialized in 

designing components that might have been required for only 10 radar or EW sys-

tems—and were priced more like custom designs than commodities. 

The RF/microwave industry is perhaps witnessing more changes during this 2018 

IMS than during any IMS of the past 30 years. It can be evidenced on the exhibition 

floor, where some of the top minds of the industry are ready to offer advice and 

guidance. For visitors to the 2018 IMS, this is a once-in-a-lifetime chance to meet 

designers and innovators and to perhaps start a relationship that will last a lifetime. 

Seeing new test equipment, software, and components is fun, but the real knowledge 

comes from the people at each booth and on the show floor, and the chances to see 

old friends and make some new ones. Have a safe show, everyone! 

Visit us at the IMS Show Booth #812

mailto:jack.browne@informa.com
mailto:Info@herotek.com
http://www.herotek.com
http://mwrf.com
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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)

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!

Visit us at the IMS Show Booth #203

http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain  MIN Noise Figure         Power -out @ P1-d      3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    d m     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 d m     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 d m     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 d m     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 d m     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 d m     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 d m  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 d m  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 d m  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 d m  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 d m  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 d m  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 d m  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 d m  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 d m  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 d m  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 d m 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 d m 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 d m 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 d m 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 d m 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 d m 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 d m 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 d m 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 d m 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain  MIN Noise Figure        Power -out @ P1-d  3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 d m 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 d m 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 d m 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 d m 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 d m 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 d m 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 d m 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 d m 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 d m 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 d m 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 d m  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 d m 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat VSWR
CLA24-4001 2.0 - 4.0 +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain  MIN  Noise Figure     Power -out @ P1-d  Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain  MIN Power -out @ P1-d  3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering.
Visit us at the IMS Show Booth #902

http://www.ciaowireless.com
mailto:sales@ciaowireless.com
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ATM SYSTEMS AID Polish Air Stations

PARK AIR SYSTEMS an air-traffic-manage-

ment (ATM) subsidiary of Northrop Grum-

man Corp., recently delivered its Sapphire 

ATM communications system equipment to 

four remote air stations in Poland, all serving 

the Warsaw Airport. The stations are locat-

ed in Brzesk, Gabin, Radom, and Sieradz. 

The systems were delivered to the Polish 

Air Navigation Services Agency (PANSA) in 

December and were installed in first quarter 

2018.

“PANSA was looking for an outstand-

ing air-ground communications capability 

that is safe, reliable and easy to maintain,” 

said Roman Drozdz, service director for 

Mawilux, Northrop Grumman’s project 

integrator in Poland. “They found it in the 

market leading T6 radio, the smallest, light-

est, and most environmentally friendly radio 

available.”

The ATM systems rely on Northrop 

Grumman’s Sapphire equipment, including 

its T6 tactical radios which use wideband 

AM waveforms at a standard VHF range of 

118 to 137 MHz and a UHF range of 225 

to 400 MHz. Installation of the equipment 

within these remote air stations will improve 

the coverage available to PANSA air traffic 

controllers based in Warsaw for communi-

cating with military and civil aircraft. 

“The feedback we rece ived f rom 

PANSA following the training was very 

positive,” said Danny Milligan, manag-

ing director, Park Air Systems, Northrop 

Grumman.  “The ded icated t ra in ing 

academy we have here at our UK facil-

ity and the tailored courses we can pro-

vide allowed us to exceed our customer’s 

expectations.”

The Sapphire radios are supplied with 

analog and IP interfaces for audio and data 

connections. These capabilities allow the 

radio systems to operate on the legacy 

networks, while also enabling transitions 

to the IP technology for future use. In its 

50-year history, Northrop Grumman Park 

Air Systems has installed 60,000 radios in 

180 countries around the world. n

Wireless Amplifer Startup        
Raises $3.8 Million in Funding  

G
uerrilla RF, a startup that sup-

plies low-noise amplifiers for 

cellular base stations and small cells, said 

on Wednesday that it had raised $3.8 

million in financing. The financial refuel 

comes with more than 50 products based 

its massive microwave integrated cir-

cuits shipping in production volumes.

“This year is off to a very fast start 

for us,” said Ryan Pratt, co-founder and 

chief executive of Guerrilla RF, in a state-

ment. “With multiple customer produc-

tion ramps underway, it was clear we 

needed additional working capital.” He 

added: “Based on the revenue growth we 

see, we believe we’re in striking distance 

of profitability for the first time.”

The Greensboro, N.C.-based com-

pany, which was founded after Pratt 

stepped down as an engineering director 

for Skyworks Solutions, has raised $11.6 

million over the last five years. The com-

pany’s investors include Bill Pratt, one of 

the founders of RF Micro Devices, which 

merged with Triquint Semiconductor to 

form Qorvo. n

(Image courtesy of Fraunhofer Institute for Integrated Circuits)
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SUPERCONDUCTORS TEAM with Room-Temperature Circuits

IN PARTNERSHIP WITH the University of 

Massachusetts Amherst, superconductor 

specialist HYPRES Inc. (www.hypres.com) 

fabricated an energy-efficient digital data 

link between superconducting integrated 

circuits (ICs) and room-temperature elec-

tronic circuits. The team project was part 

of a Small Business Technology Transfer 

(STTR) project sponsored by the U.S. Office 

of Naval Research (ONR). 

The project made it possible to achieve 

extremely high data rates at low signal lev-

els by connecting low-power, cryogenically 

cooled superconducting ICs with room-

temperature circuits and devices. The 

technique provides a way to reach signal 

sensitivity well beyond the range of room-

temperature electronic circuits and devices. 

The HYPRES superconducting ICs are 

based on single-flux-quantum (SFQ) logic 

and operate at a cryogenic temperature of 

4K and at signal levels that would otherwise 

be buried by noise in room-temperature 

circuits and devices. (Note that absolute 

zero or zero degrees Kelvin, 0K, is equal 

to −273ºC.) The technology is attractive 

for electronic applications that can tolerate 

cryogenic operation or that require energy-

efficient, high-speed data operation.

 The research team developed a hybrid-

temperature, heterogeneous-technology 

(HTHT) data link that distributes signal 

amplification among electronic stages at 

different operating temperatures, so that 

the overall data link can be optimized in 

terms of size, weight, and power (SWaP) 

consumption. 

“Our approach was to start with the fast-

est superconductor output driver and con-

nect it to a chain of cryogenic supercon-

ductor amplifiers at different temperatures 

between 4K and 300K,” said Dr. Deepnara-

yan Gupta, president of HYPRES’ Digital-RF 

Circuits and Systems business division and 

the principal investigator of the project. “We 

have already reached 20 Gb/s data rates 

per link using this approach, which is better 

than 14 Gb/s data links achieved without 

any cryogenic semiconductor amplification. 

“We are now working towards enhancing 

the data link rate, as well as expanding the 

number of simultaneous channels with both 

electrical and optical approaches,” Gupta 

added. “Better data links are vitally impor-

tant to the next generation of our Advanced 

Digital-RF Receiver (ADR) product line (see 

figure) as well as for future applications, 

such as for streaming high-speed data pro-

cessing, for which superconductor elec-

tronics offer compelling solutions.”   

Professor Joseph Bardin’s group at 

the UMass Amherst deserves credit for 

the development of the key technology 

in the HTHT data link. “We pursued two 

alternative designs, both using silicon-ger-

manium (SiGe) bipolar transistors,” Bar-

din explained. “At cryogenic temperatures, 

these transistors produce higher gain and 

higher speeds. Through a careful design 

process, we have optimized the tradeoff 

between speed and power consumption 

for our cryogenic integrated circuits. Both 

designs have met our target performance 

metrics and now offer different alternatives 

to HYPRES’ system engineers.”

This combination of higher data com-

munications speeds at lower power lev-

els was well recognized by ONR program 

officer Dr. Deborah Van Vechten: “ONR 

encourages partnerships between univer-

sity research groups and small businesses 

to harness innovative ideas into practical 

products. This team has moved through 

the different phases successfully and has 

attracted external funding to augment the 

STTR investment. The HTHT data link is 

now ready for transition.” n

The HYPRES ADR product line will benefit from technology developed to enhance high-speed data links for the U.S. Navy. (Graphic courtesy 

of HYPRES Corp.)

http://www.hypres.com
http://mwrf.com
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This is the type of BuiltSAFE ROCK-2 series 

of rugged computer systems that will benefit 

from the advances in graphics capabilities 

made possible for multiple-core-processor 

systems by Mercury Systems and Green 

Hills Software. (Courtesy of Mercury Systems)

Visit us at the IMS Show Booth #1825

News

MERCURY TEAMS WITH GREEN HILLS for Army Aviation Mission 
Displays

AT THE RECENT Army Aviation Mission Solutions Summit 

in Nashville, Mercury Systems and Green Hills Software 

announced a joint collaboration leading to advances in 

next-generation flight display systems using multicore 

processor architectures. The graphics solution teams 

Mercury’s BuiltSAFE hardware and software with a real-

time operating system (RTOS) from Green 

Hills Software to achieve efficiencies in 

size, weight, and power (SWaP). There’s 

a particular focus on avionics computers 

and display systems using enhanced vision 

systems (EVSs) and synthetic vision sys-

tems (SVSs) for degraded vision environ-

ments (DVEs).

Mercury’s BuiltSAFE ROCK-2 subsys-

tem features its OpenGL graphics suite. 

The subsystem is operated with Green Hills 

Software’s INTEGRITY-178 time-variant 

unified multiprocessing RTOS with the Fli-

teScene Digital Moving Map Software from 

Harris Corp. The INTEGRITY-178 schedul-

ing mechanism results in a unified RTOS 

that provides time-variant scheduling of 

both asymmetric multiprocessing (AMP) 

and symmetric multiprocessing (SMP) 

applications simultaneously. 

It also enables the creation of core affin-

ity groups that define how processor cores 

will be used by graphics and other appli-

cations within the system. The combina-

tion of hardware and software conforms 

to the Future Airborne Capability Environ-

ment (FACE) V2.1 Technical Standard and 

enables multiple independent safety and/

or security-critical applications to run within 

the ROCK-2’s multicore operating environ-

ment in a predictable manner.

“The combination of Green Hills’ oper-

ating system innovation with Mercury’s 

hardware innovation delivers affordable and 

unparalleled technology leadership to the 

Army aviation community,” said Ike Song, 

VP and general manager of Mercury Mission 

Systems. “Out-of-the-box support for Harris’ 

FACE V2.1-conformant FliteScene software 

on the ROCK-2 delivers on the interoper-

ability and portability objectives of the FACE 

technical standard, while eliminating the cost 

and design risk associated with deploying 

advanced digital map capabilities.” n

ni-microwavecomponents.com/quicksyn

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

Design smaller and more efficiently 

with National Instruments QuickSyn 

synthesizers. The revolutionary phase-

refining technology used in QuickSyn 

synthesizers enables blazing fast 

switching speeds, very low spurious 

and phase noise performance, wide 

frequency range, and small footprint.

FASTER, QUIETER, SMALLER

QuickSyn Lite Synthesizer

© 2016 National Instruments. All rights reserved.

http://ni-microwavecomponents.com/quicksyn
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MMIC Amplifers

FREE Modelithics Simulation Models

MMIC Mixers

MMIC Multipliers

MMIC Splitter/Combiners

MMIC Transformers

MMIC Couplers

MMIC Filters

Make the Smart Choice…

More than the Industry’s Widest Variety of MMIC Components

Make the smart choice.  Visit minicircuits.com today. 

MMIC Attenuators

Mini-Circuits

https://www.modelithics.com/MVP/MiniCircuits

“FREE High Accuracy RF Simulation Models!”

Visit us at the IMS Show Booth #203
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PIN Diode

Waveguide

USB Controlled

Electromechanical

Surface Mount

Broadest Selection of 
In-Stock RF Switches

• Coaxial, Waveguide and Surface Mount  
 options available

• SPST thru SP12T and Transfer  
 confgurations

• Frequencies from 10 MHz to 110 GHz

• All in-stock and ship same-day

   RF COMPONENTS ON DEMAND.

Visit us at the IMS Show Booth #2133

News

AIR FORCE, RAYTHEON Seek to Speed Software 
Development for GPS OCX

MILITARY DEVELOPMENT AND PROCURE-

MENT of software has been typically over 

budget and behind schedule, although the 

Pentagon and industry leaders such as 

Raytheon Co. hope to change these trends. 

One of the key development programs is 

the operational control system for the GPS, 

known as OCX. 

The OCX development program was ini-

tially managed by the U.S. Air Force, but 

transferred to the Department of Defense 

(DoD) because of the USAF’s slow pace. 

The next-generation OCX program is obvi-

ously critical to all allied defense forces. And 

as Ellen Lord, undersecretary of defense for 

acquisition and sustainment for the DoD 

notes, “It’s a program that I have spent quite 

a bit of time on.” In working closely with 

industry partner and OCX prime contractor 

Raytheon, Lord was recently part of an OCX 

program review that included USAF Assis-

tant Secretary for Acquisition Will Roper and 

Tom Kennedy, CEO of Raytheon. 

Military programs have had a long his-

tory of problems with timely software devel-

opment, with the OCX program one of the 

best-known programs suffering delays due 

to lack of software modernization and for 

using software development methods that 

were abandoned by the commercial indus-

try many years earlier. By using “agile devel-

opment” methods, the industry creates new 

versions of software quickly, even when 

understanding that additional versions will 

be needed based on user feedback con-

cerning required improvements. 

By not trying to get everything right the 

first time, this agile development approach 

helps speed software releases at a much 

faster pace than in military programs where 

the effort is made to get everything correct 

the first (and only) time. However, according 

to Lord, OCX software development was 

moving to an agile approach to speed the 

program: “I believe we are at an inflection 

point in terms of doing things differently. 

We are pivoting from the traditional waterfall 

software development methodology to agile 

development. So we are coding every day, 

testing every night.” 

The OCX program is designed to devel-

op a system that will command all newer 

and legacy GPS satellites, manage all civil-

ian and military GPS signals, and provide 

improved cyber security (see the concep-

tual image of the OCX system). The DoD 

has hired Jeff Boleng, former chief tech-

nology officer of Carnegie Mellon Univer-

sity Software Engineering Institute, to help 

repair the OCX and other military software 

problems, including software for the F-35 

Joint Strike Fighter (JSF). Boleng is joining 

Lord’s staff as special assistant for soft-

ware acquisition. n

This is an artist’s conception of how the OCX system will control legacy and newer GPS 

satellites for civilian and military applications. (Courtesy of the USAF)
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A
s applications for wireless signals continue to grow, 

signal propagation is taking place both indoors and 

outdoors, with indoor wireless systems having to op-

erate among numerous interfering objects, including human 

bodies. Indoor applications are seeing a steady stream of new 

devices, including safety sensors and other Internet of Tings 

(IoT) wireless monitors that can be tracked via wireless local 

area networks (WLANs). However, humans sometimes get in 

the way—literally. Human bodies can serve as interference for 

indoor wireless channels, resulting in absorption of limited 

signal power and changes in signal time and phase.  

Fortunately, researchers at the Norwegian University of 

Science and Technology, Trondheim, developed a dynamic 

channel model for indoor wireless communications systems. 

It’s based not on statistical evidence, but rather on measured 

results, showing the different conditions where someone pass-

ing through a line-of-sight (LOS) indoor wireless signal could 

cause significant signal fading. 

Drawing from previous studies on the behavior of con-

ducting cylinders at microwave frequencies, in particular a 

single-cylinder interference model of the human body, 

The researchers were able to approximate the effects of a 

human body on RF/microwave fading in an indoor environ-

ment. But the previous model, with only one cylinder, was 

considered an oversimplification of the signal absorption and 

reflection brought about by a human body with its many mov-

ing parts, and when a human body is moving through an in-

door electromagnetic (EM) operating environment. 

The research team assumed a human-body model with 12 

moving parts and represented it with 12 dielectric cylinders 

of different radii. The one body part considered an exception 

was the head, which was represented by a sphere. A human 

walking model was also developed to describe the movements 

of the different body parts and how those movements could 

affect the radio waves in that environment. 

Applying data from biomechanical and robotic studies on 

human movements as part of walking gaits, the researchers 

built a database of interacting moving body parts and their 

effects on time-varying wireless channels. Moving parts were 

synchronized starting with left-leg motion and using relative 

time to record the phase changes of the different body parts 

during one full cycle of body motion. 

The research team also considered the contributions of 

signal fading due to the absorption and reflection of signals 

by the indoor environment, with its walls, floor, and ceiling. 

They used measured relative permittivity values of different 

dielectric materials at a number of different frequencies (even 

through millimeter-wave frequencies) to gauge the impact of 

the human-body model on wireless channel characteristics in 

different types of indoor environments. 

The extensive measurements made by the team, particularly 

at 2.45 GHz, support the accuracy of their indoor human-body 

model. By using the received signal strength of an LOS signal 

as a reference, they compared their human body model to col-

lected data and a single-cylinder simulation, with their model 

showing close agreement with different references. Measure-

ments were taken at different heights within the indoor envi-

ronment to better understand the effects of both lower and up-

per human body parts on the wireless radio environment. 

See “A Dynamic Channel Model for Indoor Wireless Sig-

nals,” IEEE Antennas & Propagation Magazine, Vol. 60, No. 2, 

April 2018, p. 82. 

MODELING EFFECTS OF Human Bodies on Indoor Wireless Systems

BOOSTING THE BANDWIDTH of Triangular Microstrip Antennas

AS MORE DEVICES and services compete for wireless bandwidth 

in emerging applications such as Internet of Things (IoT) sen-

sors in factories, warehouses, even in “smart homes,” broadband 

antennas become a key high-frequency component of interest. 

Numerous antenna technologies are available, but microstrip an-

tennas (MSAs) provide miniature, low-profle solutions for many 

short-range communications links.

In exploring the different possibilities of MSAs, researchers 

from the Dwarkadas Jivanlal Sanghvi College of Engineering 

at the University of Mumbai, India, experimented with the con-

cept of increasing the isosceles angle in isosceles triangular 

microstrip antennas (ITMSAs) to increase antenna bandwidth. 

They discovered it is a viable and repeatable approach to boost 

triangular microstrip antenna bandwidth. 

The research team learned that increasing the isosceles 

angle in a triangular MSA tunes the spacing between the mi-

crostrip patch and its resonant modes as part of the path to 

achieving wider microstrip patch antenna responses. Using 

extensive computer simulations, inevitably backed by mea-

surements of actual microstrip antenna hardware, the team 

studied the magnetic- and electric-feld patterns of the different 

microstrip triangle and slot patterns to determine what deliv-

ered not only the widest bandwidths, but the most repeatable 

EM responses. 

By tuning the second-order transverse magnetic TM11 mode 

frequency and third-order TM20 model frequency with respect to 

the fundamental TM10 mode frequency, they were able to opti-

mize the bandwidth for a particular triangular microstrip antenna 

pattern. Using slots cut into the microstrip patterns to work with 

the three resonant modes, they achieved maximum bandwidths 

of more than 1 GHz (or a 65% bandwidth). Some of the slot-

cut patterns also provided broadside radiation patterns with as 

much as 8-dBi gain. 

See “Broadband Variations of Isosceles Triangular Microstrip 

Antennas,” IEEE Antennas & Propagation Magazine, Vol. 60, No. 

2, April 2018, p. 34.
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As the applications extrapolate for wireless devices and interest grows in millimeter-

wave frequencies, the RF/microwave industry gathers together with great optimism 

for the future. 

Philadelphia Opens Its Doors to 

2018 IMS

H
e i g ht e n i n g  i nt e re s t 

f or  h i g h - f re q u e n c y 

a p p l i c a t i o n s ,  e v e n 

through mil l imeter-

wave (mmWave) frequencies, has the 

RF/microwave industry buzzing more 

than ever. Now the time has arrived for 

all involved to gather and share their 

thoughts and goals at a most appropriate 

site: Philadelphia, the City of Brotherly 

Love. In a town best known for its com-

petitive spirit and “never-give-up” atti-

tude (Fig. 1), the RF/microwave industry 

will celebrate a world thirsting for high-

frequency electronics.

From RF through mmWave frequen-

cies and beyond, in everything from 

automotive radars and wireless Inter-

net of Things (IoT) devices in “smart 

homes” to military electronic-warfare 

(EW) systems and fifth-generation (5G) 

wireless communications networks—

all will be on display at the industry’s 

leading event: The IEEE International 

Microwave Symposium (IMS), running 

from June 10-15 at the Pennsylvania 

Convention Center. 

It’s an event that combines a high-

quality technical conference and a show 

floor with more than 500 exhibiting 

companies. For many, it’s once-a-year 

chance to catch up with friends and 

competitors and to learn something 

new from the workshops, conferences, 

and technical sessions. Long-running 

“events-within-the-event,” such as 

JACK BROWNE | Technical Contributor

Show Preview

1. The IEEE International Microwave Symposium comes to Philadelphia, the “City of Brotherly Love,” in 2018, in the Pennsylvania Convention 

Center. (Courtesy of Thinkstock)
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the Automatic RF Techniques Group 

(ARFTG, see p. 50) and the Radio Fre-

quency Integrated Circuit (RFIC) con-

ference (see p. 38), provide focused 

opportunities to learn about the latest 

developments in test and measurement 

as well as integrated circuits (ICs) and 

semiconductors, respectively. 

The technical conference begins on 

Sunday, June 10, with workshops and 

short courses, followed by a pair of ple-

nary talks and invited technical presen-

tations throughout the week. The exhi-

bition hall opens each morning at 9:30 

AM starting Tuesday, June 12, wrapping 

up at 5 PM on Tuesday and Wednes-

day and with a shorter day on Thursday, 

June 14 (closing at 3 PM). 

The exhibition hall is as much a social 

gathering as a business event, with a 

fairly large portion of visitors know-

ing some of the booth personnel before 

entering the exhibition hall. Each exhi-

bition booth is designed to show the 

strengths of each company, often with 

active displays of products that visitors 

can start and stop to learn more about 

each product in a short time. For sys-

tems-level specifiers, the annual IEEE 

IMS is the opportunity to fill a list of 

RF/microwave components for radar, 

EW, communications, or even automo-

tive safety systems, whether the require-

ments are for a commercial, industrial, 

or military design. 

For system-level specifiers in com-

mercial, industrial, and military mar-

kets, IMS is something like a “supermar-

ket,” with an opportunity to stroll from 

booth to booth to examine samples 

of each company’s products. In recent 

years, specifiers working in additional 

market areas, such as medical electron-

ics, have shown an interest in RF/micro-

wave components and have scheduled 

time at the annual show. 

Walking the IMS exhibition floor 

can easily take more than the scheduled 

three days, especially when the first stop 

is a test-and-measurement company 

with a variety of new “toys” on display. 

Experienced IMS visitors have learned 

to budget their time on the show floor, 

especially when one of their goals is to 

use the IMS exhibition to fill a need for 

a particular product. No matter the type 

of RF/microwave product, more than 

a few of each can be found on the 2018 

IMS exhibition floor, with personnel at 

each company’s exhibition booth more 

than willing to discuss a product’s design 

approach and optimum application. 

The annual IMS has traditionally 

been the best time and place to compare 

some of the top products for any type 

of component, software, or test equip-

ment. Just to see all of the amplifiers 

on display could take more than a full 

day on the exhibition floor before tak-

ing time to visit company booths with 

additional active components, passive 

components, materials, software, and 

test equipment on display. While this 

preview of the 2018 IEEE IMS Exhibi-

tion can barely hint at the number of 

high-quality items populating the show 

floor in Philadelphia, the hope is that 

readers planning to attend will at least 

find something of interest here and its 

accompanying booth for which to start 

each day. 

AMPLIFIERS ANYONE?

The 2018 IEEE IMS represents one of 

the largest collections of RF/microwave 

amplifiers under one roof, with ampli-

fiers on display for hundreds of different 

applications in every imaginable pack-

age style. In terms of bandwidth, the 

BZ-00105000-700521-325525 from B & 

Z Technologies (Booth 1202) may cover 

as much frequency range as any one unit 

(and with one of the largest model num-

bers to match), with at least 21 dB gain 

and more typically 25-dB gain from 100 

MHz to 50 GHz. It’s what is now known 

as a “standard” amplifier package, with 

2.4-mm female coaxial connectors, 

measuring 29.9 × 18.7 × 7.6 mm. The 

compact amplifier remains stable with 

temperatures from −55 to +85ºC, with 

noise figure of 7 dB or better and typi-

cally 5 dB. The 50-Ω amplifier draws 

195 mA from +12 to +15 V dc. 

Another company known for its 

broadband amplifiers, as well as for 

being formerly MITEQ and Narda (and 

both being high-frequency innovators 

based on Long Island, N.Y.), is L3 Nar-

da-MITEQ (Booth 535). Each origi-

nal firm has almost 50 years of service 

to the RF/microwave industry. Among 

the combined company’s many compo-

nents and subassemblies for commer-

cial and military customers, the model 

TTA1840-35-HG is an in-stock tabletop 

amplifier (with external power supply) 

with wide bandwidth of 18 to 40 GHz. 

It delivers at least 45-dB gain with no 

higher than 3.5-dB noise figure over that 

frequency range, making it a strong can-

didate for boosting testing signals well 

into the mmWave frequency range. 

Broadband RF/microwave amplifiers 

will also be on display at Ciao Wireless 

(Booth 902), with some models reach-

ing 40 GHz. A recently developed line of 

low-noise amplifiers (LNAs) in coaxial 

packages have integrated output power 

I
MS is an event that combines a high-quality technical conference and 

a show floor with more than 500 exhibiting companies. For many, it’s 

once-a-year chance to catch up with friends and competitors and to learn 

something new from the workshops, conferences, and technical sessions. 
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detectors with bandwidth as wide as 10 

MHz to 40 GHz, so that users can adjust 

the operating voltage as a function of 

output power. The amplifiers are avail-

able with choices of gain, such as 20, 

25, 30, and 35 dB, and provide enough 

bandwidth to cover multiple commu-

nications frequency bands with a single 

amplifier. Amplifier output power is 

typically +15 dBm with spurious levels 

of typically −60 dBc. 

Although not a company name that 

might immediately come to mind when 

thinking of RF/microwave amplifiers, 

Maury Microwave (Booth 1525) has 

developed its MPA Series of broadband 

amplifiers to work with test equipment, 

such as signal generators, which might 

need a boost in level to enable a mea-

surement. The MPA Series of instru-

mentation amplifiers covers frequency 

bands from 0.7 to 26.5 GHz with gen-

erous gain levels and as much as 50 W 

saturated output power. These GaN-

based amplifiers include models cov-

ering 0.7 to 6 GHz, 2 to 6 GHz, 2 to 18 

GHz, 6 to 18 GHz, 8 to 12 GHz, and 

18 to 26.5 GHz. (For more on the MPA 

Series amplifiers, see p. 124). 

Another firm that may not be on 

the top of the list for amplifier suppli-

ers, Marki Microwave (Booth 2031), 

is well known for the quality of its fre-

quency mixers and recently unveiled 

line of GaAs pHEMT MMIC amplifiers 

designed to complement those mix-

ers as local-oscillator (LO) drivers. The 

RoHS-compliant, broadband ampli-

fiers are available as bare die, in SMT 

housings (Fig. 2) such as 3- × 3-mm or 

2. These miniature amplifiers have been devel-

oped to drive LO signals used with microwave 

mixers. (Courtesy of Marki Microwave)

3. The surface-mount LO-driver amplifiers 

of Fig. 3 are also available in coaxial form. 

(Courtesy of Marki Microwave)
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4- × 4-mm QFN packages, and as pack-

aged amplifier modules with coaxial 

connectors (Fig. 3). The amplifiers are 

designed to work with a wide range of 

LO sources, and feature rise times in 

excess of 10 ps. 

As an example of the ADM line of 

broadband amplifiers, model ADM-

0026-5929SM is a GaAs pHEMT dis-

tributed amplifier with typical small-

signal gain of 13 dB from dc to 26.5 

GHz. It has a typical noise figure of 5.5 

dB across that wide frequency range 

with +15 dBm typical output power at 

1-dB compression. The 50-Ω ampli-

fier is unconditionally stable and typi-

cally draws about 165 mA from a +5-V 

dc supply. In addition to driving LO 

signals for mixers, it’s well-suited for 

use in test-and-measurement and EW 

applications. 

One of the more diversified collec-

tions of components for anyone stop-

ping at a 2018 IMS booth will be that of 

Mini-Circuits (Booth 203), with active 

and passive components for commer-

cial and military applications as well as 

a growing lineup of equipment for mak-

ing measurements on such component 

types. The company offers a tremendous 

assortment of products just in terms of 

RF/microwave amplifiers, including 

LNAs and power amplifiers. 

For example, model ZVA-213UWX+ 

(Fig. 4) is a coaxially packaged ampli-

fier that achieves low noise figure even 

across such a wide bandwidth of 0.1 to 

20.0 GHz. The noise figure is typically 

3.5 dB to 6 GHz, 2.5 dB from 6 to 12 

GHz, 2.7 dB from 12 to 18 GHz, and 

3.4 dB from 18 to 20 GHz. It provides 

at least 13-dB gain across the full fre-

quency range, with +13 dBm or higher 

output power from 0.1 to 20.0 GHz. The 

LNA measures 130 × 0.98 × 0.56 in. with 

2.92-mm coaxial connectors.

Mini-Circuits also provides much 

more output power (from a much larg-

er unit) when needed, with its model 

100W-63+ Class AB power amplifier 

(Fig. 5). This robust unit delivers 100 W 

saturated output power from 2.5 to 6.0 

GHz while drawing 8 A from a +30-V 

dc supply. Suitable for radar and com-

munications systems, it’s somewhat 

larger than the LNA, measuring 6.0 × 

9.1 × 1.2 in. with SMA connectors. It’s 

capable of 58-dB gain across the fre-

quency range while maintaining ±2-dB 

typical gain flatness. It can be supplied 

with an optional fan attachment to keep 

things cool. 

With a long history of unveiling new 

microwave amplifiers at the annual 

IEEE IMS exhibition, CTT (Booth 

1213) will keep its streak alive with two 

new GaN-based amplifiers in compact 

coaxial packages. Model AGN/145-5064 

(Fig. 6) only measures 3.76 × 4.55 × 0.77 

in., but delivers 100 W CW output pow-

er from 13.75 to 14.50 GHz. The robust 

little amplifier is a good fit for satellite-

communications (satcom) uplinks and 

data links. For more bandwidth but less 

power, model AGX/180-4656 (Fig. 7) 

covers 3.0 to 18.0 GHz with 40 W CW 

output power in a package size of 5.16 × 

4.90 × 0.28 in. With its wide bandwidth 

and power, it’s a match for multiband 

satcom systems as well as for military 

electronic-warfare (EW) jammers. 

Elite RF LLC (Booth 307) will also 

show its diversity of high-frequency 

amplifiers at the 2018 IMS, with com-

pact LNAs through 18 GHz and power 

amplifiers as well as multiple-function 

instrumentation amplifiers for test 

purposes. The amplifiers are based on 

optimized use of available high-fre-

quency semiconductor technologies, 

such as silicon LDMOS and GaN active 

devices. 

4. This broadband amplifier (model ZVA-

213UWX+) maintains low noise figure (3.4 dB 

or less) from 0.1 through 20.0 GHz. (Courtesy 

of Mini-Circuits)

5. This Class AB power amplifier delivers 

100 W saturated output power from 2.5 to 

6.0 GHz. (Courtesy of Mini-Circuits)

6. This miniature amplifier relies on GaN 

semiconductors to achieve 100 W CW out-

put power from 13.75 to 14.50 GHz.

7. The AGX/180-4656 broadband amplifier 

covers 3 to 18 GHz with 40 W CW output 

power. 
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A s  a n  L N A  e x a m p l e ,  m o d e l 

M.50008G2144VV is designed for 

pulsed, modulated, and CW signals 

from 0.5 to 8.0 GHz (Fig. 8). The Class 

A linear amplifier provides 38-dB gain 

with ±1-dB gain flatness and typical 

noise figure of 1.5 dB across the fre-

quency range. It also generates +21 dBm 

output power at 1-dB compression. It’s 

available for a number of different volt-

age supplies, with versions for +9 to +15 

V dc, +18 to +50 V dc, and +5 V dc. The 

amplifier measures 3.5 × 3.0 × 1.0 in. 

with SMA connectors.

For more power and less bandwidth, 

the firm also offers the M2.73.1G503948 

with 100 W of pulsed output power (at 

20% duty cycle) from 2.7 to 3.1 GHz 

(Fig. 9). The Class AB amplifier has 

39-dB gain and operates on a +48-V 

dc supply. It comes equipped with a 

number of protective circuits, includ-

ing protection from thermal overload, 

overvoltage, and overcurrent condi-

tions. The amplifier measures 9.0 × 4.0 

× 1.5 in. with SMA connectors. As with 

other Elite RF amplifiers, it has a five-

year warranty. 

Long-time RF/microwave supplier 

and regular IMS exhibitor, MACOM 

(Booth 1125), will show a sampling 

of its large variety of high-frequency 

components and subsystems for com-

mercial, industrial, and military appli-

cations, such as a new line of low-

phase-noise amplifiers. The product 

family includes the model MAAL-

011151-DIE distributed amplifier die 

with 17-dB linear gain from 2 to 18 

GHz. Perhaps most impressive across 

that wide frequency range is its phase 

noise of a mere −154 dBc/Hz offset 1 

kHz from the carrier. The amplifier 

chip also features a low 4-dB noise fig-

ure measured at 8 GHz and +16 dBm 

output power at 1-dB gain compres-

sion. The input and output ports are 

matched to 50 Ω and dc-blocked for 

ease of use, with typical return loss of 

better than 15 dB. 

MACOM will also exhibit its model 

MADT-011000 single-ended, internally 

matched power detector for use from 5 

to 44 GHz. Capable of detecting signal 

levels over a dynamic range of 30 dB, the 

detector is well-suited for applications 

in test equipment, radar, and microwave 

radios. It consumes only 70 μA current 

from a +4.5-V dc supply. It comes in a 

3- × 3-mm, 16-lead QFN package or in 

bare die format, with electrostatic-dis-

charge (ESD) protection. 

Another manufacturer of amplifiers, 

the Beverly Microwave Div. of Com-

munications & Power Industries (CPI) 

(Booth 1149), will display, among many 

others, newer pulsed power amplifi-

ers based on solid-state GaN transis-

tors. The GaN power amplifiers are 

available for applications at L-, S-, C-, 

and X-band frequencies and include 

built-in-test (BIT) and programmable 

control. Typical operating parameters 

at S-band frequencies, for example, 

include 1.3 kW peak power at 10% duty 

cycle from 2.7 to 2.9 GHz. For those 

preferring electron tubes, the firm still 

designs and builds power amplifiers on 

traveling-wave tubes (TWTs) and other 

vacuum devices. 

NuWaves Engineering (Booth 2541)

will feature its RF/microwave ampli-

fiers for military and aerospace appli-

cations at the show. As an example, 

the NuPower 11B02A (Fig. 10) deliv-

ers 10 W typical output power (7 W 

minimum) from 200 to 2600 MHz in a 

8. This LNA maintains a noise figure of 1.5 dB from 0.5 to 8.0 GHz. (Courtesy of Elite RF LLC)

9. Compact amplifiers such as this, with proper thermal design, can reach 100 W pulsed out-

put power from 2.7 to 3.1 GHz. (Courtesy of Elite RF LLC)

10. Efficient lightweight amplifiers like the 

NuPower 11B02A provide 10 W output 

power from 200 to 2600 MHz for UAV appli-

cations. (Courtesy of NuWaves Engineering)
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fat bandwidth and high impedance to 40 GHz

Visit us at the IMS Show Booth #1215

http://coilcraft.com/conicals
http://www.coilcraft.com
http://coilcraftdirect.com
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• > 5000 .s2p points/s

• To 118 dB and 0.005 dB RMS

•  8 / 12 term cal. incl. unknown thru

The PicoVNA 106 brings you 

full-function bidirectional 

vector network analysis at an 

unprecedented low price. Fast, 

professional-grade measurement 

and analysis that you can af ord.

Visit us at the IMS Show Booth #1715

REACHING FOR HIGHER MILLIMETER WAVES

THE 2018 IEEE Radio Frequency Integrat-

ed Circuit Symposium will be held at the 

Pennsylvania Convention Center in con-

junction with the 2018 IEEE IMS. It begins 

on Sunday, June 12, with opening plenary 

sessions, and continues through June 11 

and 12 with a variety of workshops and 

technical sessions. 

Technical activities on Monday, June 

11 include, for example, panel sessions 

on building blocks for 5G transceivers, 

advances in packaging and modeling, and 

techniques for synthesizing high-frequency 

signals. Presentations feature coverage of 

28-GHz phased-array technology, the use 

of high-speed analog-to-digital convert-

ers (ADCs) in mixed-signal system designs, 

mmWave CMOS ICs for phased-array sys-

tems, and low-power radios for security 

applications. 

The following day (June 12) provides 

coverage of mmWave power amplifiers, 

mmWave radar systems and beamform-

ing techniques for those systems, and 

mmWave low-noise amplifiers (LNAs) along 

with receiver front ends. The emphasis is 

clearly on higher-frequency signals and how 

to generate and process them, for use in 

such emerging applications as ADAS vehic-

ular electronics and 5G wireless networks. 

IMS Preview

small, lightweight package well-suited 

for use in unmanned aerial vehicles 

(UAVs) in defense systems. It can pro-

vide its rated output power with only 

+3 dBm output power due to 38.5-dB 

gain. It offers three different operating 

settings to conserve power as needed. 

The amplifier measures 2.34 × 1.96 × 

0.62 in. and weighs just 2 oz. In spite of 

the compact size, the amplifier can be 

equipped with an optional fan-cooled 

heat sink for enhanced reliability under 

harsh conditions. 

Qorvo (Booth 725) will be active 

with its many IC-based products for 

advanced driver-assistance systems 

(ADAS) and 5G applications. Its patent-

ed Spatium RF/microwave PAs employ 

GaN device technology with novel pow-

er-combining techniques to support a 

wide range of applications in EW, radar, 

and military and commercial commu-

nications systems. For example, the 

KA120W-2731 delivers 100-W saturat-

ed output power from 27.5 to 31.5 GHz 

with 21-dB small-signal gain and 19% 

power-added efficiency. It’s designed as 

a superior SWaP alternative to travel-

ing-wave-tube amplifiers (TWTAs) for 

many of these applications. 

http://www.picotech.com/A80
mailto:sales@picotech.com
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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
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Of course, this is just a small sampling 

of one product area, and of the many 

different amplifiers that may be found 

on the 2018 IEEE IMS show floor, let 

alone in the industry at large. But the 

immense number of RF/microwave 

and soon mmWave amplifiers available 

in the industry is an indication of the 

ever-growing need for boosting high-

frequency signals in many different 

types of systems. It also highlights how 

new amplifiers with high performance, 

wide bandwidth, and high efficiency, 

such as the latest distributed amplifiers 

from Custom MMIC (Booth 851), can 

grab the attention of circuit and system 

designers for a number of different proj-

ects (see p. 122). 

Some may prefer to design their own 

amplifiers and start with the transistors 

or ICs that can help them reach their set 

of design goals. The 2018 IEEE IMS also 

features some of the industry’s leading 

device suppliers, with Ampleon (Booth 

1449) showing its silicon LDMOS high-

power transistors for industrial heating 

and medical use, as well as for radar and 

communications applications though 

C-band frequencies. 

One of Ampleon’s latest power-

amplifier modules is the model BPC-

10M6X2S200 for medical and indus-

trial applications. It provides 200 W 

output power from 423 to 443 MHz on 

a lightweight pallet measuring just 125 

× 33 mm and weighing only 85 g, and 

can be used with pulsed and CW sig-

nals. The module, which is matched to 

50 Ω at input and output, boasts typical 

efficiency as high as 74% and gain as 

high as 38 dB. It can withstand VSWRs 

as severe as 10:1 for short durations 

without damage. 

Another high-power transistor sup-

plier, Integra Technologies (Booth 815), 

will launch several new power-transis-

tor products at IMS, including modules 

operating to 2 kW output power, X-band 

transistors, and devices with advanced 

thermal control. The firm will also show 

some devices with which the public may 

also be familiar, such as the model IGN-

P0912L1KW—it leverages GaN-on-SiC 

technology to provide 1000 W peak 

pulsed power output from 960 to 1215 

MHz. The device is designed for 2.5-ms 

pulse-width signals at 20% duty cycle. 

For those with higher-frequency 

requirements, the firm is also announc-

ing its model IGT5259L50 GaN-on-SiC 

transistor matched to 50 Ω to produce 

50 W pulsed output power from 5 to 6 

GHz (C-band frequencies), as well as 

its model IGN1214L500B high-power 

GaN-on-SiC high-electron-mobility 

transistor (HEMT) with 15.5-dB gain 

and 500 W output power at L-band fre-

quencies (1200 to 1400 MHz). “We’re 

thrilled to mark IMS 2018 as Integra’s 

breakout moment in providing the 

industry’s most advanced standard and 

semi-custom RF power devices,” says 

Integra’s CEO Suja Ramnath. 

GENERATING SIGNALS

Those responsible for generating RF/

microwave signals will argue that oscil-

lators and frequency synthesizers are 

just important as amplifiers in high-fre-

quency systems, especially as applica-

tions continue to move into the millime-

ter-wave range of frequencies. The 2018 

IEEE IMS Exhibition will feature more 

than a few sources for RF/microwave 

signals, with spectral quality as needed 

for a wide range of applications. 

Synergy Microwave Corp. (Booth 

4 0 9 )  m a d e  n o i s e  l a t e  l a s t  y e a r 

with the introduction of its model 

KSFLO27T50-12-100 phase-locked 

oscillator for use in frequency convert-

ers for 5G mmWave systems and in Ka-

band radar systems. Different formulas 

for 5G wireless communications net-

works have captivated high-frequency 

source designers with their plans for 

performing high-speed backhaul data 

links using various bands at mmWave 

frequencies. The company is among 

the signal-source suppliers that met the 

challenge of generating such high-fre-

quency signals with high stability. This 

compact phase-locked oscillator (Fig. 

11) is just one example of its different 

miniature signal sources for outputs 

through 30 GHz. 

The KSFLO27T50-12-100 produces 

+15.5 dBm or more output power at 27.5 

GHz, using a reference frequency at 100 

MHz to generate the stable mmWave 

output signals. The harmonics from the 

27.5-GHz signals are typically −30 dBc, 

while spurious levels are controlled to 

−60 dBc or less. As might be expected 

for signal sources from Synergy Micro-

wave Corp., the single-sideband (SSB) 

phase noise levels are low, even for this 

high output frequency, with typical 

phase noise of −72 dBc offset 100 Hz 

from the carrier, −80 dBc offset 1 kHz 

from the carrier, −82 dBc offset 10 kHz 

from the carrier, and −94 dBc offset 1 

MHz from the carrier. The phase-locked 

oscillator measures only 2.250 × 2.250 × 

0.375 in. with female SMA connectors 

and is designed for operating tempera-

tures from −20 to +50ºC. 

SiTime (Booth 1433) will offer visi-

tors details on it miniature oscillators 

based on microelectromechanical-

systems (MEMS) technology (Fig. 12). 

Two of its temperature-compensated 

crystal oscillators (TCXOs), models 

SiT5356 and SiT5357, serve as stable 

timing sources for a wide range of wire-

less systems requiring miniature tim-

ing sources. The SiT5356 can be pro-

grammed in 1-Hz steps from 1 to 60 

MHz, while the SiT5357 can be factory 

11. This phase-locked oscillator is one 

example of the move to higher frequencies, 

with its output frequency of 27. GHz. (Cour-

tesy of Synergy Microwave Corp.)
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set in 1-Hz steps from 60 to 220 MHz. 

Both MEMS TCXOs offer stability of 

±0.1 to ±0.25 ppm. Both are compliant 

to GR-1244 Stratum 3 oscillator speci-

fications. 

For those in search of more con-

ventional crystal-oscillator technol-

ogy, Bliley Technologies (Booth 2218) 

will showcase one of the industry’s 

lowest-power oscillators—its model 

LP62 oven-controlled crystal oscillator 

(OCXO). Operating at frequencies from 

10 to 50 MHz, the oscillator requires 350 

mW typical startup power, but has low 

135-mW steady-state power consump-

tion when operating from a +3.3-V dc 

supply. It delivers +9-dBm typical out-

put power into a 50-Ω load with −30 

dBc harmonics and low phase noise. For 

sinusoidal outputs, the phase noise is 

typically −95 dBc/Hz offset 1 Hz from a 

10-MHz carrier, −152 dBc/Hz offset 100 

Hz from the same carrier, −162 dBc/Hz 

offset 1 kHz from the carrier, and −165 

dBc/Hz offset 10 kHz from the 10-MHz 

carrier. 

Wenzel Associates (Booth 1792) will 

show its ONYX Series OCXOs among 

its variety of low-noise oscillators and 

source modules. Available with output 

frequencies from 10 to 160 MHz, these 

oscillators maintain low phase noise 

even during rigorous vibration, such 

as in military systems. The phase noise 

is as low as −176 dBc/Hz. The OCXOs 

are supplied in PCB-mount housings 

measuring just 1.0 × 1.0 × 0.5 in. Addi-

tional suppliers of high-performance 

crystal oscillators expected at the 

2018 IEEE IMS include Crystek Corp. 

(Booth 1933) and Greenray Industries 

(Booth 2104)

12. MEMS technology can be 

used to produce RF TCXOs 

this small with low phase 

noise and excellent stability. 

(Courtesy of SiTime)
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performance scientifc and engineering test equipment, 
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SRS products are not only affordable, but they offer 

incredible performance — like the new SG386 
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competing instruments.
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408-744-9040 for details on these products as well 

as our full line of instrumentation.  

A long-time supplier of components 

for commercial and military applica-

tions, Kratos General Microwave Corp. 

(Booth 1416), will display examples of 

its large catalog of microwave through 

mmWave components ,  including 

attenuators, phase shifters, switches, 

and frequency synthesizers. Among its 

fast-switching indirect frequency syn-

thesizers is model SF6218 (Fig. 13), a 

compact unit with 1-μs frequency 

switching speed from 2 to 18 GHz. Well-

suited for electronic-warfare (EW) and 

instrumentation applications, it tunes 

in 10-kHz steps via 21-bit parallel tun-

ing control. The wideband frequency 

synthesizer, just one example of Kra-

tos’ extensive lineup, provides +10 dBm 

typical output power with −20 dBc har-

monics. The phase noise is typically −90 

dBc/Hz offset 1 kHz, −100 dBc offset 10 

kHz, and −105 dBc offset 100 kHz from 

the carrier.

Ducommun (Booth 1312) will be in 

Philadelphia with samples of its high-

frequency Gunn-based oscillators for 

microwave and mmWave systems. Its 

mechanically tuned OGF series Gunn 

oscillators, for example, cover wave-

guide frequency bands from 18 to 110 

GHz. Among the higher-frequency 

units, model OGF-1205-01 tunes from 

60 to 90 GHz with WR-15 waveguide 

and provides +5 dBm typical output 

power. Model OGF-1003-01 tunes from 

75 to 110 GHz with WER-10 waveguide, 

generating +3 dBm typical output power 

across the band.  

In contrast, Micro Lambda Wireless 

(Booth 1503) will show its wide range 

of microwave oscillators and frequency 

synthesizers based on yttrium-iron-gar-

net (YIG) technology. Among its differ-

ent types of frequency synthesizers are 

the MLMS and MLSP series frequency 

synthesizers for PXI modular applica-

tions. With models available at tuning 

frequencies as high as 20 GHz, they can 

be installed into test systems to provide 

high-performance signal generation 

while occupying little volume. As an 

example, model MLSP-2080 tunes from 

2 to 8 GHz in 1-kHz steps with phase 

noise of only −117 dBc/Hz offset 100 

kHz from the carrier. The compact fre-

quency synthesizer measures just 5 × 3 

× 1 in.  

13. Kratos’ high-speed indirect frequency 

synthesizer tunes from w to 18 GHz in 1 μs or 

less. (Courtesy of Kratos General Microwave)

http://www.thinkSRS.com
http://www.thinkSRS.com
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BUILDING MATERIALS

Materials associated with high-fre-

quency electronics design include adhe-

sives, EM shielding, packaging, and 

printed-circuit-board (PCB) materials. 

A number of leading suppliers for each 

material category will be present with 

booths on the IMS exhibition floor, 

including Epoxy Technology (Booth 

2132) showing a variety of adhesives 

for electronic circuits and systems. The 

company’s EPO-TEK epoxy-based 

materials are used for critical product 

assembly applications. The RoHS-com-

pliant materials also meet some of the 

most demanding quality requirements, 

including ISO 9001:2008 and MIL-

STD-883/5011 for military and aero-

space applications. 

Rogers Corp. (Booth 939) will be at 

this year’s IMS with samples of several 

of its latest high-performance circuit 

materials: AD300D laminates (Fig. 14) 

and IM Series laminates. The fourth-

generation AD300D circuit materials 

extend the capabilities of the popu-

lar AD300 product line for RF and 

microwave circuit applications. These 

ceramic-filled, glass-reinforced, PTFE-

based materials provide the outstanding 

stability and performance needed for 

mobile communications infrastructure 

applications, including 4G LTE and 

emerging 5G systems. 

The AD300D laminates exhibit dielec-

tric constant of 2.94 in the z-axis (thick-

ness) at 10 GHz, tightly controlled within 

±0.05. The laminates have low loss, with 

dissipation factor (Df) of 0.0021 at 10 

GHz and outstanding passive-intermod-

ulation (PIM) performance with −159 

dBc for a 0.03-in. material thickness. 

When even better PIM performance 

is needed, Rogers’ IM Series high-fre-

quency laminates are superior-PIM ver-

sions of the AD300D materials. They 

are well-suited for wireless base-station 

antennas where the most demand-

ing PIM performance levels must be 

achieved. The IM Series laminates fea-

ture ultra-smooth electrodeposited cop-

per foil cladding with excellent adhesion 

to the substrate materials. Additional 

materials suppliers at the exhibition 

include Materion Advanced Materials 

(Booth 2315), Polyflon (Booth 2214), 

and Taconic (Booth 703). 

TESTING LIMITS

For a show like the 2018 IEEE IMS, 

suppliers of test-and-measurement 

solutions usually have their hands full, 

since their customers come from both 

inside and outside the exhibition hall. 

The usual trends in test, to make accu-

rate measurements in less time and for 

less expense, remain in 2018 with rap-

idly growing requirements for higher-

frequency measurements in support of 

mmWave electronic devices and circuits 

in automotive radar and 5G wireless 

communications networks. 

Anritsu Co. (Booth 925) recently 

introduced a number of 5G measure-

ment software options for its versatile 

MS2850A signal analyzer (Fig. 15) that 

are compliant with the 3GPP 5G New 

Radio (5G NR) wireless standard. When 

equipped with the new software, the sig-

nal analyzer can be used to verify the 

transmit characteristics of 5G base sta-

tions, small cells, and mobile devices, 

along with existing wireless devices 

and satcom equipment. The analyzer is 

available in versions covering 9 kHz to 

32 GHz and 9 kHz to 44.5 GHz. Using 

fast Fourier transform (FFT) technol-

ogy, the analyzer is capable of analysis 

bandwidths as wide as 1 GHz with as 

much as 140-dB dynamic range. 

The software can be used with the 

analyzer to test 5G systems at sub-6-

GHz signals as well as at mmWave 

bands of 28 and 39 GHz (depending on 

instrument model version) according to 

the 5G NR standard. The software helps 

to speed what are traditionally complex 

and time-consuming measurements, 

such as transmit power, frequency error, 

and error-vector-magnitude (EVM) 

measurements.

Keysight Technologies (Booth 1325) 

is focused on solving the challenges 

associated with mmWave frequencies. 

The company will showcase several 

solutions for 5G, WLAN, radar/EW, and 

satcom applications, including a suite 

of software solutions utilized across the 

15. Visitors to the 2018 IMS in need of the latest test gear will find help with the 5G NR soft-

ware upgrade to this popular signal analyzer. (Courtesy of Anritsu Corp.)

14. The 2018 IMS will be a launching pad for 

many new products, including these fourth-

generation PCB materials for 4G and 5G 

wireless designs. (Courtesy of Rogers Corp.)
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product development workflow. Some 

of the solutions it will demonstrate 

include:

• PathWave: Transforms how test-

and-measurement data is shared 

across the product development 

lifecycle. With PathWave, design, 

test, and manufacturing teams can 

improve handoff time, integrate 

new equipment faster, and scale 

resources.

• 5G NR Design Validation Test-

bed (featuring the Ball Aerospace 

phased array): Designed to gener-

ate and analyze a variety of standards 

and custom waveforms, including 

3GPP NR, pre-5G (5GTF), custom 

OFDM, and custom I/Q. This refer-

ence solution combines Keysight 

software and hardware to provide a 

flexible testbed for 5G research and 

development and design validation 

for 5G waveform generation and 

analysis (Fig. 16).

• 110-GHz Network Analyzer : 

Enables mmWave receiver char-

acter izat ion.  This  broadband 

mmWave solution can enhance 

device characterization and model-

ing for on-wafer and connectorized 

measurements.

• Nonlinear Vector Network Ana-

lyzer (PNA-X): Allows users to per-

form X-parameter measurements 

to characterize beamforming ICs, 

GaN amplifiers, and other devices. 

This solution is intended to simpli-

fy test setups and provide detailed 

insight into designing nonlinear 

components. The PNA-X Series 

network analyzer with NVNA 

(nonlinear VNA) accurately mea-

sures and displays the nonlinear 

behavior of the device under test 

(DUT) to deterministically design 

components, modules, and systems.

As a Gold Sponsor, National Instru-

ments (Booth 1825) will also be on hand 

at the 2018 IEEE IMS exhibition with 

numerous samples of the powerful NI 

AWR Design Environment design and 

simulation software, as well as its variety 

IMS Preview

16. This 5G testbed for design validation can 

analyze the performance of a phased-array 

antenna in receive mode with a 3GPP NR sig-

nal in the presence of an unwanted interfering 

signal. (Courtesy of Keysight Technologies)
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of measurement hardware solutions. In 

addition to exploring the use of the soft-

ware on display at the booth, it will be 

part of a separate display for the Micro-

Apps exhibition (Booth 1457) sched-

uled for Tuesday, June 12. MicroApps 

will include the use of design software to 

improve the efficiency of RF/microwave 

power amplifiers; help design multiple-

input multiple-output (MIMO) anten-

nas for IoT applications; create phased-

array antennas for X-band systems; and 

develop hardware for automotive radar 

systems for ADAS applications. 

Visitors to the Mini-Circuits’ booth 

(203) may be surprised by the firm’s 

strong presence in the test equipment 

market, with many different benchtop 

and modular measurement solutions. 

These include programmable switch 

matrices and multiple-channel attenua-

tor systems, as well as some equipment 

that might not be found at many RF/

microwave instrument suppliers, such 

as 75-Ω test systems that perform cable-

television (CATV) equipment measure-

ments and high-temperature operating-

lifetime test systems. 

Among its many instruments on dis-

play, Rohde & Schwarz USA (Booth 

649)  will show its affordable R&S 

FPC1500 spectrum analyzer, which 

also packs the functionality of a vector 

network analyzer (VNA) and a signal 

(tracking) generator into a single com-

pact instrument. With a standard fre-

quency limit of 1 GHz, it is keycode 

upgradeable to 3 GHz. It offers resolu-

tion bandwidths as fine as 1 Hz with a 

one-port VNA and Smith Chart display. 

It can even be remotely controlled via 

Wi-Fi using the appropriate test soft-

ware. The versatile instrument is a good 

match for evaluating IoT products. 

In addition to its amplifiers, Elite 

RF LLC (Booth 307) will demonstrate 

some of the instruments that can test 

them with its S Series of single-box test 

systems, with multiple functions in one 

box (Fig. 17). Instrument systems such 

as the highest-frequency models in the 

line, the SA1241 and SPA1241, combine 

a spectrum analyzer, tracking genera-

tor, two-channel signal generator, four-

channel  oscilloscope, and pulsed/CW 

power meter in a standard rack-mount 

instrument enclosure. The tracking gen-

erator, oscilloscope, and spectrum ana-

lyzer extend to 12.4 GHz while the power 

meter is usable from 50 MHz to 20 GHz.  

Additional suppliers of test-and-

measurement solutions at the 2018 IEEE 

IMS include: 

Berkeley Nucleonics Corp. (Booth 

1709), Boonton (Booth 932), Cop-

per Mountain Technologies (Booth 

1849), EM Research (Booth 2230), 

Focus Microwaves (Booth 2025), GGB 

Industries (Booth 1317), Holzworth 

Instrumentation (Booth 1949), Maury 

Microwave Corp. (Booth 1525), Mini-

Circuits (Booth 203), MKS Instrument 

Italy (Booth 552), Noise XT (Booth 

1555), Noisecom (Booth 932), OML 

Inc., (Booth 1436), and Roos Instru-

ments (Booth 2137). 

MANAGING mmWAVES

Millimeter-wave frequencies are gain-

ing interest due to their growing impor-

tance for ADAS and 5G systems, and 

suppliers of mmWave components are 

expected to see more than their share 

of visitors at the 2018 IMS. A long-time 

mmWave component supplier, SAGE 

Millimeter (Booth 1103), will show 

both active and passive components. Its 

model SAT-363-25028-C1 is a WR-28 

orthomode transducer (OMT) that 

operates between 30 and 42 GHz (Fig. 

18). It separates a circularly or ellipti-

cally polarized waveform into two lin-

ear, orthogonal waveforms. It can also 

17. The S Series one-box tester reflects a trend of packing more measurement power into a 

smaller test space. This unit works to 20 GHz. (Courtesy of Elite RF LLC)

18. This orthomode transducer operates at 

millimeter-wave frequencies from 30 to 42 

GHz and represents a growing number of 

mmWave products on display at the IEEE 

IMS. (Courtesy of SAGE Millimeter)

19. This active frequency multiplier creates 

signals from 71 to 86 GHz from input signals 

at one-fourth the frequencies. (Courtesy of 

SAGE Millimeter)
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MAKING MEASUREMENTS COUNT AT THE 2018 ARFTG

ABOUT TO MEET for the 91st time, the 

Automatic RF Techniques Group (ARFTG) 

has grown from an informal gathering of 

test-and-measurement professionals and 

concerned users of test equipment to a 

full-fledged measurement conference with 

technical presentations rivaling those of 

the 2018 IEEE IMS conference. The 91st 

ARFTG is a one-day event scheduled for 

Loews Hotel across from the Pennsylva-

nia Convention Center on the last day of 

the IMS week (June 15), with technical 

presentations organized into five separate 

sessions and its own dedicated ARFTG 

exhibition area. 

The technical forums provide cover-

age of the challenges in performing accu-

rate characterization of modulated signals, 

especially as those signals reach toward 

millimeter-wave (mmWave) frequencies for 

5G systems; large-signal measurements of 

the different building blocks needed for 5G 

networks, including GaN power amplifiers; 

the importance of calibrating test equipment 

and measurement systems for 5G applica-

tions; and the coming challenges in making 

measurements at mmWave frequencies. 

In addition, the almost full-day interactive 

forum will address on-wafer measurements 

at mmWave frequencies; various tech-

niques for measurements on materials; and 

the importance of calibration standards for 

measurement systems through 110 GHz. 

With the growing interest in mmWave fre-

quencies, the 91st ARFTG is clearly tuned 

to the heart beat of the industry.

IMS Preview

combine two linearly polarized wave-

forms into one circularly or elliptically 

polarized waveform. 

The firm will also present its model 

SFA-713863415-12SF-S1 active ×4 fre-

quency multiplier. It transforms inputs 

from 17.75 to 21.50 GHz to outputs from 

71 to 86 GHz (Fig. 19). The active multi-

plier boosts inputs at +5 dBm to outputs 

at +15 dBm, with low harmonics (−20 

dBc). Input signals feed a female K con-

nector while outputs are available at a 

WR-12 waveguide port.

Analog Devices (Booth 1725) will 

display its own mmWave solutions, 

such as the company’s complete 24- to 

44-GHz radio based on SiGe and 28-nm 

CMOS. The company will also dem-

onstrate how its technology can enable 

77-GHz automotive radar along with 

autonomous transportation systems.

In addition to mmWave products, 

Analog Devices plans to demonstrate 

a 7.125-GHz 5G signal chain. Further-

more, the company will showcase an 

expansion of its RadioVerse technology, 

as well as high-speed RF converters and 

aerospace/defense solutions. Technolo-

gy exhibits include MEMS switches, RF 

switches, power detectors, GaN power 

amplifiers, synthesizers, new updates 

from the Linear/power management 

line, and more.

Getting back to mmWaves, additional 

suppliers of mmWave components at 

the 2018 IMS include Farran Technol-

ogy (Booth 2306), Flann Microwave 

(Booth 2149), Millimeter Wave Prod-

ucts (Booth 2203), Pasternack (Booth 

2133), TDK Corp. (Booth 1207), Tele-

dyne (Booth 525), UTE Microwave 

(Booth 955), and Werbel Microwave 

LLC (Booth 1857). 

SAMPLING SOFTWARE

Finally, for those looking for the latest 

versions of RF/microwave design soft-

ware at the 2018 IMS, the trick is to seize 

an open screen, since CAE suppliers are 

usually swamped with visitors checking 

to see what’s new. In addition to its pleth-

ora of test software, Keysight Technolo-

gies (Booth 1325) will show its popular 

Advanced Design System (ADS) soft-

ware in various options, including pro-

fessional and student versions. National 

Instruments (Booth 1825) will also be 

on hand with its powerful suite of soft-

ware design tools from Applied Wave 

Research (AWR), including Microwave 

Office, Visual System Simulator (VSS), 

and its AXIEM 3D planar EM simulator. 

For all of its efforts in modeling 5G and 

automotive radar systems using its EM 

simulation tools, Remcom (Booth 1917) 

should draw a crowd on the exhibition 

floor. The software has proven its value 

to those involved with antenna design 

and placement, especially in the design of 

systems with MIMO antenna elements 

for emerging 5G wireless networks. 

Additional CAE software suppliers 

worth a stop at the 2018 IMS include 

ANSYS (Booth 1025), Cadence Design 

Systems (Booth 1861), MathWorks 

(Booth 2056), Modelithics (Booth 

1642), and Sonnet Software (Booth 

541). While many of these CAE soft-

ware suppliers offer online seminars 

and educational tools on their websites, 

insights gained from staff members at 

an exhibition booth are usually worth 

the wait for that open computer display 

screen. 

W
hile many of these CAE software suppliers offer online semi-

nars and educational tools on their websites, insights gained 

from staff members at an exhibition booth are usually worth the wait for 

that open computer display screen.
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The wireless frequency spectrum extends to 300 GHz and beyond, but with the  

ever-growing number of wireless applications, that spectrum must be managed  

for its most efficient use. 

F
requency spectrum might 

seem unlimited, consider-

ing the wide range of radio 

frequencies from 9 kHz to 

300 GHz. But with more people and 

things using radio spectrum, portions 

of it, including smartphones in 4G LTE 

and soon 5G wireless networks, bil-

lions of Internet of Things sensors (see 

p. 118), and in connected smart cars, 

even the millimeter-wave (mmWave) 

frequencies (30 GHz and above) are 

being used up. 

Spectrum management is the pro-

cess of getting the most efficient use of 

available radio frequencies and with 

minimum interference. It involves com-

mercial and military management, at 

national and international levels. Spec-

trum management is an ongoing pro-

cess, since the demand for frequency 

spectrum grows with the number of 

wireless devices. Can radio frequency 

spectrum run out? If not properly man-

aged, it can. But with proper manage-

ment, even 6G will be possible. 

Spectrum management has been 

going on since radio waves were first 

used for AM and FM broadcast radios, 

maintaining signals for these radios in 

the ranges of 540 to 1600 kHz and 88 

to 108 MHz, respectively. In the U.S., 

broadcast television services occupied 

VHF and UHF bands at roughly 54 to 

806 MHz, and the radio spectrum allo-

cation chart started to fill with these ear-

ly commercial uses of electromagnetic 

(EM) energy and radio spectrum. 

Today, the radio-spectrum allocation 

chart for the U.S. is a densely populated 

map of commercial,  military, and 

government applications with rapidly 

s h r i n k i ng  s e c t i ons  of  av a i l ab l e 

bandwidth. The U.S. table of frequency 

allocations covers the radio spectrum 

from 9 kHz to 300 GHz. In addition 

to those early radio and television 

applications, frequency bands are 

filled by cellular telephones, wireless 

communications networks, Global 

Positioning System (GPS) satellites, 

vehicle collision-avoidance radars, 

satellite communications (satcom) 

systems, and a variety of defense-

related systems, such electronic-warfare 

(EW), electronic intelligence (ELINT), 

radar, and surveillance systems. Each 

application has its  own al located 

portion of the frequency spectrum, 

designed for its optimum use, but also 

for minimum interference with existing 

applications using other portions of the 

radio spectrum.

JACK BROWNE | Technical Contributor

Engineering Essentials

Managing Limited 
Spectrum for  
Unlimited Applications

1. The NTIA is partnering with the University of Colorado Boulder on spectrum-management research over the course of a five-year R&D 

agreement.  (Courtesy of the University of Colorado Boulder)
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Spectrum Management

ALLOCATING FREQUENCIES

The various frequency bands are 

assigned by the process of spectrum 

authorization, handled by different 

organizations in different locations. The 

National Telecommunications and Infor-

mation Administration (NTIA) is the 

organization that manages the U.S. fed-

eral government’s use of frequency spec-

trum, working with the Interdepartment 

Radio Advisory Committee (IRAC). The 

Federal Communications Commission 

(FCC) manages all domestic non-federal 

use of spectrum in the U.S. 

Additional government organiza-

tions such as NASA work with these 

spectrum regulatory groups to ensure 

that spectrum will be available for pres-

ent and future space-exploration mis-

sions. Internationally, the International 

Telecommunications Union (ITU) is 

part of the United Nations that manages 

terrestrial and satellite use of frequen-

cies among different nations. 

As spectrum continues to be con-

sumed by different wireless applica-

tions, additional concepts have been 

proposed to ease the control of these 

organizations. This includes spectrum 

trading or sharing, in which a portion of 

bandwidth initially authorized for one 

type of application might also be used 

for a different application without need 

of authority from an organization like 

the FCC. 

The FCC most recently issued a pub-

lic notice (PN, May 1, 2018) on the fea-

sibility of the licensed and unlicensed 

use or sharing the use of the frequencies 

between 3.7 to 4.2 GHz. The FCC notes 

that there’s currently no federal alloca-

tion for the band from 3.7 to 4.2 GHz, 

and is hoping to explore the effects of 

having commercial licensed and unli-

censed users possibly share the band 

with federal users. 

For federal U.S. applications, the 

NTIA will work with a federal govern-

ment group or agency to review the 

expected characteristics and specifica-

tions for a new wireless system to ensure 

that the new system can operate effec-

tively without disrupting existing radio-

frequency systems. If it appears that 

the new system is safe, the NTIA will 

issue a Certificate of Spectrum Support, 

followed by a frequency authorization 

to the proposing group or agency that 

makes it possible to use the new system 

on a specific frequency and bandwidth 

or band of frequencies. 

It’s then a matter for the proposing 

agency to put one or more of the new 

systems to use in the field. Therefore, 

actual use tests can be performed with 

available test equipment, such as sig-

nal generators and spectrum analyz-

ers, to evaluate the effects of what might 

have been unforeseen problems (e.g., 

second- and third-harmonic interfer-

ence from an antenna or signal source). 

The NTIA must review and approve any 

of these test results to ensure that the 

new application performs as expected 

and does not cause interference to exist-

ing applications. The NTIA works with 

guidance from other federal agencies, 

such as IRAC, as well as different federal 

departments like the U.S. Department 

of Transportation (DOT), as needed on 

spectrum-management issues.

GOING TO SCHOOL

As part of the U.S. Department of 

Commerce, the NTIA works with many 

researchers on maintaining the database 

needed for effective spectrum manage-

ment. The NTIA recently announced a 

five-year R&D agreement with the Uni-

versity of Colorado Boulder to develop 

a wireless test bed that essentially uses 

the university’s grounds (Fig. 1) as a 

laboratory for spectrum-management 

research. The NTIA and the university 

will benefit from the research, installing 

spectrum-monitoring sensors through-

out the campus. 

David Redl, Assistant Secretary of 

Commerce for Communications and 

Information and NTIA Administrator, 

says, “We’re excited that ITS is moving 

forward with this important test-bed 

research that will provide analytics on 

how real-world spectrum sharing could 

work. The scientists and engineers 

working at ITS are experts in the field of 

spectrum measurement, and we expect 

the collaboration with CU to lead to 

new opportunities for government users 

to share spectrum with other agencies 

and commercial users.” The test bed will 

help explore new wireless technologies, 

specifically how they occupy spectrum 

and interact with each other under real-

world conditions. 

Peter Mathys, Associate Professor in 

Electrical, Computer and Energy Engi-

neering at the university, offers, “This 

will be a great motivator for students 

who use wireless devices on a daily basis 

but have little understanding of the 

underlying physical limitations asso-

ciated with wireless technology. This 

testbed will enable measurement of the 

effects associated with the ever-growing 

demand for increased wireless commu-

nications.” 

For its part, the FCC works on devel-

oping new uses for frequency spectrum 

with state and local government users as 

well as private and business users. For 

any new application, the FCC will first 

issue a Type Acceptance that identifies 

the authorized frequency band and the 

performance parameters, such as maxi-

mum transmit-power and frequency-

channel bandwidth. Following the Type 

Acceptance, the FCC will issue the user 

a radio license for that frequency or 

group of frequencies, and the user must 

go through testing of the new equip-

ment according to the FCCs require-

ments and recommended test methods. 

The FCC works closely with the NTIA 

in managing spectrum in all conditions, 

in peacetime as well as war. As part of a 

2010 presidential advisory, the FCC is 

collaborating with the NTIA to “find” or 

make available a total of 500 MHz of fed-

eral and non-federal communications 

spectrum for mobile and fixed broad-

band wireless use by the year 2020. 

On a global basis,  the ITU has 

mapped the world’s use of frequency 

spectrum into three main operating 

areas, and maintains a global Table 
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Spectrum Management

of Allocations for the different nation 

members to follow. When new telecom-

munications designs or applications are 

developed, proposals for that new use of 

frequency spectrum must be submitted 

to the ITU. To assess the global need for 

spectrum management and any reorga-

nization of the Table of Allocations, the 

ITU holds regular.

World Radiocommunications Con-

ferences (WRCs) to invite new ideas for 

frequency-spectrum usage.

5G AND BEYOND

Much of the promise of 5G wireless 

networks depends on the availability of 

sufficient frequency bandwidth to sup-

port the many functions of this emerging 

wireless technology, and the NTIA will 

play a key role in finding the spectrum 

required for 5G in the U.S. What makes 

5G somewhat unconventional is its use 

of scattered spectrum, at both lower and 

higher frequencies. For mmWave fre-

quency access, for example, the NTIA 

has supported the FCC’s Spectrum Fron-

tiers program, collaborating on a means 

of sharing the 37-GHz frequency band 

between federal and non-federal users. 

Both agencies feel that if the 37-GHz 

effort is successful, it could serve as a 

model for spectrum sharing of other 

mmWave bands, especially those needed 

for short-haul links in support of high-

data-rate communications in 5G wire-

less networks. The NTIA is also working 

very closely with the FCC on the use of 

the 24- and 28-GHz frequency bands, 

which are under consideration for use in 

emerging 5G wireless networks. 

At lower frequencies, the FCC has 

proposed the possibility of reusing the 

2.5-GHz spectrum currently allocated 

to the Educational Broadband Service 

for the lower bands of 5G networks. At 

the same time, the NTIA has proposed 

repurposing the band of frequencies 

from 3450 to 3550 MHz for commercial 

use, perhaps as part of coming 5G wire-

less networks. 

While the FCC is responsible for safe-

guarding the interests of non-Federal 

users for existing frequency bands, the 

NTIA must also watch for any conflicts 

that can cause interference with govern-

ment and military users. It must ensure 

that the frequencies and bandwidths 

consumed by an emerging application 

such as 5G do not “steal” needed band-

width from military communications or 

radar systems. 

Much of the work to be done by the 

NTIA and FCC in finding spectrum for 

5G must weigh not only the available 

spectrum, but the state of technology 

out there that can support the use of 

any available frequencies. Since 5G is 

being designed to make use of lower, 

2. BroadbandUSA is an initiative and website organized by the NTIA to promote the use of 

broadband communications throughout the U.S.  (Courtesy of the NTIA)
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mid-range, and higher (mmWave) fre-

quencies, the economy of components 

for each different frequency range will 

vary with the frequency, with the most 

expensive components at the highest 

frequencies. Still, agencies such as the 

NTIA and FCC have traditionally used 

spectrum management to encourage 

the development of new technologies 

and more practical solutions that would 

allow the economical use of mmWave 

frequencies even above 95 GHz. 

In recent remarks to the CTIA on 

that organization’s “Global Race to 5G” 

report, the NTIA’s David J. Redl, con-

firmed the importance of 5G as more 

than just a new generation of wireless 

communications equipment: “5G and 

the technologies it will enable prom-

ise transformative changes that will 

improve healthcare, advance manufac-

turing, and benefit public safety.” 

Redl noted that maintaining a techno-

logical edge in 5G technology and mod-

ern communications in general is critical 

for the U.S. as a world leader. In addition 

to spectrum availability, security is one 

of the main concerns for the develop-

ment of 5G wireless networks. Whereby 

the network and devices on that network 

can be made sufficiently secure to pro-

tect the information for users at all levels, 

from private citizens to the government 

and military users expected to share the 

many resources of 5G systems. 

Along with its close ties to the FCC, 

the NTIA also works with many govern-

ment organizations to promote effective 

use of frequency spectrum throughout 

the country. One of its newer initia-

tives, BroadbandUSA (Fig. 2), is aimed 

at helping communities throughout the 

U.S., no matter how remote, to develop 

the broadband communications capac-

ity required for effective economic 

development, education, healthcare, 

and public safety. BroadbandUSA is 

expected to use webinars and other edu-

cational methods to reach citizens, and 

to encourage close coordination among 

federal agencies to promote broadband 

deployment and adoption. 
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What are the keys to effective mmWave automotive radar? This article looks at the 

simulation, development, and manufacturing phases required for the design and test 

of these systems.

Millimeter-Wave 
Automotive Radar 
Testing Must be Flexible

JEFF HARRIS | Vice President of Portfolio Marketing, Keysight Technologies  
www.keysight.com

Industry Trends

O
ne of the most ambitious areas of automotive 

innovation is autonomous driving, where 

precision sensors provide input to real-time 

decision-making algorithms. Most autono-

mous driving strategies use some combination of a sensor set, 

including optical, LiDAR, and radar systems. Sensors can be 

deployed at different locations around the vehicle, with each 

being responsible for providing critical input information to 

decision-making algorithms.

The radar sensor is tasked with identifying and spatially 

locating mass-based obstacles. These can include other vehi-

cles, bicyclists, pedestrians, animals, and even fixed obstacles. 

The key metrics when analyzing the performance of a radar 

sensor is how reliably it can resolve objects (range resolution), 

how much it can resolve velocity of objects (velocity resolu-

tion), and the size of the antennas that dictate placement. 

The first two parameters above are governed by the radar’s 

bandwidth, while the third is governed by the radar’s center 

frequency. Understanding the radar’s set of responsibilities in 

an advanced driver assistance system (ADAS) is key to deter-

mining how to measure its performance.

In vehicles, radars are typically integrated in two main loca-

tions—either in the four corners or looking out the front of the 

vehicle (Fig. 1). The corner-looking applications are typically 

for short-range applications, such as blind-spot detection, 

lane-change assist, and front/rear collision-warning alert. The 

front-looking applications are typically mid- to long-range 

applications, such as emergency braking systems and adaptive 

high-speed cruise control on highways.

FREQUENCY AND BANDWIDTH CHANGES RADAR 

TESTING

Initial automotive radars were in the 24-GHz band, but 

were limited to bandwidths of 250 MHz due to worldwide 

spectrum availability. The narrow bandwidth limited the 

radar’s ability to resolve objects that were close to one another. 

Newer 77-GHz radars will offer 1 GHz of bandwidth, while 

81-GHz systems will allow up to 4 GHz of bandwidth. These 

wider bandwidths will dramatically increase range and veloci-

ty resolution, and the higher center frequencies enable smaller 

profile antennas that open up new vehicle installation place-

ment opportunities.

Transitioning from 24- to 81-GHz bandwidths results in 

20X better performance in terms of range resolution and 

accuracy. The improvement in range resolution means that 

the 75-cm resolution at 24 GHz is as fine as 4 cm in an 81-GHz 

system, allowing for detection of bicyclists next to cars, people 

walking with pets, etc.

1. Shown are typical automotive mmWave radar applications and 

mounting locations.

58 MAY 2018  MICROWAVES & RF

http://www.keysight.com


Test comparisons between 1- and 4-GHz bandwidths high-

light the difference (Fig. 2). A 1-GHz bandwidth signal, shown 

on the left, is not able to distinguish between two side-by-side 

objects in the same manner as the 4-GHz bandwidth signal, 

shown on the right. If that were a man and his dog walk-

ing closely together and the dog suddenly jumps onto the 

road, only the 4-GHz bandwidth signal would detect both 

separately and provide the correct information to the driver or 

autonomous-vehicle system.

TEST CONSIDERATIONS FOR ADVANCED  

AUTOMOTIVE RADARS

Developing high-performing millimeter-waveform auto-

motive radar requires minimizing propagation loss, phase 

noise, I/Q and frequency-response errors, and noise. Test-

ing at mmWave frequencies, especially the 76- to 81-GHz 

band, demands a sophisticated test solution where the choice 

of instruments, cables, connectors, and 

accessories all matter to ensure signal 

accuracy and repeatability. Important 

considerations exist in the design, vali-

dation, and manufacturing test phases 

that could skew the outcomes.

DESIGN SIMULATION PHASE

Flexible, accurate signal generation is 

at the heart of good radar system design 

and test. This starts with an automotive 

radar simulation library that contains 

multiple models and reference designs. 

The library should include comprehen-

sive tools for frequency-modulated-

continuous-wave (FMCW) radar wave-

form generation, signal modulation, 

antenna modeling, channel simulation, and signal process-

ing. Reference designs, such as multi-target range, speed 

measurement, and 3D scanning radar using antenna arrays, 

provide a starting point to implement design ideas into early 

simulations and prototyping. Figure 3 shows samples of three 

different types of FMCW signals.

DEVELOPMENT PHASE

Once a simulated waveform is selected, a developer down-

loads it to an arbitrary waveform generator (AWG). AWGs are 

used to generate wide-bandwidth radar signals for automo-

tive radar testing (see table). The signals are upconverted to 

mmWave frequency bands to verify designs in preparation 

for real hardware testing. A typical test setup consists of an 

AWG, a vector signal generator (VSG), and an upconverter to 

generate an ideal reference signal (replace Tx LO/VCO) plus 

interference, clutter, and jamming signals (Rx Test).

2. Looking at this bandwidth comparison, employing a 4-GHz band-

width (right) enables two objects that are only 10 cm apart to be 

separated.

3. These FMCW signals were generated by the Keysight SystemVue 

W1908 Automotive Radar Library (from left to right: sawtooth, tri-

angle, and custom FMCW waveforms). 

HIGH-SPEED AWG FUNCTIONALITY AND 

BENEFITS TO TEST AUTOMOTIVE RADAR

High Speed AWG Functionality Radar Testing Benefit

Extremely wide modulation bandwidth 
(e.g.,  dc to 32 GHz)

Discern targets that are close together
Finer resolution of a given object

Instantaneous frequency hopping 
Overlapping pulses at different frequencies

Realistic simulation of multiple emitters 
transmitting simultaneously

Phase-coherent, multi-emitter, multi-channel 
pulse generation

Economical setup for testing multi-channel 
radar receivers

Repeatable phase from pulse-to-pulse and 
channel-to-channel, perfect frequency ramps

Repeatable results

Flexible modulation format Develop new modulation schemes that 
are more tolerant to interference

No images or carrier feedthrough
Flat magnitude and phase response 

(after calibration)

Testing your device and not the instrument
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mmWave Automotive Radar

Wide-bandwidth automotive radar signal analysis includes 

RF power, spectrum emissions, phase noise, frequency sta-

bility, and modulation quality. For this, a complete automo-

tive radar signal-analysis system, such as the setup shown in 

Figure 4, is needed.

When measuring wide-bandwidth systems, it is vital to have 

measurement capabilities that go beyond the expected design. 

For instance, if testing 4-GHz bandwidth signals at 81 GHz, it 

is recommended to use a signal-analysis system that can ana-

lyze frequencies as high as 110 GHz and bandwidths as high as 

5 GHz for extra design margin.

The other key metric is sensitivity. A displayed average 

noise level (DANL) that reaches −150 dBm/Hz allows devel-

opers to measure low-level and sensitive radar signals. The 

Keysight E8740A automotive radar signal-analysis and gen-

eration solution performs analysis and generation of auto-

motive radar signals across full frequency ranges for 24-, 77-, 

and 79-GHz radar. It provides scalable analysis bandwidth 

that ranges from 2.5 to greater than 5 GHz, depending on test 

requirements.

MANUFACTURING

Once a design is complete, efficient and comprehensive 

test coverage during manufacturing increases reliability and 

reduces cost. During manufacturing test, the key is to create a 

scalable, reliable, accurate, and repeatable radar target simula-

tor (RTS) solution. 

At a minimum, the RTS should be able to apply time delay, 

Doppler frequency shift, and attenuation to simulate range, 

radial velocity, and radar cross-section (size of object) in a 

simulated test range. To be realistic, the RTS needs to be capa-

ble of testing at ranges as close as 1 m and as far as 450 m, and 

within speeds from zero to ±360 km/hour.

END-TO-END TESTING FOR mmWAVE AUTOMOTIVE 

RADARS

While optimizing all three parts of the development cycle 

are important, flexibility is the most critical aspect during the 

development phase. Testing is rarely static during this phase, 

as developers strive to precisely measure performance in the 

presence of a variety of realistic noise and jamming condi-

tions—all of which need to be integrated. 

Frequency coverage, measurement accuracy, and dynamic 

range of instruments make a huge difference in measurement 

efficacy. And most importantly, do not forget to implement 

a disciplined S-parameter and power calibration process to 

ensure that measurements remain accurate throughout your 

design, validation, and production phases. 

4. This is a complete auto-

motive radar signal-analysis 

system.

O
nce a design is complete, efficient and comprehensive test 

coverage during manufacturing increases reliability and 

reduces cost. During manufacturing test, the key is to create a scalable, 

reliable, accurate, and repeatable radar target simulator (RTS) solution. 
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350 kW CW Spoken Here
At Delta-Sigma, Inc., home of the world’s most 

powerful solid-state RF power amplifiers since 1995

Delta-Sigma, Inc. has been building 

state-of-the-art high-power RF amplifiers since

1995 and has been setting new benchmarks

along the way. Today we offer complete com-

pact turnkey systems from 1 kW to 350 kW CW

or pulse (the highest in the industry) with ex-

ceptional linearity, efficiency, and ruggedness. 

For example, NASA’s new 250-kW Doppler radar

wind profiler at Kennedy Space Center provides

critical pre-launch wind data up to 60,000 ft.

and was designed and built by Delta-Sigma, Inc.

It’s the only such system in the world to be

powered by RF power transistors.

Delivering capability like this requires teamwork

and partnership, something Delta-Sigma, Inc. is

proud of and offers every customer, large or

small. So whether you’re making the transition

from vacuum tubes to solid-state, need 1-kW

solid-state amplifiers for battlefield radios, or a

complete high-power system for radar, EW, sci-

entific, or industrial applications, Delta-Sigma, Inc.,

can build a custom solution that meets or 

exceeds your requirements.

PLEASE CONTACT US TODAY 

WITH YOUR DESIGN REQUIREMENTS! 

(951) 343-4005 or sales@111rfpower.com

This Centurion 250-kW solid-state system powers NASA's 

new Doppler Radar Wind Profiler at Cape Kennedy's launch facility.

DELTA-SIGMA, INC., 6690 DOOLITTLE AVE., RIVERSIDE, CA 92503   | (951) 343-4005

www.111rfpower.com

mailto:sales@111rfpower.com
http://www.111rfpower.com


The new THEIA-H from 

Delta-Sigma, Inc. is our latest

achievement in delivering high power

and superb performance in a small

package. Measuring only 4U high 

including the power supply and

weighing only 57 lb., it delivers 2 kW

CW from 1.5 to 30 MHz with 57% 

AC-to-RF efficiency. The THEIA-H is

extremely rugged and designed for

military communication systems 

including QPSK, GMSK and OFDM,

test systems and HF radar.

The amplifier has the high linearity

required for digital modulation, a 

linearity-controlled loop for less

than 0.5 dB compression at rated

power, a hot-swappable amplifier

module that weighs only 29 lb., and

total weight of 57 lb. Extensive pro-

tection circuits are included and full

control and monitoring are available

Frequency range (MHz) 1.5 to 30

RF output, CW (kW) 1.8, 2 typical

THD, 5 to 90% modulation (%) <5

Gain (dB) 54

AC-to-RF efficiency at rated power (%) 57

Noise floor in transmit-disable mode (dBm/Hz) -173

Harmonic suppression (dBc)
-10 second order
-28 third order
-60 with filter

Spurious rejection (dBc) <-70

Third-order IMD (dBm) +75

Input/output return loss (dB) 22/16

Phase flatness (±2 MHz BW) (deg) <1

Maximum duty cycle (%) 100

Maximum VSWR 2:1, 30:1 with foldback

TX/RX isolation (option)(dB) 60

RX/TX switching time (option)(µs) 5, 2 typical

Prime power (VAC) 85 to 265

Control/Monitoring RS-232 or RS-485, Ethernet

Altitude (ft.) 30,000

Dimensions (in. HWD) 7x19x20. Amplifier 5.25 H , power supply 1.25 H

Weight (lb.) Amplifier (29), total (57)

Protection
Thermal overload, over/under voltage,
temperature, fan

Monitoring
Forward/reflected power, gain, 
temperature, hours of operation, fan
status, filter selection, BIT status, others

New! Compact 2-kW CW PA
The THEIA-H is the industry’s smallest, lightest, 

best-performing 2-kW amplifier covering 1.5 to 30 MHz.

PLEASE CONTACT US FOR ADDITIONAL INFORMATION
(951) 343-4005 |   www.111rfpower.com

meteor scatter, and airborne

platforms to 30,000 ft., as well as

be upgraded to operate up to 45 MHz.

via RS-232, RS-485, or Ethernet. **** Can
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Design Feature

Wireless Bandpass Filters
Build on Metamaterials
These second- and third-order bandpass filters leverage metamaterial resonators for 

low passband insertion loss and high out-of-band rejection for wireless applications 

at 2.4 GHz.

M
icrowave band-

pass filters (BPFs) 

are essential for 

maintaining sepa-

rate channels in wireless communica-

tions systems. As such systems become 

more compact, BPFs must meet more 

demanding requirements for smaller 

size, lower insertion loss, higher out-

of-band rejection (selectivity), and 

lower cost. Several techniques are used 

to design microwave BPFs,1-4 although 

the authors have developed an approach 

that delivers BPFs with extremely low 

passband insertion loss in smaller-than-

conventional sizes. The secret lies in the 

use of metamaterials. 

The cutoff points for the rejection 

bands of a BPF are located by attenua-

tion poles or transmission zeros at finite 

frequencies. This can be done with dif-

ferent design approaches. For example, 

cross-coupling between nonadjacent 

resonators allows for creation of alter-

native signal paths from filter input to 

output ports, so that a complete trans-

mission zero can be introduced at cer-

tain frequencies.4-10 Hence, many filter 

designs incorporate transmission-line 

zeros.11-13

Another important choice in the 

design of a filter regards the physical 

elements, which will impact the filter 

response and size. Open-loop resonators 

have often been used in microwave filter 

design.14-18 The open-loop resonator is 

constructed by adding half-wave-length 

microstrip lines with a certain coupling 

structure to achieve the required filter 

performance. Three types of coupling 

methods are used in these filters: electric 

coupling, magnetic coupling, and mixed 

coupling.19-21

For microstrip open-loop resona-

tor filters, several attempts have been 

made to reduce the resonator size by 

changing its structure, such as by using 

an open-loop folded half-wavelength 

resonator,21,22 modified shapes,19,23 and 

defected ground structures (DGSs).24-28

However, employing DGS requires dou-

ble ground processing, which further 

complicates the filter design. 

Artificial dielectric metamaterial 

(composite) structures have been shown 

to exhibit novel electromagnetic (EM) 

properties. Studies revealed that the 

same EM properties at microwave fre-

quency bands cannot be obtained with 

conventional materials. Metamaterials 

are single-negative (SNG) material (in 

terms of permittivity or permeability) or 

double-negative (DNG) media.29-31

Metamaterials have been realized 

employing either composite-right-left-

handed transmission lines (CRLH) 

or split-ring resonators (SRRs) or as 

complementary split ring resonators 

(CSRRs).29-31 CRLH transmission lines 

(TLs) which are realized by periodically 

loading a conventional TL with series 

capacitors and shunt inductors, are non-

resonant structures. They have been 

suggested for use in to many filters.32-35

SRRs were original ly proposed 

by Pendry et al.36 Depending on the 

employment configuration of SRRs, 

they have been used to represent SNG 

metamaterial. SRRs have been applied 

for microstrip BPFs to achieve the fil-

ter compactness because these resona-

tors can be designed with dimensions 

smaller than the signal wavelength at 

their resonant frequency.37-39 Also, the 

compactness of an SRR-based filter is 

achieved due to the capacitive coupling 

introduced between the inner and outer 

rings.40-42 On top of that, coupled meta-

material SRRs have been used to intro-

duce high-selectivity BPFs.43-46

To better understand the design of 

SRR-based BPFs, the designs of SRR 

BPFs of two different orders will be 

presented, with objectives of achieving 

compact sizes with high out-of-band 

rejection (high selectivity). Commer-
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cial computer-aided-engineering (CAE) 

software was used for the full-wave 

performance simulations of the filters, 

CST Microwave Studio software from 

CST (www.cst.com), with simulations 

validated by measurements of fabricated 

prototype filters. 

SYNTHESIZING A FILTER

It’s possible to synthesize coupled fil-

ters using an optimization technique. 

Although other coupling techniques 

are known, the optimization method is 

also effective. Filter synthesis is based 

on extracting the desired coupling 

coefficient between resonators and the 

external quality factor at the input and 

the output resonator. The transmission 

function S21 (ω´) is given by refs. 8 and 9 

and the following equations:

ǀS
21

(ω´)ǀ2 =   1/[1 + ε2F2

N
(ω´)]    (1)                         

ε = [10R/10 – 1]-1/2                            (2)

F
N
(ω´) = cosh[ΣN

n=1 
cosh-1(x

n
)]     (3)         

xn = (ω´ − 1/ωn´)/(1 − ω´/ωn´)     (4)

where ω´ is the variable angular fre-

quency, R is return loss, and ωn´ is the 

location of the nth transmission zero. 

Fig. 1 illustrates a network of multiple 

coupled-loss resonators. The coupling 

coefficient between resonators i and j 

is denoted by Mij = Mji. The scattering 

parameters of the filter are calculated by 

eqs. 5 through 87,8:

S21 = −2j/(R1R2)0.5[A-1]N1     (5)

S11 = 1 + 2jR1[A-1]11           (6)

[A] = [ω´U – jR + M]         (7)

ω´ = (ω0/Δω)[(ω/ω0) – (ω0/ω)]   (8)

where R1 is the internal resistance 

exiting from resonator 1 and R2 is con-

sidered the load at the output that’s con-

nected with resonator N. Parameter [U] 

is the identity matrix; R is a matrix with 

only nonzero elements of R11 = R1 and 

RNN = R2; and M is a symmetric square 

coupling matrix. Also, ω´ is the normal-

ized angular frequency and ω0 is the 

center angular frequency of the filter. 

The sequence of filter analysis, compari-

son with the desired performance, and 

modification of the design parameters is 

performed iteratively until the optimum 

filter performance is achieved. The 

objective function is based on the opti-

mization technique8 illustrated by Eq. 9: 

K = ΣN
i=1|S11(ω´zi)|2 

+ ΣP
i=1|S21(ω´pi)|2

+[|S11(ω´ = 1)| - ε/(1 + ε2)0.5]2        (9)

where ω´zi  and ω´pi  are the zeros 

and poles, respectively, of the filtering 

function FN, which is assumed to have P 

poles and N zeros. 

SECOND-ORDER BPF

To put Eqs. 5 to 9 to work, a second-

order coupled SRR BPF was designed 

and fabricated according to a target set 

of specifications. These include a cen-

ter frequency of 2.4 GHz, a passband 

150 MHz, resulting in a fractional band-

width (FBW) of BW/f0 = 0.058. The SRR 

BPF will be designed for a minimum 

return loss of 20 dB. The proposed filter 

synthesis for the fundamental mode is 

based on the coupling matrix and exter-

nal quality factor extraction using Eqs. 

5 to 9. A coupling matrix (M) to realize 

the chosen topology was optimized and 

extracted as:

[ [
The external quality factors are q1 = 

q2 = 1.5 and, hence, the actual external 

quality factors at input and output, Qei = 

Qeo, can be established by Eq. 11: 

Q = q/FBW    (11)

The actual (denormalized) coupling 

matrix becomes:

[[
Qei = Qeo – 12.51                                       

(12b)

According to the coupling matrix 

and external quality-factor extraction, 

the physical structure of the coupled 

resonator filter is realized as a second-

order filter using full-wave EM simu-

lation. A prototype filter was fabricat-

ed in a microstrip configuration with 

RO6010 circuit material from Rogers 

Corp (www.rogerscorp.com). The circuit 

material has a dielectric constant (Dk) 

of 10.2 in the z-axis (thickness) at 10 

GHz, dielectric loss tangent of 0.0027, 

and thickness (h) of 1.27 mm. Two 50-Ω 

microstrip transmission lines are added 

at the filter ends. Fig. 2 shows the 2D 

layout of the second-order coupled SRR 

resonator filter. 

The simulated (full wave) and theo-

retical (circuit implementation) trans-

R1

1
e

2 i N+1 N R2

M
12

M
2i M

iN-1
M
N-LN

M
iN

M
li

1. This simple schematic diagram shows a BPF with a number of coupled resonators.
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Bandpass Filters

mission and reflection coefficients of the coupled SRR filter 

are plotted in Fig. 3. It’s obvious that the center frequency of 

the filter equals 2.4 GHz with bandwidth of 150 MHz. Within 

the passband, the filter has transmission coefficient (S21) close 

to −0.5 dB and reflection coefficient of −20 dB. 

As Fig. 3 shows, there’s good agreement between the theo-

retical optimized performance (employing Eqs. 5 and 6) and 

the full-wave simulation. The results are well-matched within 

the BPF passbands (2.1 to 2.7 GHz). However, above 3 GHz, a 

deviation exists between the prototype and simulation results. 

This can be claimed as a limitation of the lumped-element 

components used in the circuit calculations compared to the 

precision of the full-wave simulation. The deviation does not 

impact the results, however, and does not predict the presence 

of transmission zeros in the BPF design. 

Fig. 4 shows a prototype of the BPF, while Fig. 5 shows mea-

sured S-parameters for the BPF. The center frequency is at 2.3 

GHz, with bandwidth from 2.1 to 2.6 GHz. The filter achieves 

return loss of about −10 dB within the passband. Insertion loss 

of less than 0.8 dB is one deviation in the measured results that 

does not exist in the simulated performance. The observed 

frequency shift of about 100 MHz between measured and 

simulated results may be a result of the imperfect full-wave 

simulation and variations in fabrication accuracy, which can-

not be totally avoided.

For the third-order BPF, the specifications include a cen-

ter frequency (f0) of 2.4 GHz, bandwidth (BW) of 300 MHz 

(the FBW is BW/f0 = 

0.125), return loss of 

better than 15 dB, and 

one single transmis-

sion zero at only 50 

MHz after the upper 

cutoff frequency (2.6 

GHz). This transmis-

sion zero increases the 

filter selectivity com-

pared to the previous 

design. 

As explained in ref. 8, this optimization technique can pro-

duce equal transmission zeros according to (N − 2), where 

N is the number of resonators used. Therefore, to have one 

transmission zero, the proposed filter in this stage is designed 

as a third-order coupled resonator. It’s worth noting that the 

position of the transmission zero is explained by the type of 

cross-coupling between the third resonator and the two origi-

nal ones. Also, the specific value of the transmission zero was 

specified in the optimization equation ended by the coupling 

matrix. This approach is explained in detail in ref. 4, with the 

optimization technique described in ref. 8. 

Fig. 6 shows the equivalent circuit of the trisection cross-

coupled filter. The resonator circuit is a LC resonant tank. 

2. This two-dimensional (2D) layout represents a second-order 

coupled SRR filter. 
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3. By applying theory and computer simulations, the insertion and 

return losses can be found for the second-order coupled SRR filter. 

4. The second-order coupled SRR filter 

was fabricated on commercial circuit 

laminate material, with coaxial connec-

tors attached for testing. 
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5. The simulated and measured losses of the second-order coupled 

SRR filter can be compared here. 
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Over 195 models as small as 0.06 x 0.03Over 195 models as small as 0.06 x 0.03"! These tiny, hermetically 

sealed flters utilize our advanced Low Tempesealed flters utilize our advanced Low Temperature Co-fred Ceramic 

(LTCC) technology to offer superior thermal stability,(LTCC) technology to offer superior thermal stability, high reliability, and very (LTCC) technology to offer superior thermal stability, high reliability, and very 

low cost. Supporting a wide range of applications wlow cost. Supporting a wide range of applications with high stop band 

rejection and low pass band insertion loss in tiny packagesrejection and low pass band insertion loss in tiny packages, they’re a perfect rejection and low pass band insertion loss in tiny packages, they’re a perfect 

ft for your system requirements. Visit minicircuits.com forft for your system requirements. Visit minicircuits.com for comprehensive 
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MBD3057-C18 300 400 0.30 500 80 2.5 400 125
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Bandpass Filters

Coupling coefficients M12 and M23 are considered as the cou-

pling between adjacent resonators. Also, the cross-coupling is 

given by M13. Parameters Qei and Qeo are the input and output 

external quality factors, respectively. 

The filter design procedures can be summarized in two 

steps: 

1. By controlling the coupling between resonators and 

the external quality factor, a bandwidth of 300 MHz is 

achieved.

2. The location of the transmission zero is specified at 2.61 

GHz 

Based on the previous optimization technique of extract-

ing the coupling matrix and the external quality factor, 

coupling matrix (M), which is validated for the chosen 

topology, is optimized and extracted using the matrix of 

Eq. 13:

[ [
The external quality factors are q1 = q2 = 1.009. The actual 

(denormalized) coupling matrix becomes:

[ [
The actual external quality factors at input and output are 

Qei = Qeo = 8.072. 

The third-order coupled resonator filter performance is 

confirmed by using a full-wave EM simulation. Fig. 7 shows 

the 2D layout of the third-order coupled SRR BPF. The fil-

ter consists of three 

SRR resonators; two 

are direct-coupled to 

each other and the 

third cross-coupled 

with them. 

M
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6. This is an equivalent circuit of the trisection, cross-coupled third-

order SRR filter. 
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7. The 2D layout repre-

sents the circuit pattern 

for the trisection, cross-

coupled third-order SRR 

filter. 
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Fig. 8 presents a comparison between the full-wave simu-

lated scattering parameter magnitudes of the filter and theory, 

which depends on filter syntheses using the optimization tech-

nique. It’s clear that the filter center frequency is 2.4 GHz and 

the filter bandwidth equals 300 MHz. There’s a single trans-

mission zero at 2.61 GHz, with this transmission zero due to 

cross-coupling between the resonators. Within its passband, 

the filter has insertion loss (S21) close to 0.3 dB and return 

loss of 15 dB. As Fig. 8 shows, good agreement was achieved 

between simulation and theory. 
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8. Theory and computer simulations for the third-order coupled-

resonator SRR filter can be compared here.

9. The photograph shows the third-order SRR filter, fabricated on 

commercial circuit material. 
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Bandpass Filters

Fig. 9 shows a photograph of the fabricated third-order 

BPF, while Fig. 10 provides simulated and measured scat-

tering parameter magnitudes for the filter. The measured 

results illustrate that the center frequency is about 2.4 GHz, 

with almost 15-dB return loss, close to 0.7-dB insertion loss, 

and with transmission zero at 2.61 GHz. This is about 0.3-

dB greater measured insertion loss than the simulated value. 

The table compares results for some recently published filter 

designs. 

These second- and third-order BPFs both have passbands 

around a center frequency of 2.4 GHz. Both are based on 

SRR resonators to achieve compact size (only 3 × 2 cm), 

and the third-order filter provides the added bonus of high 

out-of-band rejection for suppression of signals outside of 

the channel of interest. Whether simulated or measured, the 

filters provide performance levels in close agreement. 
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10. Compared are measured and simulated S-parameters for the 

third-order BPF. 

COMPARING FILTER DESIGNS

Source Center 
frequency 

(GHz)

Bandwidth
(MHz)

Insertion
loss/return loss 

(dB)

Size
(mm2) 

This article 2.4 300 0.7/15 15×13

Ref. 13 2 120 2.6/8 33×35

Ref. 21 10.5 420 0.4/20 7×7

Ref. 22 2 200 1.2/20 48×48

Ref. 23 1 100 0.8/18 18×18

(Continued on page 117)
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When used as a test 

signal, noise and the field 

it produces can be quite 

handy in characterizing 

the quality and moisture 

content of different 

material solids. 

NOISE
Can Tell Much 

About Material

N
oise can hide details, 

but it can also reveal 

them. If properly used, 

noise will tell a great 

deal about a device under test (DUT), 

including when a DUT is raw material. 

For example, the Microwave Noise Field 

(MNF) test method has the capability to 

test different objects that can move, as 

well as objects with granular or irregular 

composition. When properly applied, 

the MNF method can provide precise 

analysis of different types of materials to 

help optimize the use of those materials 

in industrial applications.

The MNF method, also known as 

active radiometry, is a means of using 

noise rather than continuous-wave (CW) 

test signals when measuring the insertion 

loss of different materials.1-3 The DUT or 

material to be tested is placed between a 

noise source and a radiometer antenna. 

The noise field is random with low coher-

ence so that interference effects are negli-

gible close to the radiators. 

In addition, a DUT can move within 

the noise field without invalidating the 

measurements. A DUT being charac-

terized in the noise field of the MNF 

method might even be considered as an 

object surrounded by white light, with 

little or no effects on the object from the 

white light.4

For measurements using the MNF 

method, the power level of the radiat-

ed noise in the noise field is very low, 

with noise measurements typically at 

nanowatt (nW) levels. A microwave 

radiometer is required as a detector to 

determine such low noise levels. The use 

of wideband noise for device or material 

testing has certain advantages over the 

use of measurements performed with 

CW test signals. In contrast to the MNF 

method, measurements performed with 

CW test signals require that a DUT be 

located in the far-field zone of the test 

signals, and that the DUT not move at 

all during testing. 

Low-cost radiometers have been 

designed with the same low-noise block 

downconverters (LNBs) often found 

in satellite television receivers. Such 

LNBs are stable enough for measure-

ment purposes, with good low-noise 

characteristics. In addition, the C- and 

Ku-band frequencies used for satellite 

television reception are internationally 

protected and managed communica-

tions frequency bands, preventing the 

generation of man-made signals (other 

than satellite-television signals) within 

those frequency bands. 

TEST SETUP AND PERFORMANCE

Fig. 1 shows a typical test arrange-

ment for measuring the insertion loss 

of a DUT placed between a noise radia-

tor and a radiometer antenna. Any 

propagation loss due to the short dis-

tance between the noise radiator and 

the antenna must be included in the loss 

measurements. The typical maximum 

amount of loss that can be measured 

with such a setup is 40 to 50 dB. There-

fore, the test setup can be mounted on 

a laboratory bench, and the distance 

between the noise radiometer and the 

antenna is preferably less than 30 cm (1 

ft.) when using Ku-band components.

A typical microwave noise radiator 

Design Feature
ˇ

Bias Noise 
generator

Tn

Radiometer

To
Tx

L

1. The block diagram shows the functions of a basic radiometer to determine the EM loss of 

an object.
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(MNR) with an avalanche-diode noise 

source is characterized by an excess 

noise ratio (ENR) of 30 dB. The ENR 

(Eq. 1, in degrees Kelvin) quantifies the 

noise produced at the output of a DUT 

by its noise temperature (Tx) above the 

ambient temperature (To) of the test 

setup:

Tx = ENR × To       (1)

An ENR of 30 dB means that for a 

typical To of 300 K, the Tx is 300,000 K.   

The noise power, Pn, (in W) can be 

found from Eq. 2: 

Pn = kTxB            (2)

where k is Boltzmann’s constant (1.38 × 

10-23 J/K); B is the noise bandwidth of 

the system (in Hz), and Tx is the noise 

temperature (for this case 3 × 105 K). A 

typical dipole or waveguide-horn noise 

radiator has a noise bandwidth of several 

gigahertz, but radiometers with satellite 

LNBs typically have noise bandwidths of 

1.0 to 1.5 GHz or 109 Hz. Using Eq. 2, it 

is possible to estimate the radiated noise 

power for such a radiometer:

Pn  = kTxB

= 1.38 × 10-23(3 × 105)109

= 4 × 10-9 W or 4 nW

Fig. 2 presents the range of DUT loss 

(in dB) that can be measured with a 

noise radiator with ENRs of 15 and 30 

dB, and a radiometer with various tem-

perature resolutions.

Typical microwave radiometers with 

satellite LNBs consist of the LNB, an 

intermediate-frequency (IF) amplifier, 

and an IF detector (Fig. 3). With an RF 

bandwidth of 1.0 to 1.5 GHz and noise 

figure of 1 to 2 dB, the temperature reso-

lution1 can be found from Eq. 3: 

dT = Tsn/(Bτ)0.5     (3)

where dT is the minimum detectable 

temperature step (in degrees K); Tsn

is the radiometer noise temperature 

(including the antenna noise tempera-

ture if pointed off target);   

B is the predetection bandwidth; and 

τ is the post-detector smoothing time 

constant (in seconds). For the frequen-

cies and values mentioned previously, 

the Tsn is around 350 to 400 K (the radi-

ometer antenna typically sees an ambi-

ent temperature wall if the noise radia-

tor is off); B = 1 GHz; and τ can be set 

to 1 s. 

By plugging values into Eq. 3, it 

becomes

dT = 400/[(10 × e9)(1)]0.5 = 0.12 K

Since simple radiometers are not 

completely temperature stable, a value 

of 0.5 to 1.0 K can be used for the value 

of dT to account for the instabilities. 

To improve system resolution and 

stability, keying is performed with the 

noise radiator output, and the corre-

sponding ac component for a particu-

lar keyed noise input. Fig. 3 shows a 

noise-detection system that makes use 

of noise keying. An audio noise key-

ing frequency, such as 1 kHz, can be 

used as the keying signal. For the MNF 

test setup, a sound level meter was 

connected to the radiometer output, 

to indicate the loss in dB for the noise 

keying signals. 

With the use of keying, the loss mea-

surement range exceeded 40 dB. The test 

system response was also tested with a 

calibrated waveguide attenuator con-

nected between the noise source and the 
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2. The curves demonstrate the measurable loss in a system such as that represented in 

Fig. 1. 
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3. This block diagram represents a system that can measure the loss of a moving object by 

using noise. 
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Noise Test

horn antenna to confirm system “linear-

ity” for levels above 40 dB. 

Fig. 3 shows the schematic diagram 

of a practical noise-field measurement 

system that has been used to measure 

moisture in sand and to detect flaws in 

wooden planks, in plywood, in rubber-

tire sidewalls, as well as to identify wet 

spots in paper and fabrics. Fig. 4 plots a 

comparison of measurements of mois-

ture-based loss in sand, using CW test 

signals and noise field data. 

The plots showing the influence of 

increased moisture on increased loss are 

quite similar. However, using a CW test 

signal at 10 GHz (at a wavelength, λ, of 3 

cm) is not practical, since the sand layer 

must be fixed and cannot move to allow 

the use of a CW test signal. Using a noise 

field for such measurements is greatly 

preferred since the measurement data 

are not impacted by any movement of 

the sample material under test. Fig. 5 

shows a photograph of the experimental 

MNF test setup, with keying circuit for 

the noise radiator, the radiometer, its 

analog indicator, and the logarithmic 

sound-level meter. 

USEFUL APPLICATIONS

The first application of the MNF 

method was described in ref. 2 for the 

measurement of loss due to the moisture 

content of sand. Figure 4 shows a cali-

bration curve for conventional CW test 

signals and for noise-based measure-

ments on sand moisture levels from 0 to 

14% (sand cannot be moister than this). 

The industrial MNF system per-

formed measurements on sand moving 

on a conveyor belt. A sand layer approx-

imately 3 cm thick was maintained with 

a steel ruler on the rubber conveyor belt. 

Some loss, about 4 dB, in the system 

was discounted to account for measure-

ment variations. However, sand move-

ment within the system did not affect 

the measurement of the sand-moisture 

value, providing that some integration 

was performed for smoothing. 

In this measurement system, noise 

keying at 1 kHz was used, with anten-

nas set 15 cm apart. The Ku-band sys-

tem, named Scout-1, has been used in 

several concrete-mixing plants since 

1990 as a means of measuring moisture 

content of moving materials.5 A similar 

system was designed for use at C-band 

frequencies to measure the moisture 

content of wood chips and wooden 

planks in a wood-drying plant and in 

an incinerator.

In 2014, the Czech Technical Uni-

versity, Institute of Materials, sought a 

method to detect flaws in the sidewalls 

of rubber tires for a rubber tire manufac-

turer. The manufacturer used a sidewall-

looking camera to detect sidewall thick-

ening or thinning. Samples with marked 

flaws were tested in the setup shown 
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4. Loss in sand increases as a function of water content, shown for a wavelength of about 

3 cm. 

5. This experimental setup includes a keying circuit for the noise radiator, the radiometer, its 

analog indicator, and the logarithmic sound-level meter.
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Noise Test

in Fig. 5, at Ku-band frequencies, to 

confirm the known flaws as well as to 

identify whether additional, unseen 

flaws were present. The rubber tire 

company then declined to cooperate. 

Apparently, the MNF system detected 

more flaws than the rubber tire man-

ufacturer expected to be found. For 

noise measurements performed on 

the rubber sidewalls, typical loss was 

10 dB on average, with flaws increas-

ing the loss by 3 to 5 dB. 

The test setup shown in Fig. 5 

was also used to measure the mois-

ture content of wood planks with 1 

in. thickness. Cracks and knots in the 

planks were readily indicated with 

the MNF method. Also, fiber orienta-

tion and moisture were detected by 

moving planks or plywood by hand 

between the antennas. The typical 

loss measured for a dry plank was 10 

dB. Flaws and moist spots added 3 to 

5 dB to the loss measurements, while 

knots and cracks in the wood reduced 

the loss measurements by as much 

as 3 dB. 

Other researchers have used the 

MNF method to test granular and 

irregular-shaped materials. In addi-

tion to Ku- and C-band frequen-

cies, they have performed wideband 

sweeps from 1 to 10 GHz as well as 

measurements around 94 GHz.6

Most LNBs are designed to receive 

one polarization. But some can 

receive two orthogonally polarized 

signals by electrically switching signal 

polarization with a voltage of 13 or 

15 V dc. A linearly polarized signal 

can be used to distinguish between 

fibrous materials such as wood or ply-

wood, and a polarization difference 

can indicate flaws and irregularities 

in tested samples. 

In contrast to attempting to detect 

weak signal changes (in polarization) 

in the presence of a strong primary 

test signal when detecting the results 

of Mie forward-scatter during materi-

al measurements, the MNF test setup 

was used to identify changes in polar-

ization during testing (i.e., changes 

in the shapes of the materials being 

measured). The MNF system was 

able to easily identify several round 

objects used to create the Mie forward 

scatter conditions, including metal 

rods and plastic rods and tubes. 

Metal objects exhibited the great-

est on-axis loss, while dielectric 

materials exhibited two symmetrical 

peaks with maximum on-axis loss. 

Most objects measured by the dual-

polarization MNF system caused 

off-axis peaks in the field intensity, as 

expected according to Mie forward-

scattering field theory. 

Since the discovery of the MNF 

method, a number of applications 

have been evaluated for the technique 

much like those described here. Basic 

features have been presented in ref. 

1, although not a great deal of feed-

back resulted in response. The use of 

the MNF method for industrial mate-

rial testing features the benefit of the 

technique’s simplicity and the capa-

bility of moving the material or DUT 

during testing, which is not possible 

when testing with microwave CW 

signals. The test approach can gauge 

loss of more than 40 dB for a material 

of interest while using extremely low-

noise test power levels, leading to the 

possibility of using the MNF method 

for analysis in medicine and biology 

as well as for material research.  
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A technique based on blind source separation can help maritime vessels gain 

meaningful guidance from satellite-based signals—even when they overlap. 

Overcome Message 
Collisions in Satellite 
Automatic ID Systems

O
cean-going ships rely 

on various types of 

signals from space 

satellites for guidance. 

At times, maritime vessels can struggle 

to resolve overlapped Gaussian mini-

mum shift keying (GMSK) signals as 

part of the Space-Based Automatic Iden-

tification System (SB-AIS).

Fortunately, a practical technique 

based on the use of blind source sep-

aration (BSS) can resolve overlapped 

SB-AIS signals. It implements an inde-

pendent component analysis (ICA) 

method to extract component values 

from the mixture of AIS signals received 

by a satellite receiver from different ship 

sources. Tracking component signals 

can be accomplished by estimating mix-

ing components and accumulating a 

set of mixed GMSK signals. In fact, the 

approach is robust enough to receive 

transmitted symbol sequences despite 

different Doppler shifts in the received 

signals. 

Use of the satellite-based AIS is 

required by the International Maritime 

Organization (IMO) for guidance of 

ships of class 300 tons and larger when 

on the high seas. The AIS is designed to 

avoid collisions between ships and used 

for terrestrial applications.1 It employs 

self-organized time-division multiple 

access (SOTDMA) as an access scheme. 

AIS transceivers in each ship continually 

transmit each vessel’s key data, such as 

its identification (ID) code, position, 

course, and speed toward other nearby 

ships.2,3

It also transmits ship details to the AIS 

stations along coast lines using the VHF 

maritime frequency band. AIS tran-

sponders transmit and receive data at 

9.6 kb/s4 using GMSK frequency mod-

ulation (FM) over the two frequency 

channels of 161.975 MHz and 162.025 

MHz of 25-kHz (Class A) bandwidth. 

Each SOTDMA frame has one-minute 

duration that’s divided into 2250 time 

slots. The transmission power (for Class 

A transponders) is 12.5 W.4

MESSAGE…RECEIVED?

Conventional VHF communication 

between a ship and the shore or one ship 

to another ship is constrained by the 

horizon, typically to 40 nautical miles.5

The limitation of terrestrial coverage 

is overcome by the SB-AIS.6 In the SB-

AIS system, low-earth-orbit (LEO) sat-

ellites receive AIS signals from various 

ships located over a wide area on the 

Earth. The allocation of AIS message 

slots is self-coordinated within a lim-

ited area referred to as a cell. During the 

visibility of the satellite to a ship, sev-

eral such organized cells are covered 

simultaneously. AIS messages sent in 

the same time space from various self-

coordinated regions will be received by a 

satellite at the same time, resulting in the 

collision of AIS messages. 

AIS messages sent in adjacent time 

slots from different organized areas may 

also overlap partly because of the dif-

ferent path distances.7 This causes seri-

ous signal interference at the spacecraft. 

Hence, there’s a total reduction in the 

probability of detection of the AIS mes-

sages when the satellite passes over areas 

with high traffic density. 

The main challenge is to overcome the 

interference between messages received 

from various organized areas and to 
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extract individual ship data. Fortunate-

ly, a technique with a signal-separation 

algorithm can be used to separate the 

overlapped GMSK signals. It success-

fully mitigates the slot collision problem 

associated with the received mixed AIS 

signals under maximum Doppler shifts/

time delay due to different path-loss 

conditions.

Signals transmitted from the AIS sys-

tems onboard ships in a satellite anten-

na’s coverage zone are received by the 

satellite receiver onboard a LEO satellite. 

Signals transmitted by ships in different 

areas within the same time slot result 

in the collision of AIS messages.8 The 

signals transmitted within each slot are 

received by the satellite with different 

amplitudes, time delays, and different 

Doppler frequency shifts due to the spa-

tial separation of the ships. Fig. 1 depicts 

the slot collision of AIS messages.

As per statistical observations, the 

probability of receiving more than three 

ship signals in each slot at the satellite 

simultaneously is quite low.2 For this 

reason, three signals are simulated to 

test the effectiveness of the proposed 

signal separation technique. At each 

time instant, the received signal is a 

mixture of AIS messages with a certain 

amplitude ratio. This ratio depends on 

received power level and channel char-

acteristics. Equation 1 gives the received 

mixed signal X at each instant of time 

as a mixture of three ship signals (S1, S2, 

and S3) with different amplitude ratio. 

The amplitude ratios associated with S1, 

S2, and S3 are taken as A1, A2, and A3, 

respectively:

A1S1 + A2S2 + A3S3                (1)

Fig. 2 presents a schematic diagram 

of the proposed advanced SB-AIS archi-

tecture. Three ships are assumed to be 

transmitting in a time slot in the satel-

lite visible zone. The transmitted signals 

are received by three VHF monopole 

antennas mounted onboard a LEO satel-

lite. The three VHF antennas are placed 

with spatial separations equal to frac-

tional wavelengths of the transmitted 

frequencies. The mixtures of the three 

signals are received by three separate 

high-sensitivity VHF receivers onboard 

the LEO satellite, frequency-downcon-

verted, digitized, and multiplexed into 

a single data stream and stored using a 

solid-state recorder (SSR). 

During the satellite visibility period, 

the stored digital data is transmitted 

to ground by quadrature-phase-shift-

keying (QPSK) modulation of an S- or 

X-band carrier. At the ground sta-

tion, the received compound signal is 

demodulated, demultiplexed, and pro-

cessed using the proposed signal sepa-

ration algorithm to extract individual 

ship data.

The AIS transmitter part of the AIS 

transceiver placed onboard the ship 

includes AIS message and SOTDMA 

formatter and Gaussian-minimum-

shift-keying (GMSK) modulation. Its 

256-bit data form a data packet for trans-

mission in each 26.6-ms slot (Fig. 3). 

Table 1 describes the bit size, timing, and 

functionality of each frame of the data 

packet. The carrier is GMSK-modulated 

with the formatted AIS data stream.

GMSK is a modulation technique that 

prefilters the incoming signal using a 

Gaussian pulse-shaping filter and per-

1. This plot presents examples of timing collisions among the communications to satellite for 

three different ships.

2. The block diagram represents a satellite-based AIS. 
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Overlapped SB-AIS Signals

forms MSK modulation.9 The band-

width of the filter is chosen based on BT 

value, which is the product of the pre-

modulation Gaussian filter bandwidth 

(B) and bit period (T).10 Fig. 4 presents 

a block schematic diagram of the GMSK 

modulator.

The AIS channel access scheme 

is based on SOTDMA, in which total 

transmission time for each AIS frame is 

1 min and contains 2250 slots. Each AIS 

slot contains 256 bits of formatted data 

that’s transmitted within 26.6 ms. AIS-

enabled ships continuously synchronize 

themselves with GPS time in order to 

avoid slot collisions. Slot selection of 

each AIS station is randomized within a 

defined interval. The SOTDMA channel 

access scheme is shown in Fig. 5. When 

a station changes its slot location, new 

location and timeout for the same are 

announced beforehand. As a result, new 

slot location, including modified ship 

slot and new slot for ships in radio vis-

ibility, will be received by all vessels in a 

coverage area.

LOTS OF SLOTS

According to IMO, a minimum of 

2000 time slots per minute is the report-

ing capacity of AIS-equipped ships. 

When the slots are shared in the SOT-

DMA broadcast mode, it overloads the 

system by 400-500%. In the case of com-

munication between the ships within a 

range of 8 to 10 nautical miles, through-

put is 100%. When the system gets over-

loaded, the preference is given to nearer 

rather than farther targets. 

The proposed onboard receiver archi-

tecture contains three VHF monopole 

antennas, three receivers—each consist-

ing of a low-noise amplifier (LNA), fre-

quency downconverter, intermediate-

frequency (IF) automatic-gain-control 

(AGC) amplifier—and an analog-to-

digital converter (ADC). The three out-

puts are multiplexed and stored onboard 

the SSR. An S/X-band transmitting unit 

facilitates data transmission during the 

ground-station visibility period. Fig. 6 

gives an overview of an onboard AIS 
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3. This is the structure of an AIS data packet.

TABLE 1: AIS DATA PACKET FUNCTIONALITY

Packet data Length Functionality

Ramp 8 b Switch-on time for AIS transceiver, 1 ms long

Training sequence 24 b Necessary for synchronization

Start flag 8 b In accordance with high-level data link control (HDLC) 
(HDLC) protocol, “7E” in Hex or “01111110” in binary

Data 168 b data for the packet

FCS 16 b In accordance with the HDLC, CRC-16-CCITT used over all 
data bits

End flag 8 b Same as start flag

Buffer 24 b Bit stuffing, distance delays, repeater delay and jitter

Ramp 8 b Switch on time for AIS transceiver, 1 ms long

Training sequence 24 b Necessary for synchronization

Start flag 8 b Start flag in accordance with HDLC protocol, “7E” in Hex or 
“01111110” in binary

Data 168 b Data for the packet 

FCS 16 b In accordance with the HDLC, CRC-16-CCITT  
used over all data bits

End flag 8 b Same as start flag

Buffer 24 b Bit stuffing, distance delays, repeater delay, and jitter

x x
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4. This block diagram represents a GMSK modulator unit. 
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Overlapped SB-AIS Signals

receiver and transmitter architecture. As 

Fig. 7 shows, three monopole antennas 

designed for VHF are mounted on three 

corners of the Earth-visible panel of the 

satellite. Each antenna output is con-

nected to a dedicated receiver.

The signals received by the three 

dedicated receivers are passed through 

individual LNAs, downconverters, and 

bandpass filters (BPFs) to reach a base-

band frequency of 480 kHz. The down-

converted signals are digitized by an 

ADC, which samples the input analog 

signal at a rate of 10 times the baseband 

signal frequency (4800 kHz). The digi-

tized data streams are multiplexed and 

then stored within an SSR.

During the period during which the 

satellite is visible to Earth, the stored or 

real-time data is QPSK-modulated on 

an S- or X-band carrier, depending on 

spectrum availability. The modulated 

carrier is transmitted by an S- or X-band 

antenna. An antenna designed for trans-

mitting an S/X-band QPSK modulated 

carrier is mounted on the Earth-visi-

ble panel of the satellite. The antenna 

is designed with a beamwidth of about 

130 deg. 

The three mixed signals (X1, X2, and 

X3) are received from the three monopole 

antennas. The ratio of each ship transmit-

ted signal S1, S2, and S3 in a mixture Xi (i 

= 1, 2, 3) is based on the channel char-

acteristics and received power level. The 

ratio vectors of each mixed signal dif-

fer from the others based on the antenna 

placements from each other. Mathemati-

cally, the three mixed signals X1, X2, and 

X3 received by the three monopole anten-

nas are expressed by Eqs. 2 through 4:

X1 = A11S1 + A12S2 +A13S3            (2)

X2 = A21S1 + A22S2 + A23S3           (3)

X3 = A31S1 + A32S2 + A33S3           (4)

For this model, three antennas sepa-

rated by fractional wavelengths of the 

frequencies of interest are mounted on 

the satellite. Three receivers will receive 

the mixed signals with their relative 

phase differences. Fig. 8 shows the con-

figuration of the ground station. The 

ground station receives the signals 

transmitted by satellite, demodulates 

Each time slot 
represents 

26.6 ms

The AIS of ship A 
sends the position 

message in one time 
slot. At the same
 time, it reserves 

another time slot for
 the next position

 message

The same 
procedure is 

repeated by all 
other AIS-

equipped ships.

Ship A

Ship C

Ship B

5. Shown is an SOTDMA channel scheme for three ships 

communicating with a satellite.
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6. The components on board an AIS include frequency downconverters, 

filters, and amplifiers of several kinds.

Earth-viewing side

VHF Rx antenna 1

S-band TT&C antennas
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VHF Rx antenna 2

VHF Rx antenna 3

7. Antennas of different frequencies are configured on an AIS 

satellite. 

8. This is a block diagram of the ground station for a self-correcting AIS 

setup.
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them, demultiplexes them, and applies 

the signal separation algorithm to 

separate the signals, which are further 

GMSK-demodulated to discover indi-

vidual ship data.

The received S/X-band signals pass 

through a receiver with an LNA and 

then downconverted to a 480-kHz IF. 

The IF signal is demodulated, Viterbi 

decoded, and demultiplexed to get the 

three signals X1, X2, and X3. The three 

signals are separated using the Fast ICA 

Technique detailed subsequently in this 

article. The recovered ship-transmitted 

signals S1, S2, and S3 are in modulated 

form with a carrier frequency of 480 

kHz. The data is recovered using inde-

pendent GMSK demodulators.

Demodulation of the GMSK signals 

is performed using the digital phase-

locked loop (DPLL) shown in Fig. 9.12 

It consists of a phase detector, propor-

tional-integral loop filter, and voltage-

controlled oscillator (VCO). 

The two inputs to the phase detec-

tor are the input and the output of the 

VCO. The phase detector is a digital 

multiplier that generates an error sig-

nal proportional to the phase error 

between the input signal and the output 

of the VCO. The type 1 loop filter, a 

π-controller, is part of the PLL’s means 

of tracking phase and frequency. The 

π-controller consists of two arms: a 

proportional arm and an integral arm 

as indicated by the transfer function of 

a type 1 loop filter in Eq. 5:12

Fs = Kp + KI/s                (5)

where the proportional arm gain (Kp) 

produces the signal for small values of 

phase error. Parameter β controls the 

proportional gain. 

The integral arm gain (KI) produces 

the response proportional to changes in 

the frequency and maintains the DC bias. 

The α parameter controls the propor-

tional gain. The output frequency of the 

VCO is controlled by the input error volt-

age. The VCO output frequency increas-

es from free-running oscillator frequency 

(under zero input voltage) continuously 

until the output frequency of the VCO is 

equal to the input signal frequency. 

 Fast “Independent Component 

Analysis (ICA)”is a powerful BSS tech-

nique13,14  to separate and recover the 

source signals S1, S2, and S3 from the 

mixed antennas’ signals X1, X2, and X3. 

The modulated signal has a property of 

non-Gaussian distribution and is statis-

tically independent. According to cen-

tral limit theorem, due to the mixing 

of signal vector S by mixing matrix A, 

the mixed signal possesses a Gaussian 

distribution and the signal components 

are correlated. Fast ICA15 is a signal-

processing technique that processes the 

ship signal data in the mixed signal by 

de-correlating the mixed data and maxi-

mizing the non-Gaussianity.

The relationships between mixed sig-

nals X1, X2, and X3 and modulated ship 

signals S1, S2, and S3 in terms of matrices 

can be expressed as in Eq. 6:16

X=A∗S                         (6) 

where:

             X1

 X = [ X2     br

            X3 

A11 A12 A13

A =   [A21 A22 A23    ]    (br

A31 A32 A33

[ [

[ [
and 

             S1

 S  = [ S2       ]         (brackets la

            S3

[ [
Vector X is preprocessed by centering 

and sphering (for de-correlation).17

The Fast ICA process locates the mix-

ing matrix A and performs A – 1 pro-

cessing to recover the ship-signal vector 

Y, expressed mathematically by Eq. 7:  

Y = W*X      (7)

where:

W = (w1, w2, w3)T = A-1

is the unmixing matrix. The objec-

tive function is based on maximizing the 

non-Gaussianity in the mixed signals to 

recover the ship data as given by Eq. 8:15

JG(Yi) = [E{G(Yi)} – E{G(γ)}]2    (8) 

where G is the cubic function given 

by G (u) = u3; Yi is the ith sample of the 

mixed-signal vector; and γ is the ran-

dom Gaussian variable of zero mean and 

unit variance. To obtain the recovered 

signal vector Y, the objective function 

JG(Yi) must be maximized. 

Phase 
detector

+

+

Z
-1

α

Voltage-
controlled 
oscillator

Digital 
filter

Data
Compare 

to 
constant

Modulated 
GMSK signal

β

9. GMSK signals are demodulated by means of this setup.

85GO TO MWRF.COM

http://mwrf.com


Overlapped SB-AIS Signals

Based on the signal projection pursuit direction, to find 

one independent modulated ship signal under the constraint:

║wi║2 = 1 for i = 1, 2, 3

Eq. 8 is rewritten as Eq. 9:15

 JG(wi) = [E{G(wi
TX)} – E{G(γ)}]2   (9)

According to the Kuhn-Tucker condition, the local maxima 

of the function JG(wi) under the norm constraint are at places 

where Eq. 10 is satisfied: 

E{Xg(wi
TX)} – βwi = 0       (10)         

where g = G´; β = E{w0
TXg(w0

TX)}; and w0 is the value of w 

at optimum. 

Considering Eq. 10 as a function of (wi) given in Eq. 11:15

f(wi) = E{Xg(wi
TX)} – βwi    (11)

After solving Eqs. 10 and 11 via the Newton Raphson meth-

od, an iterative equation given by Eq. 12 yields:

wi(n + 1) = wi(n) – f(wi)f´(wi)    (12)

The Jacobian matrix f´(wi) can be obtained as in Eq. 13: 

f´(wi) = E{XXTg´(wi
TX)} – βI           (13)

As a result, the weighting update is given by Eq. 14:15

wi(n + 1) = wi(n) – [E{Xg(wi
TX)} – βwi]/[E{XXTg´(wi

TX)}  

– βI]       (14)

For a fixed convergence of Newton’s method, converging 

factor � is added to the equation, resulting in Eq. 15:15

wi(n + 1) = wi(n) – μ[E{Xg(wi
TX)} – βwi]/[E{XXTg´(wi

TX)} 

– βI]       (15)

where μ is a step-size parameter that changes dynamically 

with the iteration count. The value of μ ranges from 0.001 to 

1.15

Considering flexible convergence and solving Eq. 15 by pre-

multiplying it with [β – E{g´(wi
TX)] yields Eq. 16:

wi(n + 1) = E{Xg(wi
TX)} – E{g´(wi

TX)}wi         (16)
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To estimate all of the independent ship data signals, Eq. 1615

is iterated for all values of i = 1, 2, 3. 

Once all independent weighting vectors wi are estimated, 

to prevent different weights converging to the same estimated 

ship signal, decorrelation of the weighting vector w1, w2,  and 

w3 after every iteration is carried out. A symmetric decor-

relation technique is carried out for this purpose. A two-step 

algorithm for the symmetric method is:

Step 1: Normalization of the updated weight as in Eq. 17:

Wnorm (n + 1) = W(n + 1)/[║W(n + 1)WT(n + 1)║]0.5

(17)

Step 2: Repeat Eq. 18 until reaching convergence: 

W+ = (3/2)Wnorm – (1/2)WnormWnorm
TWnorm    (18)  

The updated weighting vector (W+) is the unmixing matrix 

obtained through the Fast ICA procedure. The matrix is used 

in Eq. 7 to obtain the estimated signal vector Y transmitted by 

a ship. 

IMPLEMENTING THE ALGORITHM

The flowchart in Fig 10 explains the steps involved in imple-

menting the Fast ICA algorithm as MATLAB m-code.

Step1: Obtain the mixed signals X1, X2, and X3 from the 

receiver unit. 

Centering 
(removing the mean of X)

Whitening 
(decorrelating the mixed 

signal vector X)

Compute the 
recovered ship 

modulated signal

Adding the mean 
back to the 

modulated signal

Stop

Is i <= 3

No

No

Yes

Yes

Calculate the stopping 
criterion 

CV = (1 – min[abs(WW´)))

Calculate the weight 
update for each

 component 
Wi (cost function)

Decorrelate 
the weight matrix W 

(symmetric 
orthonormalization)

Create a vector X with 
the row values as X1, X2, 

and X3 

Get the mixed-signal values 
X1, X2, X3

10. This flowchart rep-

resents the functional 

operation of the Fast ICA 

system. 

(Continued on page 137)
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O
ven-controlled crystal 

oscillators (OCXOs) 

and  te mp e r atu re -

compensated crys-

tal oscillators (TCXOs) are often con-

fused—and for good reason. From a 

layman’s perspective, both “oven-con-

trolled” and “temperature-compensat-

ed” imply the use of heat or temperature 

to help control the frequency output of a 

crystal oscillator.

While this may be true, quite a few 

characteristic differences exist between 

OCXOs and TCXOs. In this article, we’ll 

discuss OCXOs and TCXOs and what 

makes them different from each other. 

We’ll also get into the common applica-

tion uses for each type.

OVEN-CONTROLLED CRYSTAL 

OSCILLATORS (OCXOS)

OCXOs are used in applications that 

require a very high degree of frequen-

cy stability. Sometimes these oscilla-

tors may even be referred to as tem-

perature-stabilized crystal oscillators, 

or simply crystal ovens. Just don’t get 

excited about cooking any pizzas in this 

type of oven.

While crystal oscillators show a high 

degree of stability even when the outside 

temperature is varied over a significant 

range, some applications require even 

higher levels of temperature stability. In 

these applications, OCXOs may provide 

the required solution.

THE POWER TO CONTROL 

TEMPERATURE

It’s stil l  sometimes necessary to 

ensure an even better degree of stabil-

ity. This can be achieved by placing 

the crystal in a thermally insulated 

container with a thermostatically con-

trolled heater. 

By heating the crystal to a tempera-

ture above that which would normally 

be encountered within the electronic 

equipment, the crystal’s temperature can 

be maintained at a constant tempera-

ture. This results in a far greater degree 

of temperature stability. Additionally, 

the crystal in the OCXO will be cut to 

ensure that its temperature stability is 

optimized for the internal operating 

temperature (see figure).

The internal temperature for a crys-

tal oven is commonly run at about 

75°C. It needs to be above the highest 

temperature likely to be encountered, 

or else the temperature control will not 

work.

ROB RUTKOWSKI | Digital Marketing Specialist, Bliley Technologies  
www.bliley.com

WhatÕs the Difference?

Quartz crystals such as these are cut to 

ensure that temperature stability is opti-

mized for the OCXO’s internal operating tem-

perature.

What’s the Difference Between

OCXOs and
TCXOs?
Oven-controlled and temperature-compensated crystal 

oscillators seem to be similar heat-related devices, but 

they have distinct characteristics and applications.
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The typical specification for an 

OCXO might be ±5 × 10−8 per degree 

Celsius (0.05 ppm). A non-oven-con-

trolled oscillator, on the other hand, may 

be between 10 and 100 times poorer.

To ensure that the optimum overall 

accuracy is maintained, combating ele-

ments such as aging of the crystal itself 

may be required as well as a periodic 

calibration of the OCXO. Typical cal-

ibration periods may be on the order 

of six months to a year, but the actual 

period will depend on the OCXO itself 

and the requirements of the application 

in which it is being used.

MORE PHYSICAL ABILITIES OF AN 

OCXO

OCXOs are physically much larger 

than a simple crystal oscillator. This is 

because they:

• Incorporate the crystal oscillator 

itself

• Contain a heater

• Contain control circuitry

• House thermal insulation around 

the crystal oscillator

Typically, the heater will run from a 

different supply to the oscillator. The 

supply for the OCXO’s heater may be 

quite current-hungry. Some units may 

require an amp or so upon warm-up. 

This figure will reduce as the tempera-

ture inside the OCXO rises and less heat 

is needed. As you might imagine, the 

temperature is thermostatically con-

trolled.

TEMPERATURE-COMPENSATED 

CRYSTAL OSCILLATORS (TCXOS)

A standard TCXO has quite a few per-

formance qualities and can even com-

pletely solve the two major problems 

with quartz crystals. Here are some of 

the most common performance charac-

teristics of TCXOs:

TCXO PPM performance:  The 

TCXO temperature performance is bet-

ter than that of a normal crystal oscilla-

tor. Figures of between 10 and 40 times 

improvement can often be seen. Fig-

ures of better than ±1.5 ppm over a 0 to 

70°C temperature range are difficult to 

achieve, though. That’s because they fall 

into a high-precision category, where 

costs increase significantly.

Power dissipation: The power dissi-

pation of a TCXO will be greater than an 

ordinary oscillator due to the additional 

circuitry required. In addition, the cost 

is greater. One should also remember 

that it takes a short while after startup 

for the oscillator to stabilize (and hope-

fully stay stabilized). This may be on 

the order of 100 ms, or possibly longer, 

depending on the design.

TCXO package: TCXOs come in 

a variety of packages, depending on 

the way they have been designed and 

the requirements of the end user. The 

most common form of construction is 

to build the circuit on a small printed 

circuit board (PCB) that can be housed 

in a plated metal package. This then 

becomes suitable for mounting onto the 

main circuit board of the overall equip-

ment. Since the crystal itself is sealed, 

this means that sealing of the overall 

TCXO package is not critical, or even 

required for most applications.

Note: Package sizes such as 5 × 3.2 

× 1.5 mm or 5 × 3.5 × 1 mm are widely 

used for TCXOs; smaller packages are 

available if required.

Output format and level: With many 

TCXOs being used to drive digital cir-

cuits, most of the small oscillator pack-

ages produce what is termed a clipped 

sine wave. This is suitable for driving a 

logic circuit, although in many cases it’s 

wise to put it through a logic buffer to 

ensure it’s sufficiently square. Often the 

output is an open collector circuit. If a 

sine wave output is required, this must 

be chosen at the outset; it will limit the 

choice available.

Power requirements: Actual power 

requirements will be predicated on the 

device. Many operate from supplies 

of 3 V and may draw as little as 2 mA, 

although this will depend on the general 

type, the manufacturer, and the particu-

lar device chosen.

4 COMMON TYPES OF TCXOS

Although TCXOs are normal ly 

referred to in this manner, occasion-

ally more detailed descriptions are used. 

Consequently, a variety of techniques 

can be used to provide the temperature 

compensation.

ADTCXO: This is an analog digi-

tal TCXO, widely used in cell phones. 

ADTCXOs leverage analog technology 

to provide temperature correction to 

the oscillator. It has the advantage that 

changes take place slowly and no phase 

jumps are experienced, as is the case 

with some all-digital types.

DTCXO: As you probably surmised, 

this is a digital TCXO. A DTCXO begins 

with a temperature sensor. Logic and 

mathematical functions use digital cir-

cuitry along with a lookup table. The 

resulting digital correction figure is 

converted to an analog signal using a 

digital-to-analog converter (DAC).

DCXO: This is a form of oscillator 

where any correction is calculated by the 

host processor within the equipment. 

In this way, the TCXO is not a separate 

entity, but the processing is incorpo-

rated within that of the overall equip-

ment. This can help save costs in some 

instances.

MCXO: This form of TCXO uses a 

microprocessor to provide a consider-

ably increased level of processing to 

deliver more accurate compensation 

under a variety of circumstances. While 

performance is a little better, costs are 

above those of the other forms.

TCXOs are widely used where accu-

rate frequency sources are needed. They 

are less expensive and smaller than 

OCXOs. As such, they offer an ideal 

solution for many portable units requir-

ing a reasonably accurate source.  

89GO TO MWRF.COM

http://mwrf.com


0.5 - 15 GHz

578 Rev Orig_Pwww.minicircuits.com   (718) 934-4500   sales@minicircuits.com

Learn more at:

https://goo.gl/UhhJ4F

Noise Figure as low as 1.5 dB

50Ω Matched over >1 Decade Bandwidths

Low Noise  
AMPLIFIERS

Visit us at the IMS Show Booth #203

http://www.minicircuits.com
mailto:sales@minicircuits.com
https://goo.gl/UhhJ4F


GO TO MWRF.COM 91

R
ADAR SYSTEMS are invaluable 

tools/weapons for every modern 

military force, whether on the 

ground or in the air. Given the complexity 

of modern radar, though, they are not easy 

to test or maintain. 

However, a leading high-frequency 

test-and-measurement instrument maker, 

Rohde & Schwarz, has compiled various 

ways to evaluate radars, using commercial-

off-the-shelf (COTS) test equipment that 

might already be sitting in a laboratory for 

high-frequency component testing. The 

company has collected its radar target 

generation guidance in a new, 41-page 

application note, “Real-time Radar Target 

Generation,” available for free download 

from the company’s website (www.rohde-

schwarz.com). 

Standard RF/microwave test equipment 

can be used to perform elaborator mea-

surements on many different radar sys-

tems. Rather than building one-of-a-kind 

test systems with fiber-optic delay lines 

and digital RF memories (DRFMs) to 

simulate delays in reflections from radar 

targets, the application note shows how to 

use “standard” test equipment to generate 

multiple radar target echoes for testing 

radar systems to 40 GHz. The approach 

combines two of the company’s workhorse 

microwave test instruments—the R&S 

FSW signal and spectrum analyzer and 

the R&S SMW vector signal generator—

to accomplish the RTG and radar system 

testing. 

The application note provides perfor-

mance information on the different COTS 

test equipment used for the radar test-

ing, along with a bibliography that con-

tains additional information sources for 

the types of tests used to evaluate military 

and automotive radar systems as well as 

frequency-agile radar systems. In addi-

tion, the application note provides example 

instrument settings for performing dif-

ferent radar tests, including coexistence 

testing of airport radars with Long Term 

Evolution (LTE) wireless communications 

networks.  

Two-Channel 
Radio Links 
Battlefield Users

T
HE LATEST two-way 

portable radio from Harris 

Corp., the AN/PRC-163 

Army Radio, is designed as 

much for the battlefield as for 

the modern world. The rug-

ged and lightweight radio (see 

figure) employs a software-

defined-radio (SDR) archi-

tecture for ease of use and to 

allow interoperation with other 

radio designs, such as satellite-

communications (satcom) sys-

tems and even Android civilian 

smartphones.

The AN/PRC-163 can transmit 

and receive information through 

combinations of mobile ad-hoc 

networks, satcom systems, and 

VHF/UHF line-of-sight (LoS) 

communications methods. The 

radio is based on U.S. Special 

Operations Command 

(SOCOM) require-

ments with size, 

weight, and power 

(SWaP) optimized 

to benefit multiple 

Relay Handles Harsh  
Inductive Loads  p|95

Aethercomm Earns  
Quality Management  
Certifcation p|96

BACN Technology Becomes 
USAF Program of Record  
p|94

A Special Section to INFORMA’S DESIGN ENGINEERING & SOURCING GROUP MAY 2018

COTS Test Gear Tunes Radar Systems

JACK BROWNE | Technical Contributor

(Continued on page 94)

A detailed application note explains how to generate the many different and simultaneous target 

signals needed to exercise modern radar systems.  (Courtesy of Rohde & Schwarz)

The latest portable 

tactical radio from 

Harris Corp., the AN/

PRC-163, is designed 

to connect to vari-

ous communications 

technologies and 

systems. (Courtesy of 

Harris Corp.)

http://www.rohdeschwarz.com
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EDITORIAL

T
HE GAP BETWEEN what’s commercial 

and what’s military electronics is no 

longer so wide. At one time, radar 

simply meant military. Radar, an acro-

nym for radio-based detection and rang-

ing, was developed during the 1930s and 

put to work during World War II, and has 

been part of the battlefield in many shapes, 

ways, and forms ever since. But radar can 

do much more than detect enemy targets. 

It has been part of weather forecasting 

since the late 1980s, and will soon be con-

sidered standard equipment in advanced 

driver-assistance systems (ADAS) as part 

of vehicular electronic safety systems.

But perhaps the area of electronic 

equipment where the gap between com-

mercial and military performance is nar-

rowest is in communications. Certainly, 

5G wireless phones will be designed and 

built to be disposable, as consumer elec-

tronic products that are perhaps replaced 

once a year. They will be no match for the 

ruggedness of tactical radios used on the 

battlefield. But in terms of performance, it 

may be hard to tell the difference between 

the best military radio and a 5G phone. 

President Trump has already explained 

the importance of the U.S. being a world 

leader in the development of 5G wireless 

communications networks and equip-

ment. 5G phones will have all of the capa-

bilities of military radios, with voice, vid-

eo, and data communications, and they 

will be capable of reaching satellites for 

connections when needed. But they will 

also use mmWave frequencies when data 

rates of 1 Gb/s or more are needed, rates 

which even now would be considered 

impressive for most computers. 

5G phones and networks may come to 

represent the ultimate in what mixed-sig-

nal electronics technology can do for mod-

ern communications—surpassing what 

even the best military radios can accom-

plish for a fraction of the cost. But, the mil-

itary may also come to use those same 5G 

phones, or at least the networks, and Presi-

dent Trump has stressed the importance of 

securing those 5G networks. Commercial 

and military electronic systems designers 

have learned a great deal from each other 

over the years, and 5G technology may be 

where they finally come to meet!  
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mission needs (for example, less weight 

for a soldier to carry into battle). The 

radio includes a module expansion slot 

to add capabilities as needed for future 

requirements.  

“The AN/PRC-163 Army Radio’s 

future-proof design and software-

defined architecture provides superior 

capabilities today and enables fast field 

upgrades for emerging capabilities,” says 

Chris Young, president, Harris Commu-

nication Systems. “That upgradeability, 

coupled with ease of use and interop-

erability, makes it a clear choice for the 

Army’s network modernization.” 

(Continued from page 91)Two-Channel Radio Links Battlefield Users

BACN Technology Becomes USAF 
Program of Record

T
HE IMPORTANCE OF 

Battlefield Airborne Com-

munications Node (BACN) 

systems for maintaining tac-

tical communications in RF-challenging 

environments, such as mountainous 

regions, was not lost on the U.S. Air 

Force and its managers at the Wright 

Patterson Air Force Base. The BACN 

system technology has been transi-

tioned from its status as Joint Urgent 

Operational Need to a more permanent 

status of Program of Record (POR). The 

system technology has actually proved 

its value to pilots and warfighters for 

more than a decade, and the change in 

status marks a more effective and per-

manent approach to the technology for a 

greater number of users.

This change of status allows BACN 

to be used in more than just its initial 

Central Command applications. With 

the POR status, the technology will 

be available during training and to a 

greater number of warriors as an effec-

tive communications tools in moun-

tainous regions. Requests for BACN-

equipped aircraft have grown steadily 

since the development of BACN tech-

nology in 2008. 

“We’ve been constantly analyzing the 

size of the fleets, and building the best 

schedules to maximize coverage since 

day one,” says Lt. Col. Tim Helfrich, 

BACN’s materiel leader. “We have a 

small team that weighs aircraft down-

time and operational needs against cov-

erage requests. Every BACN-equipped 

aircraft is always in theater.” n

The U.S. Air Force has upgraded the status of BACN communications technology to POR for greater availability to its troops. 
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Relay Handles Harsh Inductive Loads

NEWS SHORTS

P
OWER SWITCHING for 

aerospace, defense, and 

marine applications can 

take its toll when connect-

ed to high-power motors. Fortunately, 

the latest relay from TE Connectivity, its 

CII FC-335 series relay, is designed for 

harsh inductive power-switching appli-

cations, including the loads in lamps 

and motors. With a 35-A/28-V dc resis-

tive load rating, the mid-range relay 

handles much higher capacity loads 

than most comparable mid-range relays 

on the market. 

 “What sets this relay apart from oth-

er similar devices on the market is its 

35-A resistive rating for both 28-V dc 

and 115-V ac loads. Until TE released 

this product, the highest current rating 

available in this configuration was 25 

A,” says Randy Biddix, product man-

ager for CII relays at TE Connectivity. 

“This gives customers additional cur-

rent switching headroom in their appli-

cations.” 

The CII FC-335 series relays are built 

in accordance with MIL-PRF-6106 

standards to  meet  or  exceed the 

requirements of switching applications 

in power distribution, fuel pumps, 

guidance and navigation systems, 

weapons systems, and ground sup-

port equipment. The relays feature an 

all-welded construction for increased 

durability compared to solder-sealed 

relays. They are constructed with 

double-make contacts to share a load 

across two sets of contacts for increased 

reliability. The relays are available in 

solder-hook or terminal-block config-

urations, as well as 28-V dc and 115-V 

ac coils configurations. n

This mid-range relay has been designed for 

rigorous power-switching applications in 

aerospace, defense, and marine systems.

Visit us at the IMS Show Booth #1213

Whenever legacy systems are upgraded, whether to
address new threats or to benefit from improved technology,
you can count on CTT’s years of
experience in microwave
amplification and subsystem
integration.

CTT offers not only form,
fit, function of microwave
amplifier replacements for many
mature systems, but also incorporates leading-
edge technology components such as GaN.

CTT is well positioned to offer engineering
and production technology solutions – including high-rel
manufacturing – to infuse new technology into legacy
systems for improved reliability and life cycle costs.

• Multi-Band Communications
• Simulators
• Line Test Equipment
• EW: ECM, ECCM & ESM
• Jammers: Radar & IEDs
• Radar Systems
More than thirty 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 • www.cttinc.com • E-mail: sales@cttinc.com

Infusing new technology
into legacy systems.

Infusing new technology
into legacy systems.

Microwave Technology Leadership
v Power Amplifiers

• NEW GaN and GaAs Models
• Radar Bands up to 1kW
• EW Bands up to 400W
• Pulse and CW
• Solid-State Microwave Power Modules
• Rack-Mount Configurations

v Low-Noise Amplifiers
v Up and Downconverters
v SWaP Optimization
v Custom Engineered Options

USA-based thin-film microwave
production facility IS9100C

ISO 9001:2008

http://www.cttinc.com
mailto:sales@cttinc.com
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Learn more now at equiptoelec.com or call us.
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Equipto Electronics is a premier provider  

of metal packaging solutions for Mil/Aero,  

transportation, communications and  

industrial electronics. Our extensive  

product lines allow us to quickly customize  

standard products to meet your needs or  

we can provide full-custom enclosures.  

Quantities small or large are not a problem.  

We are ISO 9001:2015 certified and 8(a)  

qualified by the Small Business Administration. 

Server Racks    Modular    ISO 9001:2008    EMI/RFI    FCC   Military (MIL-STD-167, MIL-STD-461, 

MIL-STD-810 & MIL-STD-901) Tempest (NSA 94-106)    EMP and European EMC requirements    

    Seismic   Heavy Duty   Server Racks    Modular    ISO 9001:2008   EMI/RFI    FCC   Military 

(MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901) Tempest (NSA 94-106)    EMP and Eu

ropean EMC requirements    RoHS    Seismic   Heavy Duty   Server Racks    Modular   ISO 9001:2008   

EMI/RFI    FCC   Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901) Tempest (NSA 

    EMP and European EMC requirements    RoHS    Seismic   Heavy Duty   Server Racks    

    ISO 9001:2008   EMI/RFI    FCC   Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & 

MIL-STD-901) Tempest (NSA 94-106)    EMP and European EMC requirements    RoHS    Seismic   

wE  
SPEAk  

ENCLOSuRES.

Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     

    ISO 9001:2008   EMI/RFI      Modular    ISO 9001:2008   EMI/RFI      Modular    ISO 9001:2008   EMI/RFI      Modular    ISO 9001:2008   EMI/RFI          ISO 9001:2008   EMI/RFI          ISO 9001:2008   EMI/RFI      Modular   Server Racks        ISO 9001:2008   EMI/RFI         Server Racks        ISO 9001:2008   EMI/RFI         Server Racks        ISO 9001:2008   EMI/RFI         Server Racks        ISO 9001:2008   EMI/RFI         Server Racks        ISO 9001:2008   EMI/RFI      Modular   Server Racks        ISO 9001:2008   EMI/RFI          ISO 9001:2008   EMI/RFI      ModularModularModularModularModular

Tempest (NSA 94-106)  EMP and European EMC 

   Server Racks        ISO 9001:2008   EMI/RFI      

Military (MIL-STD-167, MIL-STD-461, MIL-STD-810 & MIL-STD-901)     

Equipto Electronics is a premier provider 

of metal packaging solutions for Mil/Aero, 
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Quantities small or large are not a problem. 

We are ISO 9001:2015 certified and 8(a) 
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Aethercomm Earns Quality Management Certification

A
ETHERCOMM HAS suc-

cessfully achieved certifica-

tion to the new AS9100 Rev 

D Quality Management System stan-

dard. The certification is provided 

by DNV GL, a leading certification 

organization. The AS9100 Aerospace 

standard is one of the better-known 

quality standards within the industry 

serving the U.S. Department of Defense 

(DoD). By acquiring this certification, 

Aethercomm has demonstrated the 

company’s long-term commitment to 

quality and excellence. 

 Aethercomm is a designer and 

builder of RF/microwave power ampli-

fiers and subsystems for use in radar, 

electronic-warfare (EW), communica-

tions, and test systems for commercial 

and military users. The company has 

shipped more than 300,000 RF/micro-

wave amplifiers over the past 19 years, 

many for use in harsh environments. 

The model SSPA 0.020-6.000-70 is 

an example of a recent product devel-

opment, a solid-state power ampli-

fier (SSPA) based on GaN technology 

capable of 70 W saturated output power 

from 20 MHz to 6 GHz. The compact 

unit measures 5.0 × 5.0 × 2.0 in. and is 

suitable for both commercial and mili-

tary systems. n

Glass-Fabric Tape 
Provides Extreme 
Masking Protection

D
W 500 from 

DeWAL (a 

Rogers Corp. 

company) is a silicon 

rubber-impregnated 

glass fabric tape that 

has been designed 

to provide masking 

protection during 

the plasma and flame 

spraying of aircraft 

engine components 

and turbo charger 

wear components. 

It uses a glass cloth 

backing for excellent 

thermal resistance 

along with a high-tem-

perature silicone adhesive. The mask-

ing tape is designed to withstand grit 

blast and plasma spray while protect-

ing engine parts from overspray and 

splash. n

DW 500 is a silicon 

rubber-impregnated 

glass fabric tape that 

provides masking 

protection during the 

plasma and flame 

spraying of aircraft 

engine components. 

mailto:sales@equiptoelec.com
http://www.equiptoelec.com
http://equiptoelec.com
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RoHS compliant

Save PC board space with our new tiny 2W fixed value 
absorptive attenuators, available in molded plastic or high-rel 
hermetic nitrogen-flled ceramic packages. They are perfect 
building blocks, reducing effects of mismatches, harmonics, and 
intermodulation, improving isolation, and meeting other circuit 
level requirements. These units will deliver the precise attenuation 
you need, and are stocked in 1-dB steps from 0 to 10 dB, and 
12, 15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver 
reliable, repeatable performance from DC-20GHz under 
the harshest conditions. With prices starting at only 

$4.95 ea. (qty. 20 ), these units are qual i f ied to meet MIL 
requirements including vibrat ion, PIND, thermal shock, 
gross and f ine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high 
thermal conductivity case and has excellent electrical performance 
over the frequency range of DC to 18 GHz, for prices starting at 
$2.99 ea. (qty. 20). 

For more details, just go to minicircuits.com – place your   
order today, and you can have these products in your hands derorder today, and you can have these products in your hands today, and you can have these products in your hands

as soon as tomorrow!

Mini-Circuits
¨

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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“FREE High Accuracy RF Simulation Models!”
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T
O SAY that data is an important 

part of modern life may be a bit 

of an understatement. In an ever-

more digital world, data is everywhere. 

During the past two years, more data was 

created than during the history of the 

planet leading to that two-year period. 

And by as soon as 2020, approximately 

1.7 MB of new information (data) will 

be created per second for every living 

person on the planet.   

On its own, data is largely meaning-

less. It can be considered digital noise, 

a series of 1’s and 0’s. Value comes from 

specific, targeted, and critical data that 

can be placed in the hands of those who 

need it the most at precisely the right 

moment, allowing them to extract and 

use the data for meaningful results. All 

of this raises a larger issue of security, 

particularly in terms of military- and 

defense-based environments.

Civilians are certainly aware of some 

of the dangers they face in terms of data 

security, with consequences such as 

fraud and identity theft looming should 

their personal data fall into the wrong 

hands. Even greater dangers await for 

cases of insufficient data security on the 

battlefield. Lives are at stake when data is 

being transmitted from an aircraft trav-

eling in excess of 1000 mph to command 

crews on the ground. For something 

as essential as national security, noth-

ing can be left to chance in terms of the 

reliability and security of critical data. 

These are the types of concerns that 

Tactical Targeting Network Technology 

(TTNT) were designed to address. 

WHAT EXACTLY IS TTNT?

TTNT is a very specific type of wave-

form technology intended to meet a 

pressing need for high-throughput, 

anti-jam, low-latency, and quick-net-

work-join waveforms for Internet Pro-

tocol (IP) connectivity as it relates to 

the Global Information Grid. Essen-

tially, it’s a way to deliver the fastest and 

most secure ad hoc mesh network for 

instantly and accurately sharing voice, 

video, and data between two points, 

especially for fast-moving users. The 

architecture of the technology is based 

largely on the Joint Airborne Network-

Tactical Edge (JAN-TE) capabilities 

document, which itself was based on 

the Time Sensitive Target Networking 

Technology requirements of the Tacti-

cal Data Link Transformation Capabil-

ity Document. 

This type of technology offers a wide 

range of benefits, particularly in terms 

of defense and government applications. 

Not only does it provide a low-latency, 

ad hoc, IP-based network functionality, 

but it can successfully do so for more 

than 200 users at any given time. The 

connection itself is also “self-forming” 

and “self-healing.” That means commu-

nicating platforms/users can automati-

cally join and leave the network without 

any type of advanced planning, which 

can be a hurdle for the use of other types 

of networking options. Such network 

access is very beneficial for situations 

where multiple aircraft might be in com-

munication with each other, as well as 

with crews on the ground.

TTNT is designed for secure, high-

speed communications by users mov-

ing at high speeds. It enables instant 

and secure sharing of voice, video, and 

data between radios at relative speeds 

to Mach 8, or about 6138 mph. This 

capability is beneficial when two high-

speed aircraft must be in secure com-

munications with each other, even when 

they are moving in different directions. 

Beyond the speed of the users, the vol-

ume of data for TTNT is significant, 

with a specification of 10 Mb/s at a dis-

tance of 300 nautical miles. 

TTNT has been developed to pro-

tect data in a number of ways, includ-

ing increasing the chances that the data 

will be seen by means of prioritization. 

Using an advanced statistical priority-

based multiple-access (SPMA) protocol, 

TTNT sends critical data first; lower-

priority data is not transmitted in a com-

munication until absolutely needed. 

Additional benefits of TTNT include 

a strong “anti-jam” feature that’s particu-

larly useful in a contested environment. 

The technology employs a multiple-hop 

relay and automatic routing techniques 

to extend the reach of a secure commu-

nications system beyond line of sight, 

along with the fact that the platform 

itself allows for the simultaneous trans-

mission and reception of as many as four 

different data streams at one time.

These capabilities of TTNT make it 

an essential part of modern defense and 

military landscapes, in no small part 

because of the way it satisfies the U.S. 

Department of Defense’s (DoD) Air-

Tapping into Tactical 
Targeting Network Technology

PRODUCT FEATURE

MARK STANLEY | Product Manager, Epec Engineered Technologies, 174 Duchaine Blvd., New Bedford, MA 02745;  

(888) 995-5171, (508) 995-5171, www.epectec.com

This wideband, high-speed, and secure networking technology has been developed for users 

moving at high speeds to enlist Internet Protocol communications for military engagements. 
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Mini-Circuits’ AVM-273HPK+ wideband microwave MMIC Mini-Circuits’ AVM-273HPK+ wideband microwave MMIC 
amplifer supports applications from 13 to 26.5 GHz with up amplifer supports applications from 13 to 26.5 GHz with up 
to 0.5W output power, 13 dB gain, ±1 dB gain fatness and to 0.5W output power, 13 dB gain, ±1 dB gain fatness and 
58 dB reverse isolation.  The amplifer comes supplied with a 58 dB reverse isolation.  The amplifer comes supplied with a 
voltage sequencing and DC control module providing reverse voltage sequencing and DC control module providing reverse 
voltage protection in one tiny package to simplify your circuit voltage protection in one tiny package to simplify your circuit 
design.  This model is an ideal buffer amplifer for P2P radios, design.  This model is an ideal buffer amplifer for P2P radios, design.  This model is an ideal buffer amplifer for P2P radios, 
military EW and radar, DBS, VSAT and more!military EW and radar, DBS, VSAT and more!

The AVA-183A+ delivers 14 dB gain with excellent gain The AVA-183A+ delivers 14 dB gain with excellent gain 
fatness (±1.0 dB) from 5 to 18 GHz, 38 dB isolation, and fatness (±1.0 dB) from 5 to 18 GHz, 38 dB isolation, and 
19 dBm power handling. It is unconditionally stable and 19 dBm power handling. It is unconditionally stable and 
an ideal LO driver amplifer. Internal DC blocks, bias tee, an ideal LO driver amplifer. Internal DC blocks, bias tee, 
and microwave coupling capacitor simplify external circuits, and microwave coupling capacitor simplify external circuits, 
minimizing your design time.minimizing your design time.

The PHA-1+ uses E-PHEMT technology to offer ultra-high The PHA-1+ uses E-PHEMT technology to offer ultra-high The PHA-1+ uses E-PHEMT technology to offer ultra-high 
dynamic range, low noise, and excellent IP3 performance, dynamic range, low noise, and excellent IP3 performance, 
making it ideal for LTE, and TD-SCDMA.  Good input and making it ideal for LTE, and TD-SCDMA.  Good input and 
output return loss across almost 7 octaves extend its use to output return loss across almost 7 octaves extend its use to 
CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.

 Visit minicircuits.com for full specs, performance curves, and  Visit minicircuits.com for full specs, performance curves, and 
free data!  These models are in stock and ready to ship today!free data!  These models are in stock and ready to ship today!
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borne Networking requirements. Those 

requirements outline a strong need for 

how the three segments of the DoD’s 

Global Information Grid—space, air-

borne, and terrestrial users—commu-

nicate with one another via IP-enabled 

network nodes. Due to almost a full 

decade of U. S. government investment 

and demonstrated applications in near-

ly every airborne platform in the U.S. 

Air Force and Navy, TTNT has already 

proven to be a viable means of provid-

ing secure, high-speed communications 

between rapidly moving radio systems. 

APPLICATIONS FOR TTNT

Although TTNT has been designed 

for a particular group of (government 

and defense) users, the communications 

technology actually has a wide range of 

possible applications because of the via-

bility and flexibility of the basic concept. 

For example, in 2005, the U.S. Defense 

Advanced Research Projects Agency 

(DARPA) successfully demonstrated the 

core technology by connecting tactical 

aircraft and ground communications 

nodes under a wide range of circum-

stances. These featured support for vari-

ous applications that included, but are 

not limited to:

• Standard internet-based communi-

cations techniques such as e-mail, Inter-

net chat, and internet access for aircraft 

that were already in the air.

• Voice over Internet protocol (VoIP), 

which transmits voice information over 

a data connection as an alternative to 

traditional telephone service. 

• Support for the transmission of still 

images from both an aircraft to users on 

the ground, as well as from users on the 

ground to an in-flight aircraft.

• Support for the transmission of 

streaming, full-motion video from air-

borne aircraft to users on the ground.

• Enabling sophisticated aircraft pro-

cedures, such as implemented by the 

Joint Precision Approach and Landing 

System (JPALS) and the Automated 

Aerial Refueling System (AARS).

By design, TTNT has allowed tacti-

cal aircraft to quickly 

acquire time-sensitive 

assets  that  were in 

motion at high speeds, 

enabl ing  network-

centric sensor tech-

nologies to correlate 

information among 

multiple platforms, 

significantly increas-

ing the accuracy in 

locat ing  targets  of 

interest (see figure). 

Using T TNT and 

secure voice, video, and data, a ground 

commander could not only instantly 

identify support aircraft, but also cor-

relate other critical information for the 

attack, including the amount and avail-

ability of fuel and ammunition. It would 

all be accurate, actionable, and real-time 

information that a ground commander 

could use to make the best possible deci-

sions in response to the attack. 

In the sky, a similar example would 

take place in the cockpit of a fighter jet. 

A pilot could use information from his/

her own aircraft as well as information 

shared via TTNT from the ground to see 

an enemy fighter jet aircraft approach-

ing from the rear faster than a radar 

warning receiver (RWR) could identify 

on its own. Of course, TTNT is more 

than a means of sharing data in the fast-

est, most secure way possible. It’s also 

about ensuring the data gets to those 

who can make the best use of it, and who 

can keep people in potentially danger-

ous environments as safe as possible. 

Of course, TTNT is not without its 

challenges. Developments in new tech-

nologies will be needed to make TTNT 

a practical and realizable technology. 

Broadband hardware components for 

systems using TTNT include power 

amplifiers, antennas, and transceivers 

compatible with existing Joint Tactical 

Radio System (JTRS) hardware. While 

TTNT is compatible with some existing 

hardware (since it’s largely a new net-

working protocol), widespread imple-

mentation would require vast amounts 

of new hardware.

The TTNT network process as it 

relates to hardware begins with a par-

ticular user or radio system entering the 

range of the network. At that point, it 

receives a welcome signal and transmits 

verification information to the nearest 

hardware node on the ground. Subse-

quently, the user entering the TTNT 

network is connected to the nearest 

node and to other nodes in the area for 

transmission and reception of infor-

mation. Upon leaving the range of the 

network, the user is automatically dis-

connected and the relevant IP address is 

deleted from the IP table. 

For a secure communications net-

work system to support TTNT, its hard-

ware must be compatible. Any compo-

nent that’s not compatible with TTNT 

must be replaced or updated. The DoD 

has been working on this compatibility 

effort since 2006, when a document was 

issued that mandated the integration of 

TTNT into MIDS-JTRS designs. 

Equally as important as the tech-

nology needed for current-day TTNT 

will be the technology needed to help 

it evolve. Without that support, TTNT 

could go the way of Link 16 technology. 

Link 16 data links are still used to trans-

mit trend-sensing data between tactical 

aircraft, but they lack support for certain 

DARPA technologies, such as Advanced 

Tactical Targeting Technology (AT3). 

TTNT was developed in part to replace 

Link 16, but it must be fully supported to 

make that possible. 

TTNT is a secure, high-speed networking communications 

technology that’s designed for point-to-point links on the 

move, such as fighter aircraft and ground networking nodes. 
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C
HOICE OF packaging tech-

nology can often determine an 

electronic technology’s ulti-

mate effectiveness in a defense-related 

application. Once considered highly 

advanced, system-in-package (SiP) 

technology is no longer at the forefront 

of microelectronic packaging.   

But, while other applications may 

seek to leverage the latest and greatest 

packaging technologies, military system 

architects cannot leverage new packag-

ing technologies without clear evidence 

of military-grade reliability. In fact, by 

using a four-pronged approach, it is pos-

sible to modernize a proven, existing 

packaging technology—SiP—to power 

military applications in the most threat-

ening environments. 

SiP technology is still a valid approach 

for miniaturizing defense microelec-

tronics, but other packaging options 

now crowd the scene (Fig. 1). Semicon-

ductor manufacturers and outsourced 

assembly and test (OSAT) providers 

have made tremendous progress in the 

commercialization of through-silicon-

via (TSV) technology to interconnect 

multiple devices in compact form fac-

tors. The technology has matured suf-

ficiently such that logic, memory, RF 

devices, sensors, and passive compo-

nents are often integrated in a single 

package. While it would appear that the 

defense community would widely adopt 

TSV technology as its next packaging 

technology, there are still strong needs 

for SiP devices. 

The performance benefits of TSV 

technology are well-established at com-

mercial operating temperatures (0° to 

+70°C). Yet, military missions are not 

restricted to such a narrow operating 

temperature range. 

I n  a d d i t i o n  t o  t e m p e r a t u r e 

extremes—from −55 to +125°C—mili-

tary electronics are also exposed to 

harsh thermal shock conditions from 

one temperature extreme to the other. 

Typical operating environments also 

include high altitudes, severe mechani-

cal shock, vibration, and exposure to 

moisture. With all of these less-than-

ideal operating conditions, military 

microelectronics are expected to per-

form flawlessly for years and even 

decades while being subjected to these 

operating environments.

Yes, the defense community must 

embrace commercial technologies to 

support military interests. However, this 

cannot be done without caution. For a 

military system architect, the decision 

to implement a new technology can lead 

to catastrophic consequences. Thus, the 

need arises for systematic evaluation of 

new technologies in realistic application 

environments. Furthermore, the perfect 

storm of worst-case environmental con-

ditions must be an evaluation criterion. 

A quick review of the literature using 

any search engine quickly reveals that 

TSV technology has not yet matured to 

the levels required for predictable, long-

term reliability in military application 

scenarios.

Classic SiP Tech
Repels Modern Threats

PRODUCT FEATURE

JASON BAST | Principal Product Manager with Mercury Systems’ Microelectronics Security Solutions Group, 7217, 
3601 East University Ave., Phoenix, AZ 85034; (602) 437-1520

PHILIP FULMER | Director of Product Marketing for the Advanced Microelectronics Solutions group at Mercury Systems, 
85 Nicholson Lane, San Jose, CA 95134; (669) 226-5823

For the rugged operating conditions required by defense applications, SiP packaging technology 

still has more than a few miles left for squeezing advanced functionality in small spaces. 

1. The small size of modern SiP technologies allows for extreme miniaturization of digital 

microelectronics capable of handling defense operating temperatures and conditions.
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Before proceeding further, it is worth-

while discussing the spectrum of pos-

sibilities regarding the concept of an SiP 

device. Many manufacturers refer to an 

SiP device as a two-dimensional (2D) 

array containing a central processing 

unit (CPU) and memory, where inter-

connections between the devices are 

optimized for performance. 

Best-of-breed SiP manufacturers 

will leverage three-dimensional (3D) 

stacking technologies (not to confused 

with TSV technology) to minimize the 

2D footprints of their devices (Fig. 2). 

Even fewer suppliers can apply multiple 

device interconnection technologies, 

such as wire bonding, surface-mount 

devices, and f lip-chip devices, on 

the same design. Unlike a packaged 

device created with TSV technology, 

SiP devices can be rapidly prototyped 

and customized for specific program 

requirements.

While TSV technology is not suitable 

in forward-deployed military applica-

tions, it is worth questioning the funda-

mental assumption that tried-and-true 

SiP technology is no longer valuable for 

leading-edge defense applications. How 

can SiP technology be modernized to 

deliver the performance requirements 

demanded by our modern military 

forces? Four new SiP attributes are pro-

posed: agile customization, advanced 

thermal management, embedded secu-

rity, and trusted manufacturing.

AGILE CUSTOMIZATION

In years past, the defense industry 

converged on a single processor, the 

PowerPC, for military applications. 

Device scaling according to Moore’s 

Law has enabled tremendous processing 

advances while reducing size, weight, 

and power consumption since the Pow-

erPC was state-of-the-art. 

Today, military system architects can 

choose from a wide range of processors 

and field-programmable gate arrays 

(FPGAs) to address different process-

ing requirements. There is no universal 

combination of processor and memory 

that addresses every military applica-

tion at present. Just as TSV technology 

can incorporate additional functionality 

beyond a processor and memory, SiP 

technology also embeds sensors and 

passive components, in addition to pow-

er-management circuitry.

Modern SiP devices must be devel-

oped by manufacturers capable of sup-

porting rapid prototyping for new pro-

grams while sustaining production of a 

wide variety of legacy devices. Time to 

market, from concept development to 

production, must occur in less than one 

year to meet aggressive program sched-

ules. The “one-size-fits-all” approach of 

the past must be replaced by agile cus-

tomization for tomorrow.

THERMAL MANAGEMENT

Modern military computing systems 

process multiple, parallel data streams 

from a number of different sensor sys-

tems. Design rules for each device tech-

nology node continue to shrink. The 

processing demands placed on these 

compact devices are resulting in higher 

power densities, increasing the challeng-

es for effectively dissipating the amount 

of heat generated. In applications where 

space constraints do not exist, discrete 

devices can dissipate heat via any com-

bination of radiation, conduction, and 

convection. 

When these devices are embedded 

within a ruggedized SiP device, thermal-

management considerations cannot be 

avoided. Further complicating this sce-

nario, it is distinctly possible that more 

than one processor, whether FPGA or 

GPU, must be embedded within the 

packaged device (Fig. 3). 

Next-generation SiP technology 

requires the manufacturer to dissipate a 

minimum of 100 W power without neg-

atively impacting size, weight, and pow-

er (SWaP) or performance. Advanced 

thermal and mechanical modeling 

using highly sophisticated design tools 

maximizes thermal performance of a 

2. The 3D stacking in modern SiP enclosures makes it possible to squeeze a great deal of functionality within a small package size without 

sacrificing reliability. 

http://mwrf.com
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packaged device. Predictable and reli-

able performance in environmental 

conditions simulating actual military 

environments is a prerequisite for SiP 

devices.

EMBEDDED SECURITY

Our military forces must maintain 

a strategic and tactical edge in global 

operations. The technology enabling 

these advantages must be protected at all 

costs. Yet it is unavoidable that many of 

the most advanced computing systems 

will be deployed in environments where 

platform capture is a possibility. Adver-

saries gaining access to these strategic 

technologies will leverage any tactic to 

understand the performance and con-

struction of these devices, in addition to 

decrypting any stored data. 

Although security features are typi-

cally not associated with SiP technology, 

embedding security within a SiP device 

is critical to protect the interests of our 

military forces. Achieving this ambi-

tious goal of embedded security requires 

the intersection of two disciplines unfa-

miliar with each other: security architec-

tures and microelectronics packaging. 

The typical defense microelectronics 

packaging supplier only achieves this 

objective through partnerships forged 

with security subject matter experts.

TRUSTED MANUFACTURING

Commercial microelectronics are 

manufactured in locations optimized to 

produce the highest volume of product 

per unit time with maximum cost effi-

ciency. Nearly all electronic components 

today are manufactured outside the 

borders of the United States. As such, 

it is nearly impossible to guarantee that 

an adversary has not introduced bypass 

mechanisms into these devices to alter 

performance in life-or-death missions. 

Other supply-chain attacks may be more 

subtle. As an example, the introduction 

of counterfeit materials into the manu-

facturing process of a defense comput-

ing system can compromise mission 

performance.

Addressing the future needs of the 

defense market requires SiP manufac-

turers to take a holistic perspective to 

embedding trust within the cadence of 

daily operations. Supply-chain monitor-

ing, particularly for critical components, 

ensures the authenticity of all procured 

parts. 

The manufacturing environment 

must be monitored to make sure that 

manufacturing and quality procedures 

are rigorously followed without excep-

tion. The backgrounds of all employees 

directly or indirectly related to device 

manufacturing should be fully vetted. 

Finally, the network infrastructure con-

taining valuable design and manufac-

turing records requires protection from 

cyberattacks through a vigilant cyber-

security program. The establishment of 

a trusted manufacturing center is not a 

trivial task, but manufacturers creating 

such centers of excellence will quickly 

realize the benefits.

By successfully incorporating agile 

customization, advanced thermal man-

agement, embedded security, and trust-

ed manufacturing, SiP technology can 

be extended to address the requirements 

of modern military forces. Strategi-

cally designed enhancements based on 

application-specific requirements can 

deliver tangible benefits, as this example 

shows. Introducing these incremental 

innovations to proven technologies also 

offers affordability benefits, since there’s 

no need to replace existing design and 

manufacturing equipment. 

3. This block diagram is one example of the number of functions that can be contained in a 

miniature SiP housing. 

A
ddressing the future needs of the defense market requires SiP 

manufacturers to take a holistic perspective to embedding trust 

within the cadence of daily operations. Supply-chain monitoring, particu-

larly for critical components, ensures the authenticity of all procured parts. 
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U
NLICENSED COMMUNICATIONS  in industrial-

scientific-medical (ISM) frequency bands have long 

been of interest to defense/military users as a way to 

add bandwidth when and where needed for particular appli-

cations. The latest frequency modules for the MPU5 mobile 

ad hoc networking (MANET) “smart” radios from Persistent 

Systems, LLC transform those radios into powerful, portable 

radios for use at upper C-band frequencies from 5.1 to 5.9 

GHz within the unlicensed ISM band. This opens the door not 

only to defense contractors, but portable radio specifiers of all 

kinds to consider their needs for reliable voice, text, video, and 

data communications with these robust modular radios.   

The Wave Relay MPU5 radios (Fig. 1) are as much comput-

ers as portable radios, each powered by an Android operating 

system. Like computers, the radios enable connection of exter-

nal USB devices; the radios also have enough computer back-

ground to form and create self-healing networks with other 

radios and computer devices. The latest radio modules (Fig. 2) 

operate from 5.1 to 6.0 GHz with three independent antenna 

chains, each contributing more than 1.3 W transmit power to 

total 4 W transmit power. 

The frequency modules support all multiple-input, multi-

ple-output (MIMO) antenna modes with standard frequency 

accuracy of ±4 ppm. They support binary-phase-shift-keying 

(BPSK), quadrature-phase-shift-keying (QPSK), 16-state 

quadrature-amplitude-modulation (16QAM), and 64-state 

QAM (64QAM) modulation formats. As with the other fre-

quency modules, the latest upper-C-band frequency modules 

are designed for operating temperatures from −40 to +85ºC. 

POWERFUL PORTABLE RADIOS

Whether at C-band or lower frequencies, the MPU5 radios 

can monitor as many as 16 voice channels, with two channels 

active at any time. With their integrated radio-over-Internet-

Protocol (RoIP) functionality, the radios can identify and con-

nect to other radios via a tether cable to the audio input of the 

non-MPU5 radio. This networks the legacy analog voice from 

a third-party radio and makes the digital audio available as a 

resource to anyone on the MPU5 network. 

The radios can view multiple video streams simultaneously; 

high-definition (HD) video input and output ports simplify 

connections to external cameras and HDMI-compatible dis-

plays, respectively. As data links, the radios can achieve 100-

Mb/s and more throughout, and incorporate a variety of data 

connection points, including USB On-the-Go connections, 

RS-232 serial port, and Ethernet port. A Standard Charging 

Port (SDP) rated for 500 mA and voltages from 8 to 28 V dc 

helps to maintain battery power. 

The latest, C-band frequency modules open additional fre-

quencies for the MPU5 radio. The radio’s Android OS helps an 

operator optimize available bandwidth, with software-defin-

able channel bandwidths of 5, 10, and 20 MHz. Whether for 

defense use or other applications, the radios are well protected 

by numerous Suite B algorithm and encryption features. 

The modules provide the links needed for a number of 

applications without human operators, including for Internet 

of Things (IoT) devices, unmanned aerial vehicles (UAVs), 

and vehicle-to-vehicle (V2V) and machine-to-machine 

(M2M) communications. However, with their flexibility and 

capabilities, it may be difficult to get these radios away from 

human operators, whether involved in commercial or military 

applications. 

PERSISTENT SYSTEMS, LLC, 303 5th Ave., New York, NY 10016; 

(212) 561-5895, www.persistentsystems.com

Radio Modules Make Upper 
C-Band Links 

PRODUCT FEATURE

JACK BROWNE | Technical Contributor

These interchangeable frequency modules turn this “smart” portable radio into a versatile 

unlicensed communications tool for use from 5.1 to 5.9 GHz. 

1. The modular MPU5 radios 

work with additional plug-in 

frequency modules to cover 

different frequency bands from 

L-band through upper-C-band 

frequencies.

2. The latest 

frequency modules 

for the MPU5 

MANET radios 

support operation 

at unlicensed ISM 

frequencies, in the 

upper C-band range 

of 5.1 to 5.9 GHz. 

http://www.persistentsystems.com
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HUBER+SUHNER AG 9100 Herisau/Switzerland
HUBER+SUHNER INC. Charlotte NC 28273/USA

VITA 67 

Multicoaxial RF backplane connection 

HUBER+SUHNER VITA 67 (VITA 67.1, 67.2 and 67.3) is the first true high 
performance 65 GHz SMPM cable assembly in the market. Thanks to the 
solderless Microbend bend-to-the-end technology tightest bending radii 
(0.06”/1.5 mm) are applicable right behind the connector.  

The snap-in captivation method guarantees an easy and quick installation. 
VITA 67 is designed for side-by-side implementation with VITA 46 and VITA 
66 hardware.

For more facts: › defense.hubersuhner.com
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Stacked Capacitors Handle High 

Temperatures

S 
MPS stacked capacitors feature 

multilayer ceramic capacitor 

(MLCC) construction with high-tem-

perature solder to handle operating 

environments to +200ºC. Well-suited 

for space and aerospace applica-

tions, the SMX-style capacitors are 

supplied in a capacitance range of 

100 pF to 340 μF and a voltage range 

of 25 to 1000 V dc for use in hostile 

environments. The capacitors have 

a temperature coeffcient of 0 ±30 

ppm/ºC from −55 to +200ºC.  

AVX CORP. 

One AVX Blvd., Fountain Inn, SC 

29644-9039; (864) 967-2150,  

www.avx.com 

Amplifer Module Hits 100 W from 2 to 6 GHz

Model BME2969-100 is a solid-state amplifer module capable of 100 W saturated 

output power from 2 to 6 GHz. It measures 7.75 × 3.5 × 1.75 in. and weighs 

about 3 lbs. The Class AB linear amplifer is designed for operating temperatures from 

−40 to +65ºC and power supply of +28.5 V dc and has 600 W power consumption 

(20% typical effciency). It delivers 59-dB typical gain with ±3-dB gain fatness across 

the frequency range, with typical second harmonics of −15 dBc and typical third 

harmonics of −20 dBc. Typical spuri-

ous levels are −60 dBc. The amplifer 

is fully protected against open and 

short circuits and is supplied with 

SMA input connectors and TNC  

output connectors.  

COMTECH PST,  

105 Baylis Rd., Melville, NY 11747; 

(631) 777-8900, www.comtechpst.com

Visit us at the IMS Show Booth #1116

http://www.comtechpst.com
http://www.avx.com
http://defense.hubersuhner.com
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Cables Make Connections from DC to 18 GHz

The 6 Series of GORE-FLIGHT microwave cable assemblies are light in weight 

but durable in performance for a wide range of interconnect applications 

from dc to 18 GHz. The cable assemblies meet 

MIL-T-81490 requirements with minimum shielding 

effectiveness (SE) of 90 dB. They are available with 

different diameter cables, with maximum VSWR of 

1.40:1 and typical VSWR of 1.25:1 through 18 GHz. 

The impedance is maintained to 50 ±1 Ω with inser-

tion loss of no more than 0.384 dB through 18 GHz 

for any of the cable types.  

W. L. GORE & ASSOCIATES, INC.,  

1901 Barksdale Rd., Newark, DE 19711; (866) 271-5954, www.gore.com

Compact Amplifi ers Boost Communications Ranges

Though the AR-20 tactical radio booster amplifi er weighs just 1 lb., 10 oz., 

the fully automatic, band-switching VHF/UHF device provides 20 W output 

power from 30 to 512 MHz. It offers multiple dc supply options for fl exibility, 

including operation from a single battery or 12/24-V vehicle supply. A built-in 

low-noise amplifi er (LNA) can be switched on and off from the front panel. The 

booster amplifi er provides 20 W output power when fed with a 1- or 2-W radio 

input signal.  

AR MODULAR RF,  

21222 30th Dr. SE, Ste. 200, Bothell, WA 98021; (425) 485-9000, www.arworld.us

Limiting Amplifi er Gains 1.85 to 6.25 GHz

Model PEC3-40-2G6G-15LM-SFF-HS is a 

limiting amplifi er with minimum gain of 35 

dB from 1.85 to 6.25 GHz. The gain remains fl at 

within ±2.5 dB across the frequency range. The 

limiting amplifi er delivers output of +15 dBm 

when fed with inputs from −15 to +17 dBm. 

Maximum noise fi gure is 6 dB. Measuring 1.91 

× 0.78 × 0.36 in. with SMA female connectors, 

the limiting amplifi er operates on supply voltages of +10.8 to +13.2 V dc.  

PLANAR MONOLITHICS INDUSTRIES INC., 

7311-F Grove Rd., Frederick, MD 21704; (301) 662-5019, www.pmi-rf.com

GaN Bidirectional Amplifi er Energizes 30 to 2700 MHz

Model TTRM120 is a wideband, GaN-based 

bidirectional amplifi er (BDA) designed for 

use from 30 to 2700 MHz. It provides more 

than 8 W of transmit power in a compact hous-

ing measuring just 3.25 × 2.42 × 0.54 in. The effi cient 

GaN BDA consumes only 24 W dc power with a wide dc input 

power range of +11 to +28 V dc. It produces more than 2 W of linear 16-state 

quadrature-amplitude-modulation (16QAM) output signals with less than 9% 

error vector magnitude (EVM). Switching between transmit and receive modes 

takes place in less than 1 μs, and can be performed manually.

TRIAD RF SYSTEMS INC., 

11 Harts Lane, Ste. 1, East Brunswick, NJ 08816; (855) 558-1001; 

E-mail: sales@triadrf.com, www.triadrf.com

www.minicircuits.com
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Coaxial Amplifier Combines Low Noise,

Flat Gain from 0.1 to 20 GHz

(MODEL ZVA-213UWX+)

Rugged High-Power Amplifier Drives 

100 W from 2.5 to 6.0 GHz

(MODEL ZHL-100W-63+)

Hand-Formable Interconnect Cables

Fit Tight Spots to 40 GHz

(MODEL 086-3KM+)

75-Ω Power Splitter/Combiner

Goes 16 Ways to 2700 MHz

(MODEL ZB16PD-272-75F+)

Visit us at the IMS Show Booth #203
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WHILE THE INTERNET OF THINGS (IoT) 

has impacted many industries, nowhere 

is it more evident than in the automo-

tive industry. This point can be proven 

by the rise of connected cars, which 

provide consumers with 

enhanced entertainment 

and safety features. But 

for connected cars to be a 

reality, the right hardware 

components are needed. 

In the white paper, “The Connected Car 

Market: Amphenol RF Solutions,” Am-

phenol RF explains the signifcance of 

connected cars before discussing some 

of the hardware components that enable 

this technology.

The white paper notes that connected-

car technology is increasingly being in-

corporated into consumer products. In 

terms of numbers, the global connected-

car market penetration is 8.0% in 2018, 

with that number expected to rise to 

19.3% by 2021. A quarter of a billion con-

nected cars are projected to be on the 

road by 2020.

After that opening, the 

discussion surrounds 

the importance of the 

connected car, with an 

emphasis on entertain-

ment and safety. One 

point brought out is that various forms 

of advanced driver-assistance systems 

(ADAS) are already implemented in many 

popular cars on the road. Automotive 

manufacturers also intend to implement 

additional ADAS technology into con-

sumer vehicles in the near future. Further-

more, the white paper talks about both 

LiDAR and vehicle-to-everything (V2X) 

technologies.

Later on, the paper examines the hard-

ware components of connected cars. 

It notes that while software will play an 

important role in connected cars of the 

future, hardware is equally vital to this 

industry. Examination of the connected-

car hardware components then leads to a 

discussion of the FAKRA standard, which 

has been adopted as a global standard. 

FAKRA and other industry standards like 

USCAR have helped to reduce the costs 

associated with RF interconnections by 

optimizing electrical and mechanical per-

formance in telematics applications.

Afterward, the white paper mentions 

Amphenol RF’s earlier generations of 

FAKRA connectors (Gen 1.0 to 3.0). In 

addition, Gen 4.0 will play an integral 

role in the move to autonomous vehicles, 

according to the paper. 6.0-GHz FAKRA 

connectors are discussed as well.

Application Notes

M
ultichip packages and sys-

tems-on-a-chip (SoCs) are 

widely used to satisfy the de-

mand for high-performing electronic 

devices. And with emerging applications 

requiring higher operating frequencies, 

the circuits used for these applications 

are becoming more complex. One fac-

tor to account for is the large amount of 

parasitic emissions that can be gener-

ated by such complex integrated circuits 

(ICs). In the application note, “Integrat-

ed Circuits (ICs) and Component EMC 

Testing,” AR RF/Microwave Instrumen-

tation discusses techniques that can be 

utilized to test ICs for electromagnetic 

compatibility (EMC) and electromag-

netic interference (EMI).   

The application note explains the 

fundamentals for both EMI and EMC 

testing. Essentially, EMI (emissions) 

testing determines the RF interference 

that’s radiated or conducted from a 

component. Emissions from a compo-

nent can cause nearby components/

equipment to malfunction. EMC (sus-

ceptibility) testing determines the im-

munity of a component/device to ex-

ternal RF interference conducted or 

radiated into that component/device.

Following that discussion is an ex-

planation of the TEM cell 

test method. It’s used to 

measure the emissions or 

immunity of an IC from 

150 kHz to 1 GHz. The 

document notes that ei-

ther a two-port TEM cell 

or a one-port TEM cell can be used.

The note breaks down two standard 

test methods: the bulk current injection 

(BCI) method and direct power injection 

(DPI) method. The BCI method deter-

mines the immunity of an IC in the pres-

ence of conducted RF disturbances. And 

the DPI method determines the immu-

nity of an IC as a function of the effective 

power transmitted to the circuit. Illustra-

tions of both test setups are presented.

Another point highlighted in the 

app note is that cable harnesses and/or 

printed-circuit-board (PCB) traces can 

form efficient antennas. Thus, an IC 

receives unwanted RF en-

ergy through the pins that 

are connected to the wires 

of cables. That means the 

EM immunity of an IC 

can be characterized by 

conducted RF disturbance 

(i.e., RF forward power) rather than field 

parameters. Lastly, the document men-

tions specific AR amplifiers that can be 

used for BCI and DPI component test-

ing, as well as the company’s emcware 

test software.

BE CERTAIN That Your IC is Compliant 

AR RF/Microwave  

Instrumentation,  

160 Schoolhouse Rd., 

Souderton, PA 18964;  

(215) 723-8181; 

 www.arworld.us

Amphenol RF,  
4 Old Newtown Rd.,  
Danbury, CT 06810;  

(800) 627-7100;  
www.amphenolrf.com

CONNECTED CARS BANK ON the Right Hardware 
Components

http://www.amphenolrf.com
http://www.arworld.us
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Transparentize 
Connections
for 5G and WiGig Testing
As applications reach higher frequencies, the right tools are needed to develop 

effective connector interfaces.

BILL ROSAS | Signal Microwave 
www.signalmicrowave.com

C
ritical to many new projects is a transparent 

interface to the board—one that you do not even 

notice is there. This connector-to-board interface 

is referred to as the board “launch,” where the RF 

energy transitions from the connector to the board. Figure 1 

shows a typical design with 2.92-mm interface 40-GHz con-

nectors on the edge of the board.

For designers moving to higher frequencies, i.e., into the 

20-GHz range and higher, it will no longer suffice to just treat 

an SMA connector as a lumped 50-Ω element and mechani-

cally join it to the printed-circuit board (PCB) using a stan-

dard footprint. For these designs, it’s now common to use 3D 

electromagnetic (EM) software tools, such as that supplied by 

COMSOL (www.comsol.com).

3D TOOLS AVAILABLE TO DESIGNERS

Designing a connector-to-board launch design is getting 

easier thanks to 3D EM software tools that have been available 

for years. Recently increased support from microwave con-

nector suppliers is available as well.

Many microwave connector companies now provide 3D 

models of higher-frequency connectors that can be imported 

into 3D EM software tools. Some of these firms provide such 

models in a format that’s only compatible with a specific 3D 

EM software package. A fee may also be charged to receive the 

model. Signal Microwave (www.signalmicrowave.com) mod-

els, on the other hand, are generic and can be used in any of the 

3D EM software packages.

PCB material information is also available in many 3D 

solver packages. Signal Microwave goes beyond that by sup-

plying reference designs for common high-frequency board 

materials. These reference designs, which are optimized by 

Signal Microwave, come in a common CAD format and can 

be imported into many 3D software tools. Customers are able 

to start with these reference designs and evaluate them using 

their own software tools. The design can then be used as is, 

or modified to better fit the customer’s requirements for final 

performance.

Technology Feature

1. Shown is a 1:16 Wilkinson divider design that utilizes 2.92-mm 

connectors.
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THE NEED FOR 3D MODELS

In 2D circuit simulators, the com-

ponents on a PCB that operate at high 

frequencies can be modeled using 

S-parameters. This is not the case with 

a coaxial-connector-to-PCB transi-

tion. The transmission-line geometry 

in a connector is coaxial (circular). On 

a board, however, this geometry is pla-

nar. Correctly modeling how these two 

transmission-line types directly interact 

requires a 3D EM solver to address the 

complexities of the change in transmis-

sion-line mode from coaxial to planar.

DESIGNS START WITH THE BOARD 

MATERIAL

Connectors are compatible with a 

wide range of board thicknesses and 

dielectric constants. The purpose of the 

board will determine the combination 

of board material, dielectric constant, 

and dielectric thickness requirements. 

The common board materials being 

used in the industry for high-frequency 

designs range in thicknesses from 4 mils 

(0.004 in.) to 12 mils (0.012 in.) with 

relative dielectric constants in the range 

of 3.0 to 3.5. Looking at these param-

eters, today’s high-frequency connector 

geometry matches up well.

Here is a quick checklist of required 

knowledge before starting the actual 

design:

• List of components and features 

on the board

• Determine line widths to match

• Determine loss and power 

requirements

• Choose a transmission-line 

structure

• Choose a suitable substrate

• Choose a suitable connector

DESIGN EXAMPLE

Figure 2 shows a 70-GHz bandwidth 

launch design of a grounded coplanar-

waveguide (GCPW) transition between 

a Signal Microwave ELF67-001 connec-

tor and an 8-mil-thick Rogers RO4003 

PCB.

Key elements of the design include:

• Via size, placement, and spacing

• Circuit ground spacing to match 

the connector

• Signal-line width to create a 50-Ω 

transmission line

• Compensation of the signal line 

(taper) to account for the connec-

tor pin

HOW TO SET UP THE SIMULATION

Figure 3 illustrates a short transmis-

sion-line structure with 3D models of 

the connector on either side. Signal 

Microwave supplies 3D models of the 

launch portion of its board-mount con-

nectors. COMSOL Multiphysics soft-

ware, a 3D modeling package, has many 

of these models in its library along with 

common board materials. Using such a 

structure, it’s easy to set up a two-port 

simulation model that can be used to 

optimize board designs.

Creating a through line with connec-

tors on either end and creating the ports 

at the end of each connector simulation 

model will allow for the simulation of 

a structure that can be measured. The 

most efficient way to optimize the tran-

sition is by defining the ports as close as 

possible on either side of the section to 

be optimized. This would require creat-

ing a port in the transmission line of the 

board.

The domain between the inner and 

outer conductor of the edge-launch con-

nector is filled with dielectric. Here, that 

dielectric is Neoflon, which has a dielec-

tric constant of 2.5. All metal parts, 

including the edge-launch connectors, 

GCPW, metalized vias, and ground 

plane, are modeled as Perfect Electric 

Conductor (PEC) for low-frequency 

prototypes.

To consider loss factors and sur-

face roughness at higher frequencies, 

the lossless PEC condition is replaced 

by Transition Boundary Condition and 

2. Critical details of a 70-GHz bandwidth launch design are revealed in this design.
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Impedance Boundary Condition. The 

entire modeling domain is defined by 

Scattering Boundary Condition, which 

represents an open space. 

The physics-controlled mesh is cho-

sen to get all domains meshed with a 

tetrahedral mesh; maximum element 

size is five elements per wavelength so 

that the wave is well-resolved. The maxi-

mum mesh size is automatically scaled 

by the material properties in the dielec-

tric substrate. The parts in the edge-

launch connectors are meshed manually 

with a finer resolution to provide good 

resolution of the curved surfaces.

OPTIMIZING THE CONNECTOR-

TO-PCB TRANSITION

Energy flow from the coax to the PCB 

is represented in Figure 4. This simpli-

fied representation shows only the ener-

gy in the air portion of the transmission 

line. A significant amount of the energy 

is in the substrate and transitions from 

the dielectric of the connector to the 

substrate between the top and bottom 

conductors.

To fully capture the complexity of this 

transition at higher frequencies, a 3D 

simulation tool is required. Once the 

model is created and the ports are set 

to measure the energy flow (S-param-

eters), an optimization of the launch 

design can be done.

SOURCES OF DISCONTINUITY

The Pin Sitting on the Signal Line

The pin of the connector adds capaci-

tance to the section of the board where 

it’s electrically connected (Fig. 4, again). 

This capacitance increases if the pin is 

soldered. Therefore, soldering is not 

recommended. The signal line of the 

PCB where the connector makes contact 

needs to be adjusted to reduce the effect 

of this extra capacitance (Fig. 2, again).

The Ground of the Connector Mak-

ing Contact with the PCB

For a GCPW, the top ground spacing 

can be matched to the ground contact 

points of the connector. For a microstrip 

line, there’s no top ground. That means 

there is not much to optimize to improve 

performance. If a short GCPW section 

is added to the edge of a microstrip line, 

a structure is created that can be opti-

mized to the connector.

The largest discontinuities occur at 

the section between the launch pin of 

the connector and the edge of the board. 

3. This is a model of a transmission line structure with connectors, created using COMSOL 

Multiphysics software. (Courtesy of COMSOL)

4. This figure illustrates the flow of energy from a connector to the printed circuit board 

(PCB).
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To simulate this, the TEM mode field is excited at the coaxial 

type lumped port, port 1. The field then propagates through 

the port 1 edge-launch connector and excites a planar mode 

on the GCPW. The symmetric electric field in the coplanar-

waveguide is confined from the center conductor outwards 

to the conductors on each side and underneath. The listener 

port, port 2, is also terminated by the same type of coaxial 

lumped port.

THE NEED FOR A TRAINED OPERATOR OF THE 

SOFTWARE

The person running the simulation will need to know the 

basics of RF transmission lines. With this knowledge, one 

can properly oversee the implementation and then the results 

of the simulation. The software is able to quickly and easily 

explore a range of design features as defined by the user and 

provide data for each specific combination of features. 

However, it cannot, for example, tell 

the user that a feature not in the design 

needs to be added, or that a feature in 

the design must be removed. These 

decisions have to be made by the user. 

The design can then be modified for 

further analysis through simulation. 

In this way, the software tool can be 

used to identify an optimized design 

and explore sensitivities in the design.

SENSITIVITY ANALYSIS

The user will need to understand 

board-processing techniques and vari-

ances that are inherent in the board 

fabrication process. Understanding the 

strengths and weaknesses of holding 

tolerances in the fabrication process 

can guide users in the realm of sensitiv-

ity analysis. One should try to make the 

most difficult board-processing fea-

tures the least sensitive in the design.

CONCLUSION

Projects will benefit from a well-

designed board launch. Without effi-

cient and well-behaved transition of 

energy into and out of a board, the per-

formance of a board—or the compo-

nents on a board—cannot be properly 

determined. In test, yield can increase 

when components do not fail due to 

degradation of test results that result 

from connector-to-board transition 

performance. In design verification, 

the accuracy of test results will improve 

as well. 

High-performance board launches 

and transmission lines are achievable 

in projects in which their performance 

is critical. While not “transparent,” it’s 

close enough that the connector transi-

tion does not interfere with board mea-

surements. 

5G and WiGig Testing
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Wireless protocols such as Wi-Fi and Bluetooth work 

with smartphones around the world as controllers for 

electronic devices that sense and share data via the 

internet. 

Sharing the Internet

with Billions 
of Things

JACK BROWNE | Technical Contributor

I
n many ways, the internet has 

become a form of “hard drive” 

for the masses. It’s a place to store 

and find a seemingly unlimited 

amount of information as needed. The 

internet can be accessed from almost 

anywhere, with wired or wireless com-

munications devices such as cellular 

telephones and WLAN laptop comput-

ers. But it’s not just people connecting 

to each other via the Internet: Billions 

of things, as in Internet of Things (IoT) 

devices, also hook up with the inter-

net—a number that’s expected to grow 

dramatically in the next few years.

Recent market forecasts by organi-

zations such as Gartner (www.gartner.

com) estimate more than 20 billion 

worldwide IoT devices by 2020. While 

these IoT devices will occupy some of 

that seemingly unlimited memory stor-

age capacity available from the many 

computers comprising the internet, they 

will also support numerous functions in 

homes, factories, even outdoors. 

Many IoT devices are designed to 

make environments “smarter,” includ-

ing motor vehicles, homes, offices, and 

cities. While some may argue that the 

only “smart” cities will be those  without 

IoT devices, the rise in applications of 

IoT technology is apparently unavoid-

able and will no doubt become relatively 

mundane with time. For example, users 

can check the temperature of the rooms 

in their homes while still at work by 

gaining remote access to the internet via 

cellphone. 

Growing interest in IoT devices is 

evidence of how the wireless/cellular 

telephone has evolved into a “control 

center” for many users. The wireless/cel-

lular telephone is not only an informa-

tion center, it serves as a remote control 

for IoT devices. 

The basic concept of a “smart home” 

is a residence in which electronic devices 

such as light switches, thermostats, radi-

os, and televisions are connected to the 

internet and can be controlled by voice 

commands as a user walks through, or 

remotely by having a wireless/cellular 

telephone or “smartphone” function as a 

wireless remote control. The IoT devic-

es are also sensors that can gather and 

exchange data, thus enabling, say, room 

temperatures to be adjusted according 

to occupancy to save on heating bills, 

or perform other dynamic actions for 

efficiency and economy. 

Although many well-known pro-

fessional organizations such as AT&T 

Business (www.business.att.com) and 

IBM (www.ibm.com) with its IBM Wat-

son IoT service can organize a “smart 

business” with appropriate IoT devices, 

the majority of IoT users learn as they 

go with the technology. This typically 

Product Trends
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1. Some IoT devices are as simple as this 

WeMo switchable ac outlet, which enables 

remote control of home electronic appli-

ances using an existing Wi-Fi network and 

a free downloadable application to run on a 

smartphone. (Courtesy of Belkin)
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involves a close-range wireless communications technology, 

such as Bluetooth or Wi-Fi, to connect IoT devices to a local 

wireless network for access by a user’s cellphone. The phone 

would be equipped with appropriate application software to 

control the IoT devices. 

The worldwide use of the interconnected computer servers 

that form the internet has grown into a massive global network 

known simply as “the cloud.” In turn, IoT devices connected 

to any network with internet capability can be accessed by any 

communications device with similar access to the internet. 

THE QUICKENING EVOLUTION

The use of things connected to the internet for different 

reasons isn’t all that new—it’s been taking place for sever-

al decades. And the number of commercially available IoT 

devices has grown quite large for applications within a home 

or office, around a home, for medical or health purposes, even 

for vehicular purposes as part of a smart car. In addition, as 

mentioned, for all IoT applications are typically controlled via 

the “brains” of the smart home or office, meaning a cellphone 

or tablet/laptop computer. 

The number of commercial IoT products is currently in 

the thousands. Some are as mundane as night switches or ac 

outlets that can be turned on and off from a cellphone using 

Bluetooth or Wi-Fi (Fig. 1). Some are functions that have 

been available as IoT devices for many years, such as remote-

controlled thermostats that control a home or office building’s 

temperature. Similarly, air conditioners can be remote-con-

trolled via IoT outlets during warmer months. This allows, for 

example, a facilities manager to monitor and adjust the tem-

peratures of a building and its different offices from a central, 

networked location. 

Beyond the fundamental wireless control of heating, cool-

ing, lighting, and power, there’s been a rapid rise in the use 

of IoT devices for security purposes (Fig. 2). In some applica-

tions, the security is as straightforward as a “smart lock” for a 

home’s front door. 

Suppliers such as August Home actually offer third-gener-

ation IoT door-lock products that essentially turn a cellular 

telephone into a set of door keys. The latest smart locks from 

August Home can work with Echo and Alexa voice commands 

from Amazon to allow residential access to family and selected 

guests. They can also perform automatic functions, such as 

opening a locked door as the “key-bearer” (holder of the cell-

phone) approaches the front door as well as locking the door 

as the cellphone holder leaves the house. 

Some of the more popular IoT devices are those used to 

locate lost personal effects, like keys or wallets. Tile, which is 

known for its key-finding use of IoT and Bluetooth technol-

ogy, helps users who prefer to open their doors the old-fash-

ioned way, but may have misplaced their keys. The company’s 

object-location technology is in use throughout the world 

in hundreds of countries, and has recently been applied to a 

tracking device that’s thin enough to remain within a wallet 

and help to find it with a smartphone (Fig. 3).  

KEEPING WATCH

In addition to locking the doors of a residence, many IoT 

devices can maintain remote surveillance over a home using 

IoT-enabled surveillance cameras. Most of these IoT cameras 

are simple to install and use, and can even record video to the 

cloud over multiple days. 
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2. IoT door-lock products can be programmed to work with voice 

commands to replace the use of keys. (Courtesy of August Home)

3. IoT-based object-location technology has been applied to a track-

ing device, thin enough to remain in a wallet, which can be found 

using a cellphone when lost. (Courtesy of Tile) 

4. Arlo Pro IoT security cameras feature advanced capabilities, such 

as motion and sound detection, which can be accessed through the 

internet.  (Courtesy of Netgear) 

http://mwrf.com


Sharing the Internet

For example, the Arlo Pro IoT security cameras from Net-

gear include motion and sound detection (Fig. 4). The latest 

versions of the cameras (Arlo Pro 2) boast high-definition 

1080p video resolution and support for Amazon Alexa voice 

commands. The Arlo Pro cameras allow users to connect a 

USB memory device to the camera base station for capture of 

video over time. The same base station contains a 100-dB siren 

that can be activated from anywhere by means of IoT network 

access. 

The iCamera Keep Pro from iSmartAlarm is an IoT security 

camera that’s activated by motion and sound detection. It can 

perform time-lapse and event-triggered video, and includes a 

motion-tracking feature that’s able to follow a subject around a 

room. The camera has 1080p high-definition video resolution, 

and can store video data on a built-in SD card slot or to the 

cloud. The device features a 140-deg. field of view and night 

vision, and can improve its chances of keeping a subject on 

camera by means of motorized panning and tilting. 

Some IoT security systems, such as those from SimpliSafe, 

are available as kits with different components for providing 

the amount of security coverage depending on the size of the 

house. The firm’s security kit, known as “The Foundation,” 

includes four essential components (Fig. 5): a base station, 

a data-entry keypad, an entry sensor for a doorway, and a 

motion sensor that can be placed at a key location around a 

home. 

The kit’s components work together to provide remote 

monitoring and protection via the Internet. If one of the sen-

sors detects an unwanted presence, an online message is sent 

via Internet and a 95-dB siren is sounded in the home by the 

basestation. The kit and larger ones offered by the company 

are available with and without monitoring services. 

INDUSTRIAL IOT

For industrial IoT (IIoT) applications, devices such as the 

ZEM-61 wireless three-phase electricity monitor (Fig. 6) from 

EpiSensor (www.episensor.

com) provide a simple means 

of remotely monitoring the 

energy use in a commercial 

or industrial facility, such as 

a warehouse. It’s essentially 

a miniature test system with a 

2.4-GHz ZigBee wireless radio 

housed within a compact waterproof 

enclosure measuring just 192 × 128 × 40 mm. 

Through IoT connections, the EpiSensor can report on 

a variety of energy-related parameters, including voltage, 

current, kilovolt-amps (kVA), and kilowatt-hours (kWh). It 

offers a wide voltage measurement range of 75 to 265 V, and 

an extended current measurement range of 0.1 to 3 kA with 

accuracy of ±1% or better. The IIoT unit features over-the-air 

software upgrade capability and can relay data from other 

wireless nodes within a facility. 

In any operating environment, it’s easy to see the conve-

nience of IoT-enabled equipment and the attendant quick 

growth of IoT devices. Rather than try to control each IoT 

device with a separate software application on a smartphone, it 

can sometimes make more sense to use what are known as hub 

gateways. They allow for the connection of, and communica-

tion between, many different types of IoT devices. These may 

be devices that normally communicate on ZigBee, Bluetooth, 

and Wi-Fi, and would require those separate wireless links. 

With a hub gateway, devices with different wireless protocols 

can be controlled through that single gateway; for example, 

using voice control and programmed voice commands to con-

trol different IoT devices. 

As the number of IoT devices escalates, so too does the 

concern over cybersecurity. There’s always the threat of com-

puter hackers gaining access to a home or business through a 

vulnerability in a network made possible by an IoT weak link. 

Manufacturers of IoT-based products typically institute 

end-to-end security testing a part of every new product’s 

development cycle, to better understand the capabilities of dif-

ferent IoT products in withstanding attacks from hackers. For 

example, a smart camera that’s designed as part of the security 

system for a home can also function as a two-way monitoring 

device by a hacker gaining access from the outside. Organiza-

tions such as Securelist (www.securelist.com) have performed 

extensive experiments on different IoT devices and network 

setups to identify weak links and access points where hackers 

could gain access to an IoT-populated network. 
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5. “The Foundation” is a basic IoT-based security kit that allows 

a user to install a security system in a small house or apartment.  

(Courtesy of SimpliSafe) 

6. The ZEM-61 is an IIoT three-

phase electricity monitor that 

can remotely monitor the energy 

use in a warehouse or factory. 

(Courtesy of EpiSensor) 
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e360microwave offers relays and switches for ultra reliable test applications. Based 
on a 30-year heritage of innovative RF and microwave products and designs, our 
broad selection of relays and switches features excellent RF performance, reliability 
and repeatability. We can deliver 10,000s switches per month, quickly and at very 
competitive prices. All options are available and high-

power and low PIM designs are a specialty.  

Santa Clara, CA 95054   408-650-8360 (o), 408-650-8365 (f) 

techsupport@e360microwave.com  

sales@e360microwave.com 

Visit www.e360microwave.com for data sheets and more information. 
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B
andwidth is everything 

for some applications, 

including many commu-

nications systems, and 

boosting signal levels over broad band-

widths requires a special kind of ampli-

fier. Typically, a distributed amplifier is 

used for such applications. As its name 

might suggest, gain is distributed among 

a number of transistors or active stages 

within the amplifier, such as field-effect 

transistors (FETs) in GaAs distributed 

amplifiers, to achieve level signal gain 

over wide bandwidths.

Commercially available amplifiers 

that deliver widely distributed gain 

with excellent gain flatness are the 

model CMD240 die, the CMD240P4 

packaged amplifier (a CMD240 die 

mounted in a QFN package),  the 

CMD242, and the CMD244 GaAs 

MMIC distributed amplifiers from 

Custom MMIC. These impedance-

matched, 50-Ω dc-coupled amplifiers 

in their die and packaged forms are 

capable of bandwidths as wide as dc to 

40 GHz in a single device (the model 

CMD242). They offer attractive combi-

nations of low noise figures and flat-to-

positive-sloping gain with frequency 

that remains stable with temperature. 

Such amplifiers are invaluable for 

wideband communications receiver 

front ends. Their low noise figure doesn’t 

compromise receiver front-end sensitiv-

ity and they maintain sufficient gain to 

drive desired signals above the noise. In 

many cases, a single distributed ampli-

fier may have sufficient bandwidth to 

serve multiple receive-frequency bands 

and receiver front ends if switched, help-

ing to reduce the parts count on a por-

table radio design. 

For example, model CMD240 is a 

GaAs MMIC distributed amplifier die 

that delivers typically more than 15 dB 

gain while holding noise figure to typi-

cally 2.2 dB or less from dc to 22 GHz 

(Fig. 1). It provides +19 dBm typical 

output 1-dB compression point (out-

put P1dB) and +28 dBm output third-

order intercept point (IP3) across that 

wide frequency range when operating 

from +5 V dc drain voltage, −0.6 V dc 

gate voltage, and 80 mA typical current 

draw. Input return loss is typically 15 

dB across the full dc to 22 GHz, while 

output return loss is typically 13 dB for 

the same range. The CMD240 has maxi-

mum rating of +20 dBm for input power. 

As expected, there’s slight degrada-

tion in the noise-figure performance 

at the band edges, but with maximum 

noise figure of only about 3 dB at 20 

GHz. The 22-GHz distributed amplifier 

is also available in QFN packaged form, 

as model CMD240P4 (Fig. 2). 

These three GaAs MMIC distributed amplifiers provide generous gain with low 

noise figures over wide, dc-coupled bandwidths to serve optical and RF/microwave 

applications. 

Distributed Amplifier 
MMICs Boost Signals 
Over Wide Bands 
to 40 GHz

Product Feature
JACK BROWNE | Technical Contributor

1. Model CMD240 is a GaAs MMIC distrib-

uted amplifier die with low noise figure and 

level gain from dc to 22 GHz.

2. The CMD240P is a QFN-packaged ver-

sion of the CMD240 GaAs MMIC distributed 

amplifier for applications from dc to 22 GHz. 
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PLIFIERS

*Low frequency cut-off determined by coupling cap.

For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.

For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-4089Z

GVA-63+ may be used as a replacement for RFMD SBB-5089Z

See model datasheets for details

458 rev R

GVA amplifiers now offer more options and more capabilities 

to support your needs. The new GVA-123+ provides ultra-

wideband performance with flat gain from 0.01 to 12 GHz, and 

new model GVA-91+ delivers output power up to 1W with power 

added efficiency up to 47%!  These new MMIC amplifiers are 

perfect solutions for many applications from cellular to satellite and 

more!  The GVA series now covers bands from DC to 12 GHz with 

various combinations of gain, P1dB, IP3, and noise figure to fit your 

application.  Based on high-performance InGaP HBT technology, 

these amplifiers are unconditionally stable and designed for a 

single 5V supply in tiny SOT-89 packages.  All models are in stock 

for immediate delivery!  Visit minicircuits.com for detailed specs, 

performance data, export info, free X-parameters, and everything 

you need to choose your GVA today!

Mini-Circuits
¨

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

GVA-8

GVA-60+

GVA-63+

GVA-62+

GVA-83+

GVA-82+

ea.ea. (qty.1000 )(qty.1000 )ea. (qty.1000 )from94from94¢
DC* to 12 GHz    up to 1W Output Power          

 NOW

GVA-123+  Ultra-Wideband,

     0.01-12 GHz

GVA-91+   1W Power

https://www.modelithics.com/MVP/MiniCircuits

FREE X-Parameters-Based 
Non-Linear Simulation Models for ADS

Visit us at the IMS Show Booth #203
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Distributed Amplifiers 

SPANNING DC TO 40 GHZ

When even more bandwidth is 

needed, model CMD242 is a GaAs 

MMIC distributed amplifier die with 

enormous range of dc to 40 GHz. 

It provides more than 10.5 dB typi-

cal gain and typically less than 4.4 

dB noise figure from dc to 40 GHz 

(see table). The broadband CMD242 

achieves output P1 dB of +17.5 dBm 

from dc to 20 GHz and typically +19.0 

dBm from 20 to 40 GHz. The ampli-

fier’s output IP3 is typically +28 dBm 

from dc to 20 GHz and typically +26 

dBm from 20 to 40 GHz. 

It’s designed for maximum input 

power of +23 dBm. The wideband 

distributed amplifier is also rated for 

maximum power dissipation of 1.05 W 

and maximum thermal conductivity of 

62.1ºC/W. The CMD242 GaAs MMIC 

die is available with a second voltage 

gate (Vgg2) for optional gain control 

(Fig. 3). 

When more gain is needed, model 

CMD244 is a distributed driver ampli-

fier die for applications from dc to 24 

GHz (Fig. 4). It features a positive gain 

slope with frequency, with typical gain 

of 17.5 dB from dc to 10 GHz, rising to 

18.5 dB from 10 to 24 GHz. The noise 

figure does rise somewhat with fre-

quency, as expected, with typical noise 

figure of 3 dB from dc to 10 GHz, ris-

ing to typically 4 dB from 10 to 24 GHz. 

Input return loss is typically 18 dB from 

dc to 10 GHz and 15 dB from 10 to 24 

GHz, while output return loss is typi-

cally 25 dB from dc to 10 GHz and 15 dB 

from 10 to 24 GHz. The output P1dB is 

normally +25 dBm from dc to 10 GHz 

and typically +23 dBm from 10 to 24 

GHz. The output IP3 is typically +33 

dBm from dc to 10 GHz and +31 dBm 

from 10 to 24 GHz. 

The CMD244 is rated for +15 dBm 

maximum input power. It’s also rated 

for maximum power dissipation of 2.4 

W and maximum thermal conductiv-

ity of 26.82ºC/W. As with the CMD242, 

the CMD244 die comes with a second 

gate-voltage connection for optional 

gain control. 

The GaAs MMIC distributed ampli-

fier die are passivated for protection 

from moisture, and all of the distrib-

uted amplifiers are impedance-matched 

for broadband use in 50-Ω applications. 

They are characterized for operating 

temperatures from −55 to +85ºC. Data-

sheets for the GaAs MMIC packaged 

amplifier and die are complete with 

assembly and application guidelines, 

including warnings about the potential 

damage to GaAs devices from electro-

static discharge (ESD). Datasheets for 

all of the distributed amplifiers can be 

downloaded from www.custommmic.

com/distributed-amplifiers/.  

CUSTOM MMIC, 300 Apollo Dr., Chelms-

ford, MA 01824; (978) 467-4290, www.cus-

tommmic.com.

A QUICK LOOK AT BROADBAND DISTRIBUTED GAAS MMIC AMPLIFIERS 

Model CMD240a CMD240P4a CMD242b CMD244

Frequency range DC-22 GHz DC-22 GHz DC-40 GHz DC-10 GHz 10-24 GHz

Gain 15 dB 15 dB 11 dB 17.5 dB 18.5 dB

Noise figure 2.2 dB 2.2 dB 4.4 dB 3.0 dB 4.0 dB

Output P1dB +19 dBm +19 dBm +18 dBm +25 dBm +23 dBm

Output IP3 +28 dBm +26 dBm +27 dBm +33 dBm +31 dBm

Input RL 18 dB 19 dB 18 dB 18 dB 15 dB

Output RL 15 dB 18 dB 18 dB 25 dB 15 dB

Supply current 80 mA 80 mA 100 mA 185 mA 185 mA

aTested at 10 GHz and +5 V dc drain voltage. 
bTested at 20 GHz and +8 V dc drain voltage. 

3. The CMD242 is a GaAs distributed ampli-

fier die with typical gain of better than 10.5 

dB across an impressive frequency range of 

dc to 40 GHz.

4. Model CMD244 is a GaAs MMIC distrib-

uted driver amplifier die with high gain from 

dc to 24 GHz. 
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I
f I only had a few more watts of power! That exclamation 

has no doubt haunted more than a few high-frequency 

engineers in RF/microwave laboratories for some time, 

as it’s typically followed by a search for an amplifier 

capable of boosting low signals to levels suitable for analysis.

In many cases, such an amplifier may be part of the MPA 

Series of test-and-measurement instrument amplifiers from 

Maury Microwave (www.maurymw.com). The test amplifier 

line covers some of the more popular high-frequency bands 

from 700 MHz to 26.5 GHz with high gain and as much 50 

W saturated output power. The amplifiers can drive signals of 

interest to levels suitable for testing with measurement equip-

ment such as a spectrum analyzer, scalar network analyzer 

(SNA), or a vector network analyzer (VNA). 

The durable instrumentation amplifiers leverage the capa-

bilities of gallium-nitride (GaN) power-amplifier (PA) mod-

ules to cover wide swaths of the total frequency range of 0.7 

to 26.5 GHz, including 0.7 to 6 GHz; 2 to 6 GHz; 2 to 18 GHz; 

6 to 18 GHz (see figure); 8 to 12 GHz; and 18 to 26.5 GHz. 

Available output power typically decreases with increasing fre-

quency. As much as 50 W saturated test signal power is avail-

able through 6 GHz, with up to 30 W test signal output power 

from 2 through 18 GHz, and as much as 5 W test-signal power 

from 18.0 through 26.5 GHz. 

The amplifiers include built-in protection circuitry that 

monitors key functions, such as fan status, temperature, and 

amplifier module current draw. An amplifier will power down 

to prevent damage when faults are triggered to prevent damage. 

The frequency breakdowns of the instrument amplifiers 

enable specifiers to focus on one or more frequency bands 

of interest. This helps to achieve test-signal power levels at 

microwave frequencies capable of applying real input-power 

stress to a device under test (DUT) at microwave frequencies. 

For example, model MPA-0G7-6G-50 is able to produce at 

least 50 W saturated output power from 0.7 to 6.0 GHz. It can 

handle input signal levels as high as +3 dBm without overload, 

and delivers at least 49-dB small-signal gain with ±4 dB gain 

flatness. It also has a manual 20-dB gain adjustment range for 

varying the amount of gain provided to a DUT. 

The MPA-0G7-6G-50, like the other members of the MPA 

instrument amplifier line, is constructed for high reliability, in 

a durable, rack-mount enclosure with generous heat fins and 

forced-air cooling to prevent heat buildup around the GaN 

active devices. It’s designed to function with worst-case input 

VSWR of 2.50:1, while holding second-harmonic levels to typ-

ically −15 dBc and spurious levels to typically −65 dBc across 

the frequency range. It withstands load VSWRs as high as 3.0:1 

while running at its rated saturated output-power level. 

For those not needing as much test power, the MPA-0G7-

6G-16 instrument amplifier provides at least 16 W saturated 

output power over the same 0.7- to 6.0-GHz frequency range. 

It has somewhat less (44-dB) small-signal gain and the same 

20-dB gain-control range. 

At the upper part of the frequency coverage, model MPA-

18G-26G5-5 achieves at least 5 W saturated output power 

from 18.0 to 26.5 GHz. The instrument amplifier features typi-

cal 37-dB small signal gain, with typical gain flatness of ±4 dB 

and a 15-dB gain control range. 

When less output power is needed over this upper-micro-

wave-frequency range, the model MPA-18G-26G5-1 instru-

ment amplifier provides 1 W output power with 30-dB small-

signal gain and 15-dB gain control range. Given the high test 

frequencies of the second harmonics, those levels are not speci-

fied for these two 26.5-GHz amplifier models, but they’re both 

rated for almost-negligible spurious levels of −65 dBc.  

TO READ the article in its entirety, go to www.mwrf.com.

When higher-level test signals are needed, these GaN-based amplifiers provide the 

power, with healthy output levels over broad bandwidths from 700 MHz to 26.5 GHz. 

Amplifiers Boost Test
Signals to 26.5 GHz

JACK BROWNE | Technical Contributor

Product Trends

The MPA line of instrumentation amplifiers consists of rugged 

rack-mount units based on GaN power transistors, all of which are 

capable of 50 W saturated output power at microwave frequencies, 

such as this 6- to 18-GHz unit.
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Two companies have joined forces to create a solution that makes end-to-end,  

over-the-air 5G testing a reality.

Solve 5G Test Challenges 
from End to End 

CHRIS DeMARTINO | Technical Editor

T
his past April,  the f ifth 

annual Brooklyn 5G Sum-

mit convened at the New 

York University (NYU) 

Tandon School of Engineering in Brook-

lyn, N.Y. The focus was on the latest 

developments in the realm of 5G com-

munications, which was brought into 

view through various talks and panel 

discussions. In addition, the exhibition 

featured several companies that demon-

strated impressive technology.

One demonstration was hosted by 

National Instruments (NI; www.ni.com) 

in conjunction with W2BI (www.w2bi.

com). Together, the two companies dis-

played an end-to-end 28-GHz test sys-

tem that can emulate both the 5G net-

work and the user equipment (UE). The 

test system integrates radio software lay-

ers with NI’s mmWave transceiver sys-

tem to enable end-to-end, over-the-air 

(OTA) 5G testing. One of the two PXI 

chassis represents a base station (gNo-

deB), while the other represents a UE 

(see figure).

James Kimery, director of marketing 

for RF, communications, and software-

defined radio (SDR) initiatives at NI, was 

present to talk about the demonstration. 

“The physical layer on both sides (net-

work and UE) was provided by NI and 

written in LabVIEW. What W2BI has 

done is integrate upper layers of the pro-

tocol stack. What that does is simulate 

the interaction between a UE and a base 

station at a very high level. This is almost 

exactly what 5G will be.

“The physical layer is a very close 

approximation of what the 5G New 

Radio (NR) physical layer will be. The 

upper layer is the closed-loop control 

of that communication. In this system, 

we have a phased-array antenna and a 

horn antenna. It is demonstrating some 

of the concepts of being able to switch 

the beams of both the transmitter and 

receiver to be able to get some charac-

teristics of the beams themselves. And 

because the system can run the proto-

col stack, the physical layer can be con-

trolled at a very high level.”

Kimery also pointed out that the test 

system offers closed-loop control capa-

bility. “This system offers closed-loop 

control, meaning it’s actually doing what 

a real base station or UE would do. The 

software itself is embedded in the FPGA 

physical layer platform and it runs real-

time.”

Another significant aspect of the over-

all test solution is the phased-array mod-

ule, which Kimery explained in more 

detail. “This technology was developed 

by Ball Aerospace in conjunction with 

Anokiwave. This is one of the only sys-

tems I’ve seen that has a phased-array 

antenna inside a test simulator.”

The headline of this year’s Brooklyn 

5G Summit was “Ready for Takeoff.” The 

latest developments in the 5G world—

such as what was described here—

showed why 5G may soon indeed be 

ready for takeoff.  

Technology Feature

This 28-GHz test system offers end-to-end capability, emulating both the network and the UE. 
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T
he ability to avoid ene-

my radar requires that 

modern fighter aircrafts, 

ships, and missiles have a 

very small radar cross section (RCS). 

Researchers and engineers are working 

on making these stealth objects rely 

on computational electromagnetics 

(EM) to optimize the RCS and scat-

tering effects of an arbitrary object 

using radars. An object exposed to EM 

waves scatters the incident energy in 

all directions. The energy that returns 

to the source of the EM wave, known 

as backscattering, is the “echo” of the 

object. The intensity of the radar echo 

is what we refer to as RCS.

Best practices use a sphere to cali-

brate radar systems because a sphere 

will return an echo signal back to the 

target that sent it. The RCS wavelength 

consists of three parts: the Rayleigh, 

Mie, and optical region. The Mie and 

optical regions are of particular interest, 

because the analytical solution of the 

RCS is well-known.

BACK TO RCS BASICS

A classic benchmark example of Mie 

scattering of a sphere is a great place to 

start when examining this problem. In 

the following example, a plane wave illu-

minates a metallic sphere in free space, 

and its RCS is computed. The geom-

etry consists of two concentric spheri-

cal shells (Fig. 1). The innermost shell, 

adjacent to the sphere, represents the 

free-space domain, and the second shell 

represents a perfectly matched layer 

(PML) region.

The PML is used to provide an 

approximate reflection-free termina-

tion of the free-space domain. If ana-

lyzed with a fine frequency resolution, 

this can turn into a time-consuming 

task. Fortunately, when an object is axi-

ally symmetric—such as a sphere, which 

scatters isotropically—the entire 3D 

object does not have to be analyzed. The 

cross-sectional blueprint can be suffi-

cient to analyze the EM wave propaga-

tion and resonant behavior of the object 

under certain circumstances.

To demonstrate the effectiveness of 2D axisymmetric modeling, the author presents a 

radar-cross-section (RCS) analysis that utilizes this modeling technique.

Fast Numerical Analysis 
of Scattering and 
Radar Cross Section

JIYOUN MUNN | RF Technical Product Manager, COMSOL 
www.comsol.com

Technology Report

1. The norm of total electric field and the time-averaged power flow are visualized with the 

geometry of a perfect electric conductor (PEC) sphere in free space modeled in COMSOL Mul-

tiphysics.
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SIZE MATTERS

The RCS characteristics are largely 

influenced by the electrical size and 

nature of the target subjected to the radar 

beam. As the target—the sphere in our 

case—decreases in size, moving from 

the optical region to Rayleigh region 

via the Mie area, asymptotic methods 

are not accurate enough to capture all 

of the physical phenomena. To achieve 

accurate results, we must analyze the 

problem by solving full-wave equations. 

Under these circumstances, the compu-

tational costs are quite high. To ensure 

efficiency is prioritized, we take advan-

tage of the 2D axisymmetric approach 

(Fig. 2).

The variation of the scattered field is 

minimal for electrically small targets. 

Alternatively, electrically large targets 

can result in different RCS character-

istics. Let’s assume that our sphere is 

metallic, meaning it will have a high 

conductivity. For this model, the sphere’s 

metallic surface is modeled as a perfect 

electric conductor (PEC).

All of the domain material is defined 

as a vacuum. The outermost domains 

are set to the spherical type of PMLs 

that absorb all outgoing waves. All of 

the simulation domains are excited by 

a circularly polarized background field, 

except for the PML area. The results of 

this reduced geometry representation 

are enough to describe the response of 

the original 3D geometry to the EM 

waves (Fig. 3).

UNDER THE HOOD OF 2D 

AXISYMMETRIC MODELING

The far-field calculation boundary is 

specified to compute the scattered field 

from the sphere illuminated by the back-

ground field. We set the azimuthal mode 

for this 2D axisymmetric model to one. 

The mesh operation is performed based 

on the wavelength of the maximum fre-

quency (200 MHz) used in the simu-

lation via the physics-controlled mesh 

functionality.

Through the physics-controlled 

mesh, the maximum mesh element size 

is set to 0.2 wavelengths (five elements 

per wavelength) to ensure sufficient res-

olution of the wave. The PMLs are swept 

along the absorbing direction. With the 

low degrees of freedom represented in 

the model, the simulation takes just a 

few seconds to compute.

The results plot provides the norm 

of the total electric field distribution 

around the sphere, which describes the 

sum of the background and scattered 

field and the far-field approximation 

of the scattered field. In addition, the 

polar plot gives the modeling special-

ist insight into the far-field pattern 

on a specific plane, while the 3D far-

field radiation pattern offers a clearer 

intuition of the scattered field (Fig. 3, 

again). These plots are the results of 

the circularly polarized background 

field illumination on a conducting 

sphere.

2. This figure shows background field settings of the scattered field formulation and 2D axi-

symmetric geometry that includes perfectly matched layer domains.

3. 3D far-field is visualized from a 2D axisymmetric simulation in COMSOL Multiphysics.
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3D ANALYSIS OF THE 2D  

AXISYMMETRIC SIMULATION

In the real world, the scattered field 

response of a 3D metallic sphere is 

studied using a linearly polarized 

plane wave. The linear polarization 

can be formed by adding both a right-

handed and left-handed circular 

polarization.

The 2D axisymmetric model is 

solved at m = 1 with the background 

field of left-handed circular polariza-

tion. The solution for the negative azi-

muthal mode with the right-handed 

circular polarization is easily extract-

ed from the already-solved left-hand-

ed circular polarization case based 

on the symmetrical properties of the 

model. The coordinate transforma-

tion from cylindrical to Cartesian 

coordinate is involved when visual-

izing the 2D results in the 3D space. 

By conducting the 2D analysis on one 

side and mirroring the solution to the 

other side, we can translate that infor-

mation into a 3D solution at a fraction 

of the computational cost.

The 1D plot of the RCS comparison 

shows a reasonable agreement between 

3D and 2D axisymmetric models (Fig. 

4). The small discrepancy is observed 

from the forward- and backward-scat-

tering responses, especially around the 

rotating axis.

Figure 5 shows the visualization 

of the 2D axisymmetric results in 

3D. The rotating arrows represent 

the circularly polarized background 

field illuminating the sphere. The 

deformed slice plot is the norm of the 

r-component of the background field. 

The surface plot of the sphere is the 

norm of the total electric field. The 

other arrow plot describes the super-

Radar Cross Section Analysis

E
fficient modeling techniques are critical to modern-day design 

and simulation engineers in the RF and microwave industry, 

regardless of the numerical analysis method used. The goal of simulation 

is to describe real-world devices and objects as close as possible through 

mathematical formulation. 

www.nuwaves.com

513.360.0800 
Middletown, OH

ADVANCE ADVANCE
Your MissionYYour Missionour Missiion

NuPowerTM Broadband Power Amplifers

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

NW-PA-11B02A 200 - 2600 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 20 100 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-05E05A 2000 - 2600 44 30 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 Amplifers

 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 Amplifers (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
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position of two circular polarizations 

that are equivalent to a linearly polar-

ized background field in 3D.

CONCLUDING REMARKS

Efficient modeling techniques are 

critical to modern-day design and 

simulation engineers in the RF and 

microwave industry, regardless of the 

numerical analysis method used. The 

goal of simulation is to describe real-

world devices and objects as close as 

possible through mathematical for-

mulation. The preferred method to 

reduce  computat ional  t ime is  to 

remove unimportant parts of an object 

that have negligible effects on the sim-

ulation results.

When simulating and analyzing axi-

symmetric objects such as spheres, as 

well as conical or dish antennas, the 

2D axisymmetric modeling approach 

offers orders of magnitude faster com-

putation compared to a full 3D model. 

The scattering of a linearly polarized 

background field, as well as the far-field 

radiation pattern of antennas excited by 

the TE11 circular waveguide mode in 

3D, can be extracted from the fast 2D 

axisymmetric simulations.

Addressing a simple shape, such as 

a sphere, may appear to be a quick and 

easy analysis until we realize the impact 

of the electrical size of the model in 

terms of wavelength. To maintain integ-

rity in modeling an electrically large 

real-world component, simplifying the 

simulation process without losing accu-

racy is possible by taking advantage of 

2D axisymmetric studies. 

JIYOUN MUNN is currently the Techni-

cal Product Manager of the RF Module at 

COMSOL. Munn is a senior member of the 

IEEE Antennas and Propagation Society, 

Microwave Theory and Techniques Society, 

and Electromagnetic Compatibility Society. 

He received his MSEE from the University 

of Michigan, Ann Arbor. He has published 

several papers and holds patents for anten-

na-interrogating systems.

4. RCS is compared between a full 3D model and a 2D axisymmetric model.

5. Here’s a 3D representation of a 2D axisymmetric model.
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W
ithout question, 5G wireless commu-

nications continues to dominate the 

headlines, as a host of companies are 

involved with the standard in some 

capacity. Last December, the non-standalone (NSA) 5G New 

Radio (NR) specification was released by the 3GPP. And very 

soon, the 5G standalone (SA) version will be completed.

“The 3GPP standards are specified in periodic releases,” 

explained Ken Karnofsky, senior strategist for signal pro-

cessing applications at MathWorks (www.mathworks.com). 

“Release 15 marks the start of the 5G standard. Release 15 has 

been further divided into two phases: 5G NSA (December 

2017) and 5G SA (June 2018).

“The 5G NSA specification introduces 5G NR radio access 

technologies that will work with the existing LTE network 

infrastructure,” Karnofsky added. “This will enable faster 

commercialization of 5G NR technologies. 5G SA will intro-

duce a new network architecture that will work alongside the 

LTE network.”

In terms of what this all means to MathWorks, Karnofsky 

noted, “Because the NSA standardization has been acceler-

ated, MathWorks is seeing a rapid shift from research to design 

of 5G radio access technologies across the supply chain. Meet-

ing the accelerated timelines calls for new tools and workflows 

to design and verify the highly integrated and adaptive signal 

processing, RF, and antenna devices in 5G NR.”

The accelerated standardization of 5G requires new tools and workflows to design 

and verify the highly integrated and adaptive signal processing, RF, and antenna 

devices associated with 5G New Radio (NR).

Tackle the Intricacies of 5G

CHRIS DeMARTINO | Technical Engineering Editor

Technology Report

MORE THOUGHTS FROM KEN KARNOFSKY

TO MEET EMERGING 5G mobile broadband requirements, RF and 

digital engineers must address system performance changes and 

partition designs between RF/analog and digital components.

As advanced radios integrate RF and digital technologies to a 

degree never seen before, RF and digital engineers need to under-

stand how the RF front end affects system performance. Moreover, 

they must know how to partition designs between RF/analog and 

digital components to meet the performance and efficiency require-

ments of emerging 5G technologies.

Emerging approaches are also adding fuel to the fire. Take, for 

example, technologies being developed for 5G, such as massive 

MIMO, mmWave, and the latest modulation schemes that require 

innovative combinations of new baseband technologies and RF 

architectures. Or consider IoT devices that require power-efficient  

RF modules to add wireless connectivity. These technologies only 

deepen the need for highly integrated design environments and 

flexible connectivity to prototyping and test hardware. 

Advances in technology are presenting certain challenges for 

design environments and prototyping and test hardware. These 

challenges have spurred advances in modeling and simulation 

software including improved integration of RF, antenna, and digital 

modeling and simulation; faster simulation of complex RF archi-

tectures to facilitate rapid design exploration; and connectivity to 

a range of SDR and RF test hardware to accelerate and lower the 

cost of prototyping and design verification.

New design architectures and algorithms will affect every aspect 

of 5G systems, from antennas to RF electronics to baseband algo-

rithms. The performance of these subsystems is so tightly coupled 

that they must be designed and evaluated together.

Shown is the resource grid for 5G downlink shared channel (PDSCH). 

The 5G NR physical layer supports flexible subcarrier spacing for wider 

channel widths and higher transmission rates. (Courtesy of MathWorks)
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THE 5G VISION

With the activity surrounding the 5G 

NSA and SA specifications, the vision 

for 5G is vast in scope. “The 5G vision 

aims to provide much faster mobile 

broadband service (>10 Gbps) for appli-

cations such as immersive video and vir-

tual reality,” said Karnofsky. “It also aims 

to provide ultra-reliable and low-latency 

(<1 ms) communication for safety-

critical applications, such as connected 

autonomous vehicles, as well as massive 

machine-type connectivity for Internet 

of Things (IoT) applications.”

Karnofsky added, “Release 15 address-

es only the first use case—enhanced 

mobile broadband service—so the prod-

uct development activity is concentrated 

in the mobile device and infrastruc-

ture supply chain. 3GPP is organizing 

working groups to study and define the 

requirements for the low-latency and 

machine-type use cases. Before those 

technologies mature, we will see cellular 

communications introduced into cars 

and IoT devices based on current LTE 

standards such as cellular vehicle-to-

everything (C-V2X) and NB-IoT.”

MATHWORKS’ 5G LIBRARY

MathWorks recently introduced its 

5G Library, which is a free, download-

able add-on for LTE System Toolbox. 

The 5G Library enables engineers to 

explore the behavior and performance 

of 5G radio access technologies as 

defined by the Release 15 3GPP NR 

standard V15.0 (see figure).

Included in the 5G Library are 5G 

channel models (TR 38.901) and physi-

cal layer algorithms defined in the ini-

tial 5G standard. It supports 5G Cyclic-

Prefix OFDM (CP-OFDM) waveforms 

with filtering and windowing tech-

niques for spectral shaping. The 5G NR 

frame numerology with flexible sub-

carrier spacing—as well as new chan-

nel coding schemes, such as LPDC and 

polar codes—are supported in the 5G 

Library. Another feature is the 5G link-

level simulation reference design, which 

enables designers to measure 5G link 

throughputs.

“The 5G physical layer will depart from 

4G LTE in a number of ways that improve 

spectral efficiency and data rates,” Kar-

nofsky explained. “One distinctive fea-

ture is a significant jump in the number 

of active antennas and antenna arrays, as 

well as the related issues of beamforming, 

millimeter-wave RF signal processing, 

and power amplifier (PA) linearization. 

“With the 5G Library and related tools 

for baseband, RF, and antenna design,” 

he added, “MATLAB provides a flexible 

framework development of proprietary 

physical layer algorithms, accelerating 

link-level simulations and automating 

verification of massive multiple-input, 

multiple-output (MIMO) antenna and 

RF designs.”  
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T
he explosion of wireless 

technology means that RF 

signals are literally every-

where. And that mass con-

gestion of RF exacerbates the problem 

of RF interference. And with more and 

more wireless devices permeating our 

lives, the possibility clearly exists for 

interference to affect the performance 

and reliability of the wireless technology 

across the board.

Tracking down where interference is 

coming from requires the right mix of 

tools and techniques. In this article, we’ll 

explain the premise of “interference 

hunting” by first discussing the different 

types of interference, and then get into 

the tools that can be used to detect it, 

supported by actual experiment results.

CATEGORIZING INTERFERENCE

RF interference is an issue that can 

lead to problems like dropped calls. 

There are three main types of inter-

ference.1 The first is co-channel inter-

ference, which occurs when multiple 

transmitters are transmitting signals on 

the same channel. Today, essentially all 

frequencies are being shared. The sec-

ond is adjacent channel interference, 

which is caused by signals that interfere 

with communication in adjacent fre-

quency channels. 

The third type is impulse noise, 

which can result from imperfect shield-

ing that allows energy to leak and inter-

fere with RF devices. In addition, noise 

can result from partial device failures, 

as well as other sources like industrial 

machinery.

DETECTING INTERFERENCE WITH 

REAL-TIME SPECTRUM ANALYZERS

Detecting interference typically 

involves using a spectrum analyzer. Today, 

suppliers offer both swept-tuned and 

real-time spectrum analyzers (RTSAs). 

While a traditional swept-tuned spec-

trum analyzer can be used for interfer-

ence detection, it does have certain limita-

tions when compared with an RTSA.

While wireless communication has become a part of everyday life, RF interference 

remains a headache. This article examines how interference can be detected using 

today’s test-and-measurement equipment.

These Tools Can 
Help You Defeat 

RF Interference 

Technology Report
CHRIS DeMARTINO | Technical Engineering Editor

1. A DPX display is based on a color-coded scale that represents how often signals are pres-

ent. The display shown reveals both WLAN and Bluetooth signals.
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Swept-tuned spectrum analyzers can 

display measurement data by continu-

ously sweeping across a given frequen-

cy range from the lowest to the highest 

frequency. This functionality allows 

measurement data to be displayed for 

each measurement step in the speci-

fied frequency range. Thus, a user 

can observe a spectrum display as the 

analyzer continuously sweeps across a 

range of frequencies. 

However, the sweeping functionality 

of a swept-tuned spectrum analyzer also 

affects its capability to measure interfer-

ing signals. Capturing an interference 

signal with a swept-tuned spectrum 

analyzer requires that signal be pres-

ent (i.e., in an “on” state) when the ana-

lyzer performs its measurement at the 

frequency of the interfering signal. But 

since a swept-tuned spectrum analyzer 

sweeps across a range of frequencies, 

the possibility exists that the interfer-

ence signal is not present (i.e., in an “off ” 

state) when the analyzer performs its 

measurement at the interfering signal’s 

frequency. 

Hence, an interfering signal that is 

present at some instances in time when 

the analyzer is sweeping also may not 

be present at the exact point in time 

when the analyzer performs a measure-

ment at that interfering signal’s fre-

quency. In this case, the interference 

signal would essentially be undetected. 

This scenario is obviously more likely 

when trying to detect short-duration 

signals.

RTSAs differ from traditional swept-

tuned spectrum analyzers, as they do 

not actually sweep across a frequency 

range. Rather they can continuously 

capture spectrum information for any 

span as high as the RTSA’s maximum 

real-time span. This capability enables 

RTSAs to capture short-duration sig-

nals, making them an essential tool for 

RF interference detection.

DIGITAL PHOSPHOR TECHNOLOGY

Digital Phosphor technology (DPX) 

is a feature that Tektronix (www.tek.

com) offers within its RTSAs (Fig. 1).2 

Like a traditional spectrum-analyzer 

display, a DPX display shows ampli-

tude versus frequency measurement 

data. However, a DPX display utilizes 

a color-graded feature, with the differ-

ent colors indicating the occurrence 

of a signal as data is being collected. 

In Tektronix’s SignalVu-PC software, 

which is used alongside the company’s 

RTSAs, the default DPX bitmap color 

option is Temperature. Therefore, sig-

nals that are present more often are 

represented by warmer colors, while 

cooler colors represent signals that 

occur less frequently.

Viewing a DPX display allows users 

to observe multiple signals at the same 

frequency. This capability makes it pos-

sible to see low-amplitude signals in the 

presence of higher-amplitude signals 

at the same frequency. In other words, 

signals buried underneath other signals 

can be revealed by a DPX display.

It is important to note that a DPX dis-

play is not limited by the RTSA’s real-

time bandwidth. When setting the span 

wider than the real-time bandwidth, 

the DPX spectrum display is created by 

stepping through multiple real-time fre-

quency segments.

RF INTERFERENCE TESTING

Now that we’ve discussed RTSAs and 

DPX displays, let’s briefly get into how 

RF interference can be measured in 

the field. To demonstrate interference 

testing, a measurement was conducted 

using the Tektronix RSA306B RTSA 

along with Alaris Antennas’ (http://

www.alarisantennas.com/) DF-A0047-

01 handheld wideband antenna (Fig. 2). 

The antenna covers a frequency range of 

9 kHz to 8500 MHz.

This measurement was performed 

outdoors in Forest Hills, N.Y., locat-

ed in the New York City borough of 

2. An antenna from Alaris Antennas was used with the Tektronix RSA306B RTSA for an inter-

ference-testing experiment.
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RF Interference 

Queens. The center frequency of the 

RTSA was set to 1935 MHz, while the 

span was set to 40 MHz. The anten-

na was pointed in the air to measure 

RF signals. The DPX display shows 

a higher concentration of RF energy 

around 1935 MHz (Fig. 3). We won’t 

break down into more-detailed anal-

ysis results here; still, the example 

illustrates how this type of testing can 

enable a user to track down an inter-

fering signal upon detection. In other 

words, if interference is detected, these 

tools allow one to simply attempt to 

walk or drive to the location of the ori-

gin of the interfering signal.

This demonstration is obviously just a 

starting point; similar equipment could 

be used to conduct much more exten-

sive interference detection tests. Tek-

tronix also offers other features, such as 

mapping and the Spectrogram display 

feature, which are beyond the scope of 

this article.

In conclusion, it’s imperative now 

more than ever that RF interference 

must be addressed. And as the Inter-

net of Things (IoT) continues to churn 

out more wireless products, detecting 

RF interference will grow in impor-

tance. Companies such as Tektronix, 

among others, offer the tools to help 

make interference hunting efforts a 

success.  

REFERENCES

1. Tektronix, Interference Hunting, Application note

2. Tektronix, DPX Acquisition Technology for Spec-

trum Analyzers Fundamentals, Primer3. This DPX display was the result of an outdoor measurement.
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Step 2: Construct the matrix X as 

[X1 X2 X3 ]� and initialize the demixing 

matrix W as:

w11 w12 w13

[w21 w22 w23   ]    
w31 w32 w33

[ [
Step 3: Centering of vector X as in 

Eq. 19: 

X = X – E{X}    (19)

Step 4: The whitening step, where the 

centered vector X is converted by linear 

transformation to a new vector with ele-

ments uncorrelated to each other. The 

transformed vector Z is expressed by 

Eq. 20:

Z = D-0.5ETX      (20)

Step 5: Compute the weighting-

update step for all the components of 

weight vector W1, W2, and W3 by iterat-

ing Eq. 16 for i = 1 to 3. 

Step 6: Perform symmetric ortho-

normalization to decorrelate the entire 

weighting vector W1X, W2X, and W3X. 

Step 7: Check for the stopping crite-

rion, {1 – min[abs(WWT)]} > ε. If satis-

fied, proceed to step 5. 

Step 8: Compute the recovered mod-

ulated signal from vector W by using 

Eq. 13. 

Step 9: Add the mean back to the 

recovered signal as in Eq. 21:

S + A-1m (21)

where m is the mean obtained in the 

centering step and A-1 is the demixing 

matrix. 

Step 10: The recovered modulated 

signal has the same signal information 

Overlapped SB-AIS Signals

(Continued from page 87)
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Connecting Minds. Exchanging Ideas.

The 2018 IEEE MTT-S
International Microwave Symposium

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 “fi re-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:

Lunchtime Panel session: “mmWave Radios in Smartphones: What they will look like in 2, 5, and 10 years”

“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 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

5G Summit Speakers:

For complete details on IMS and Microwave Week visit www.ims2018.org

• Spectrum/Regulatory
• Infrastructure/Trials, Applications
• Technologies, Circuits, Systems

• Design, Test & Measurement Challenges
• Test-bed Services for 5G

Enhance your IMS Experience with these

Join Us in

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:

http://www.ims2018.org


Physicians Panel Session:

Utilization of RF/Microwaves in Medicine, Thursday, 14 June 2018; Room 204B

Over the past three decades, collaboration between physicians and engineers has increased dramatically, to the 
benefi t of our society. Biomedical engineering departments, the majority of which found in engineering schools 
and some within medical schools, offer seemingly unlimited opportunities and continue to attract a large number 
of students. To benefi t from the merits of interdisciplinary cooperation and facilitate the transfer of technology to 
the market, existing large corporations, start-up medical companies, and research funding agencies now demand 
strong collaboration between engineers and physicians. With this in mind, IMS 2018 has made the subject of RF/
microwaves in Medicine a major theme of the conference. The physicians on this panel will discuss the use of
RF/microwaves in their respective fi elds. Topics ranging from microwave hyperthermia therapy for reoccurrences
of breast cancer, advances in RF renal denervation, to back pain management using RF, will be highlighted!

Panelists:

 1. Andrew Ng, Thomas Jefferson University Hospital, Philadelphia, PA
 2. Daniel Frisch, Thomas Jefferson University Hospital, Philadelphia, PA
 3. Donald Mitchell, Thomas Jefferson University Hospital, Philadelphia, PA
 4. Ernest Rosato, Thomas Jefferson University Hospital, Philadelphia, PA
 5. Eugene Viscusi, Thomas Jefferson University Hospital, Philadelphia, PA
 6. Francis Kralick, Neurological Surgery, Shore Medical Center, Brigantine, NJ
 7. Hamid RS Hosseinzadeh, School of Osteopathic Medicine, Stratford, NJ
 8. Mark Hurwitz, Thomas Jefferson University Hospital, Philadelphia, PA
 9. Nicholas Ruggiero, Thomas Jefferson University Hospital, Philadelphia, PA
10. William Jow, Medifocus Inc., Columbia, MD
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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.
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Overlapped SB-AIS Signals

as the original ship transmitted sig-

nal and can be demodulated through 

GMSK demodulator to recover the 

data. 

CHECKING RESULTS

The SB-AIS system architecture was 

simulated in a MATLAB- SIMULINK 

computer software environment. Even 

with a minimum difference of 0.0001 

for the ratios of the three signals, all 

three ship data packets were recovered 

by using the algorithm. The simula-

tion conditions, assuming one typical 

scenario as an example, are specified in 

Table 2. The mixing matrix can be a ran-

dom matrix and a maximum Doppler 

frequency of ±4 kHz, so each ship car-

rier frequency can vary by as much as 

480 ± 4 kHz.

In the simulation, source signals are 

three modulated GMSK signals with 

three different data sequences in Mes-

sage 1 format as recommended by 

ITU-R. The modulated signals of the 

ships are multiplied by mixing matrix A 

(Table 2, again) to obtain the mixed sig-

nal. The sample length of mixed signal 

X and recovered ship signals Y are both 

12401 in the simulation.

The novel approach successfully 

resolves AIS message collisions by 

means of signal processing. The tech-

nique of maximizing the cost function 

through iterative processing of time-

series data to retrieve the AIS messages 

is exploited as a reliable solution. 

The proposed innovative architecture 

incorporated with the blind source sep-

aration technique in a MATLAB/Simu-

link environment exhibits the capability 

to track a wide range of carrier frequen-

cy shift and has an excellent resistance to 

the path loss variations. The advanced 

receiver architecture can be implement-

ed as a suitable scheme for an SB-AIS 

with high detection probability of ships 

in the coverage area. 
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TABLE 2: SIMULATION CONDITIONS FOR 

SB-AIS ARCHITECTURE

Simulation parameter Parameter value

Data packet 1, data packet 2, data 
packet 3

Message format 1 (ITU-R)

GMSK modulation carrier 
frequency

480,000 Hz

Doppler-shifted frequency Ship 1: 481,000 Hz
Ship 2: 484,000 Hz
Ship 3: 482,000 Hz

Mixing matrix A based on path 
losses and antennae placement   0.92   0.95 0.86

  0.73   0.7489 0.7652 
  0.78   0.86 0.88[ [
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New Products

Broadband Amp Has Flat Gain from 50 kHz to 40 GHz

MODEL ZVA-403GX+ is an extremely broadband amplifer with outstanding gain fatness 

from 50 kHz to 40 GHz. Typical gain is 12 dB to 7.5 GHz, 11 dB to 30 GHz, and 10.5 dB to 

40 GHz, with typical gain fatness of ±1.5 dB across the almost-40-GHz bandwidth. The 

wideband 50-Ω amplifer also achieves excellent noise fgure, with typical performance 

of 6 dB from 50 kHz to 2 GHz, 4.5 dB from 2 to 7.5 GHz, and 4.0 dB from 7.5 to 26.5 GHz. 

The output third-order intercept point (output IP3) is typically +22 dBm from 50 kHz to 30 

GHz and +21 dBm from 30 to 40 GHz. The RoHS-compliant amplifer is supplied in a package measuring just 0.84 × 0.96 

× 0.36 in. with 2.92-mm coaxial connectors. It’s a single-amplifer solution for many applications, including 5G wireless 

networks, wired and satellite communications systems, test equipment, and fber-optic communications. It runs from a 

single +5-V dc supply and draws 100 mA typical current. Operating temperatures range from −10 to +85ºC  

MINI-CIRCUITS, P. O. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500, www.mini-circuits.com

Eight-Way Divider Spans 

0.5 to 2.0 GHz

EIGHT-WAY POWER-DIVIDER 

model APD-8-500M2G-SFF-30W 

is designed for broadband 

use from 0.5 to 2.0 GHz. It 

provides at least 20-dB isolation between ports with 

insertion loss of 1.5 dB or less. The VSWR is less than 1.40:1 

at the input port and less than 1.25:1 at the output ports. 

Amplitude balance between channels is better than ±0.4 

dB, while phase balance is better than ±0.4 deg. between 

channels. The right-way power divider measures 4.06 × 

4.25 × 0.39 in. and is supplied with female SMA connectors. 

It’s designed for operating temperatures from −55 to +85ºC.  

PLANAR MONOLITHICS INDUSTRIES INC., 7311-F Grove Road, 

Frederick, MD 21710; (301) 662-5019, FAX: (3010) 662-1731,

www.pmi-rf.com

Adapters Add Phase 

Tuning to Coaxial 

Cables

SMA PHASE ADJUSTERS 

are adapters that 

can be added to RF/

microwave coaxial cables 

to make critical phase 

adjustments at frequencies from dc to 18 GHz. The 

3993 series of phase adjusters provide a 10 deg./GHz 

phase adjustment range with maximum VSWR of 1.30:1. 

Model 3993-1 is SMA male to SMA female adapter, 

model 3993-2 is SMA male to RG-402 0.141-in.-diameter 

semirigid cable, and model 3993-3 is SMA male to RG-

405 0.085-in.-diameter semirigid cable.  

COAXIAL COMPONENTS CORP., 1501 S. Decker Ave., Unit 201, 

Stuart, FL 34994; (866) COAXICOM, www.coaxicom.com

Chip Antennas Fit Tight 3G/4G PCBs

THE INTEGRA AND INVERSA chip antennas are designed for use in 3G and 4G 

wireless applications requiring tight PCB spacing. The antennas are just 3.3 mm high 

and can work effectively even with a small ground plane. For PCBs smaller than 75 

mm in length, the antennas feature an additional active tuning circuit to overcome 

reductions in bandwidth from the limited ground plane. The antennas can work singly 

or in pairs for MIMO and diversity systems. The antennas are made in left and right versions for placement in left or right 

corners of a PCB. The Integra antennas cover 791 to 960 MHz, 1710 to 2170 MHz, 2300 to 2400 MHz, and 2500 to 2600 MHz for 

European markets, while the Inversa antennas cover 698 to 798 MHz, 824 to 960 MHz, 1710 to 2170 MHz, 2300 to 2400 MHz, 

and 2500 to 2690 MHz for global wireless markets.   

ANTENOVA LTD., Second Floor, Titan Court, 3 Bishop Square, Hatfeld, Herts AL10 9NA UK; +44 (0) 1223 810600, www.antenova-m2m.com

GaN Amplifer Powers 6 to 12 GHz

MODEL SSPA 6.0-12.0-100 iis a solid-state power amplifer (PA) based on GaN technology that’s capable of at least 100 

W output power from 6 to 12 GHz. The typical small-signal gain is 53 to 55 dB. The PA achieves a composite power-added 

effciency of 14 to 16% with the maximum CW output power. Maximum input VSWR is 1.50:1, while maximum output 

VSWR is 2.0:1. The amplifer can be blanked on and off in less than 10 μs. It includes reverse-polarity protection, output-

short and open-circuit protection, and over/undervoltage protection. Operating temperatures range from −40 to +85ºC.   

AETHERCOMM INC., 3205 Lionshead Ave., Carlsbad, CA 92010; (760) 208-6002, www.aethercomm.com
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New Products

SDPT SMT Switch Spans 100 MHz to 30 GHz

THE BROADBAND MODEL ADRF5020 silicon single-pole, double-throw (SPDT) 

RF/microwave switch covers a wide frequency range from 100 MHz to 

30 GHz with 2 dB or less insertion loss to 30 GHz, and 60 dB or more 

isolation between ports to 30 GHz. The tiny surface-mount-technology 

(SMT) switch handles power levels to +24 dBm in both its through and 

terminated signal paths, and has Class 1 electrostatic discharge (ESD) 

sensitivity according to the 1-kV human body model (HBM). The switch is capable 

of +28 dBm typical output power at 1-dB compression, with a typical third-order intercept (IP3) point of +52 dBm. Its 

switching speed is 15 ns to reach within 0.1 dB of a fi nal RF output level for a switched port. The nonrefl ective 50-Ω 

component is supplied in a 20-terminal, 3- × 3-mm land-grid-array (LGA) package.

ANALOG DEVICES INC., P. O. Box 9106, 1 Technology Way, Norwood, MA 02062; (781) 329-4700, (800) 262-5643, www.analog.com

Speedy Pulse Generator Passes 70-ps Rise Times

MODEL 765 IS a fast-rise-time pulse generator capable of rise times 

(20 to 80%) of better than 70 ps at +5 V dc and 50 Ω. It has two or four 

adjustable channels, with maximum repetition rate of 500 MHz per 

channel. The output voltage is fully adjustable with control via a 7-in. 

touchscreen display. The instrument is capable of producing advanced 

pulse sequences, such as double or quad pulse trains, with independent timing parameters. Pulse widths can be set 

from 300 ps to 1 second with 10-ps resolution. The instrument is able to be set to continuous, single, burst, gated, and 

external trigger modes for fl exible testing.

BERKELEY NUCLEONICS CORP., 2955 Kerner Blvd., San Rafael, CA 94901; (877) 938-1621, www.berkeleynucleonics.com

Probes and Positioner 

Check Circuits to 

20 GHz

A LINE OF FOUR ground-

signal-ground (GSG) 

and ground-signal (GS) 

test probes is supported 

by a precision RF PCB 

probe positioner. The 

probes are available for testing to 20 GHz with return loss 

of better than 10 dB. They feature gold-plated contacts 

and compliant coaxial GSG or GS pogo pins. The probes, 

which come with pitch of 800 or 1500 μm plus a 3.5-mm 

female coaxial interface, can be cable mounted. They 

can be used by hand, with or without a probe positioner. 

The probe positioner includes a magnetic mounting 

plate with on-off positioner switch. It provides multiple-axis 

positioning control for precise placement of the probes. 

PASTERNACK ENTERPRISES INC., P. O. Box 16759, Irvine, CA 

92623; (866) 727-8376,  (949) 261-1920, www.pasternack.com

GaAs MMIC 

Switches Control 

DC to 18 GHz

A PAIR OF GAAS

MMIC nonrefl ective 

switches help rout 

signals at high speeds 

from dc to 18 GHz. 

Model CMD235C4 

is a single-pole, fi ve-throw (SP5T) switch with typical 

insertion loss of 2.5 dB and port-to-port isolation of 40 dB 

at 10 GHz. Model CMD236C4 is a single-pole, six-throw 

(SP6T) switch with typical insertion loss of 2.5 dB across 

the frequency range and port-to-port isolation of 42 

dB at 10 GHz. Both switches have typical input 1-dB 

compression point (P1dB) of +21 dBm and switching 

speed of about 60 ns. They are housed in RoHS-

compliant 4- × 4-mm surface-mount packages. 

CUSTOM MMIC, 300 Apollo Dr., Chelmsford, MA 01824; 

(978) 467-4290, www.custommmic.com

Coaxial Attenuators Pad Signals to 50 GHz

RFMW LTD. has announced design and sales support for XMA Corp.’s 8582-6150-xx series of 2.4-mm, 50-GHz coaxial 

attenuators. The attenuators are available in standard attenuation values of 3, 6, 10, 20, and 30 dB, and handle power 

levels to +30 dBm (1 W). The VSWR for all attenuation models/values is 1.35:1 from dc to 26.5 GHz, 1.60:1 from 26.5 to 

40.0 GHz, and 1.75:1 from 40 to 50 GHz. The attenuators are designed for operating temperatures from −55 to +100ºC. 

XMA CORP. STOCKING DISTRIBUTOR, RFMW LTD., 188 Martinvale La., San Jose, CA 95119; (408) 414-1450, www.rfmw.com
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www.minicircuits.com

Product

SPOTLIGHTSPOTLIGHTSPOTLIGHT

Flexible Cables Make Stable
Measurements from DC to 50 GHz

M
ini-Circuits’ T50 Series Flex-
Test™ coaxial test cables 

provide low insertion loss with 
excellent phase and amplitude 
stability with f exure for test-and-
measurement applications from DC 
to 50 GHz. The cables employ a triple-shielded conf guration with 
unique molded boot for excellent shielding effectiveness (SE). They 
are terminated with stainless-steel 2.4-mm female connector at 
one end and stainless-steel 2.4-mm male connector at the other 
end, and available in 2- and 3-ft. lengths. The typical insertion loss 
(for a 2-ft. length) is 1.4 dB from DC to 18 GHz, 1.8 dB from 18.0 
to 26.5 GHz, 2.2 dB from 26.5 to 40.0 GHz, and 2.7 dB from 40.0 
to 50.0 GHz. The return loss for the same cable length is typically 
24 dB from DC to 18 GHz, 20 dB from 18.0 to 40.0 GHz, and 19 
dB from 40.0 to 50.0 GHz. The RoHS-compliant cables handle as 
much as 144 W at 2 GHz, 38 W at 26.5 GHz, and 25 W at 50 GHz. 

DOSCIS 3.1 Diplexer
Screens 5 to 1220 MHz

M
ini-Circuits’ model DPLB-
8510A04+ is a low-cost, 

75-Ω surface-mount diplexer with 
a total frequency range of 5 to 
1220 MHz. It has a lowpass band 
of 5 to 85 MHz and a highpass 
band of 102 to 1220 MHz, making it well suited for DOCSIS 3.1 
cable-television and multiband-radio applications. Passband inser-
tion loss for both bands is typically 1 dB or less. The diplexer pro-
vides stopband isolation of typically 48 dB between lowpass and 
highpass bands, with crossover isolation of typically 9 dB between 
the two bands. The RoHS-compliant diplexer measures 1.181 × 
1.181 × 0.280 in. (30.00 × 30.00 × 7.11 mm) and handles pow-
er levels to 1 W (+30 dBm). It is designed for operating tempera-
tures from -40 to +85ºC. 

Directional Coupler
Handles 20 W to 40 GHz

M
ini-Circuits’ Circuits’ model 
ZDC20-20403-K+ is a coaxial 

directional coupler that handles as 
much as 20 W power from 18 to 
40 GHz. It maintains 20-dB coupling with worst-case full band 
coupling f atness of ±1.3 dB and typical full band coupling f atness 
of ±0.8 dB. The coaxial coupler has typical directivity of 14 dB from 
18.0 to 23.5 GHz, 12 dB from 23.5 to 30.0 GHz, 11 dB from 30.0 
to 35.0 GHz, and 9 dB from 35.0 to 40.0 GHz. Mainline insertion 
loss is typically 0.7 dB to 26.5 GHz and 0.9 dB to 40.0 GHz. 
Return loss is typically 19 dB, from 18 to 40 GHz. The directional 
coupler measures 1.25 × 0.65 × 0.45 in. (31.75 × 16.51 × 11.43 
mm with female 2.92-mm connectors can pass as much as 3 A 
current from input to output. It has an operating temperature range 
of -55 to +100ºC.

Coaxial Termination
Extends DC to 65 GHz

M
ini-Circuits’ model ANNE-50E+ 
wideband coaxial termination 

absorbs power levels to 1 W (+30 
dBm) from DC to 65 GHz. The RoHS-
compliant, 50-Ω termination has 
typical return loss of 26 dB to 18 
GHz, 22 dB to 40 GHz, and 20 dB 
to 65 GHz for low ref ections while absorbing high-frequency 
energy. It measures only 0.69 in. long with 0.36 in. diameter and 
is equipped with 1.85-mm connectors which mate with 2.4-mm 
and V connectors. The wideband termination has an operating 
temperature range of -55 to +100ºC and is well suited for 
applications in test and measurement, military and aerospace 
systems, and broadband communications systems, including 5G 
systems. 

MMIC Gain Equalizers
Tackle DC to 6 GHz

M
ini-Circuits’ EQY-
Series Microwave 

Gain Equalizers 
are absorptive gain 
equalizers available with negative gain slopes of 1, 2, 3, 4, 5, 6, 8, 
and 10 dB for leveling the amplitude response of circuits from DC 
to 6 GHz. For example, a gain equalizer with 1-dB slope exhibits 
typical insertion loss of 1.57 dB at 10 MHz, dropping consistently 
to 0.39 dB at 6 GHz for leveling of broadband gain. Similarly, 
the input/output VSWR is typically 1.07:1 at 10 MHz, rising to 
typically 1.27:1 at 6 GHz. The tiny equalizers are fabricated with 
a highly repeatable, GaAs Integrated Passive Device (IPD) MMIC 
semiconductor process and supplied in miniature 8-lead MCLP™ 
surface-mount packages measuring just 2 × 2 mm. The RoHS-
compliant gain equalizers handle power levels to +31 or +32 dBm. 

Absorptive SPDT Switch Promises
10 Million Cycles from DC to 26.5 GHz

M
ini-Circuits’ model 
MSP2TA-26-12+ single-

pole, double-throw (SPDT) 
switch is a reliable fail-
safe absorptive switch that 
operates in break-before-make 
conf guration with low loss 
and high isolation from DC to 
26.5 GHz. The switch, which 
is guaranteed for 10 million 
switching cycles and handles as much as 20 W signal power, is 
designed for +12 V DC control. It features typical switching speed 
of 20 ms with low insertion loss of typically 0.25 dB to 12 GHz 
and 0.54 dB to 26.5 GHz. Isolation between ports is typically 80 
dB through 12 GHz and 65 dB from DC to 26.5 GHz. The rugged 
SPDT switch is ideal for use in test systems. It has an operating 
temperature range of -15 to +45ºC. 
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Introducing the new

The 4500C Peak Power Analyzer is the ideal tool for design, verifi cation and troubleshooting radar and

communication signals used in commercial and military, wireless communications and consumer electronics. 

With so many unique or best-in-class features and functionality, it addresses the challenges faced by design 

engineers analyzing noise-like and pulsed signals, enabling better characterized waveforms, reduced cost of 

test, and future proof investments.

Best-in-class performance, including:

• RF channel rise-time: < 5 ns

• Time Resolution: 100 ps

• Min Pulse Width / Max PRF: 6 ns

Introducing the new

4500C

Smaller in Size. Bigger in Performance.

www.boonton.com

Leaders in Power Measurement for more than 70 Years

Peak Power Analyzer

Featuring Real-Time Power Processing™

• 100 MS/s acquisition

• 100,000 measurements/s

• No measurement latency, no missed events, 
    no gaps in data

Visit Us at IMS Show Booth #932

http://www.boonton.com


Join the 
Next 5Generation
Mainstream 5G Cost 
Structures, Energy E�  ciency, 
Range and Form Factors

MACOM_Insert_10April_SinglePages_v2.indd   6 4/11/18   1:14 PM



Accelerating the sub-6GHz 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

ANT to TX Insertion Loss (PCB loss de-embedded)
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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

→

www.macom.com
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