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With a wide variety of Vector Network Analyzers (VNAs) to suit your application and budget, 

Anritsu has the perfect solution to your VNA needs. Anritsu has the perfect solution to your VNA needs. 

From RF to THz and value to high performance, Anritsu allows you to select the right VNA for From RF to THz and value to high performance, Anritsu allows you to select the right VNA for 

you. Designers can choose the VectorStaryou. Designers can choose the VectorStar® family for premium measurement performance 

while manufacturers can utilize the ShockLine™ family for speed and cost-effectiveness.while manufacturers can utilize the ShockLine™ family for speed and cost-effectiveness.

Our extensive range of VNAs now includes the NEW 2 or 4-port ShockLine performance  Our extensive range of VNAs now includes the NEW 2 or 4-port ShockLine performance  

line (with NEW E-band option) and the world’s frst 40 GHz USB VNA.line (with NEW E-band option) and the world’s frst 40 GHz USB VNA.

No matter what your application, Anritsu has your VNA needs covered. No matter what your application, Anritsu has your VNA needs covered. 

Learn more:Learn more: www.goanritsu.com/MWRFVNAwww.goanritsu.com/MWRFVNA

High performance VNAs for any applicationHigh performance VNAs for any application

1-800-ANRITSU  
www.anritsu.comwww.anritsu.com
© 2016 Anritsu Company© 2016 Anritsu Company

In the Lab   On the Manufacturing Floor   In the FieldIn the Lab   On the Manufacturing Floor   In the Field

VNA

http://www.goanritsu.com/MWRFVNA
http://www.anritsu.com


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
ISO9001-2008 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 – Fly Eye Radars

Threshold Detectors

USB Products

Planar Monolithics Industries, Inc.
Monopulse Comparators

PMI designs and manufactures a variety of coaxial monopulse compartors for 

beamforming antenna applications up to 26.5 GHz.  Form, ft and functional 

designs can also be replicated to specifc requirements.  Standard models with 

various options are available at PMI’s website (Link below)

http://pmi-rf.com/Products/monopulse_comparators/features.htm

Model: MPC-20R2G21R2G-CD-LNF 

8 Input Monopulse Compartor with Gain

Model: PMC-3G3D5G-6D8-SFF 

4 Input Monopulse Comparator

Model: PD-CD-001-1,  4 Way Phase Shift  
Power Divider with 0°, 90°, 180°, 270° Outputs

Package Size:  

3.23” x 3.23” x 0.43”

Connectors: SMA (F) 

Frequency 20.2 - 21.2 GHz

Gain 0 dB, 5 dB Nom. (Selectable)

Noise Temperature 

/Figure
100 K / 1.3 dB Noise Figure

Phase Balance ±3° Maximum

DC Supply
+12 VDC @ 700 mA,  

-12 VDC @ 100 mA 

Temperature -55 °C to +85 °C

Package Size:  

6.25” x Ø4.80” x 2.00” 

Connectors: SMA (F)

Frequency 9.3 - 9.9 GHz

Insertion Loss 8.0 dB Max. - Measured 6.97 dB Max

VSWR 2.0:1 Max. - Measured 1.60:1 Max.

Amplitude Balance ±0.5 dB Max. - Measured ±0.2 dB Max.

Phase Balance ±7.0° Max. - Measured ±4° Max.

RF Input Power 28 W CW, 750 W Peak

Temperature -32 ºC to +77 ºC Operating

Package Size: 

2.35” x 1.7” x 0.5”

Connectors: SMA (F)

Frequency 3.0 to 3.5 GHz

Insertion Loss 0.8 dB Max. - Measured 0.4 dB

VSWR 1.25:1 Max. - Measured 1.25:1

Isolation 23 dB Min. - Measured 25.052 dB

Amplitude Balance ±0.4 dB Max. - Measured ±0.2681 dB

Phase Balance ±5° Maximum - Measured ±3.2° 

RF Input Power 
Average: 11 Watt Max.  

Peak: 0.1 kW Max. 

Temperature -55 °C to +85 °C

Austin, Texas

October 30 – November 4, 2016

amta2016.org 

Booth: L01

Baltimore, MD

November 1-3, 2016

www.milcom.org 

Booth: 3004

mailto:sales@pmi-rf.com
http://www.pmi-rf.com
http://pmi-rf.com/Products/monopulse_comparators/features.htm
http://www.milcom.org


The Smart Choice
for Small Spaces

Coilcraft is the brand engineers trust most 

when specifying tiny inductors for wearable technology

WWW.COILCRAFT.COM

®

Boost the performance and battery life of 

your wearable products with these tiny 

RF and power inductors from Coilcraft:

• Wirewound chip inductors as small as 

0201 size for wireless communications

• Shielded power inductors as thin as 

0.71 mm for power management

• Coupled inductors as small as 2.2 x 

1.45 mm for LED display drivers

You can get started by using our suite 

of web tools to quickly locate the perfect 

inductors for your design. Compare and 

analyze multiple parts based on your 

true operating conditions, and then order 

free evaluation samples with just a click.

Learn why we’re the biggest name 

in ultra-miniature inductors. Visit us at 

www.coilcraft.com.

http://www.coilcraft.com
http://www.coilcraft.com
http://coilcraftdirect.com


MINIATURE

Variable

BROADBAND

Variable

HIGH-POWER

Variable

Innovative RF Variable Attenuator Products

L-3 Narda-MITEQ has the newest, most complete and dependable attenuator product line on the market 

today for demanding aerospace, defense and test applications. Our solutions include miniature, broadband 

and high-power products that are ready to ship now. 

• Miniature Variable Products – Low minimum insertion loss, small compact enclosures with an adjustable  

 attenuation range of up to 30 dB, and operational temperatures up to 105 ºC

• Broadband Products – Smooth continuous operation and an adjustable attenuation range of up to 20 dB

• High-Power Products – Up to 10 dB or 20 dB adjustable attenuation at power levels up to 500 W

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

Narda-MITEQ   L-3com.com

L-3 NARDA-MITEQ . ..DEPENDABLE

VARIABLE ATTENUATOR PRODUCTS

http://nardamiteq.com
http://l-3com.com
https://www.facebook.com/L3Com
https://www.linkedin.com/company/l-3
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LOWER COST SOLUTIONS HIGHER RF PERFORMANCE
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SWAP THEM WITH OTHER

SUPPLIER SWITCHES FOR 

BIG SAVINGS  

RF Switches

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

Please visit our Internet of Things site at www.skyworksinc.com/IoT

| Automotive

AEC-Q100 Qualifed 20 MHz to 3 GHz SPDT RF Switch: SKYA21001
For general purpose RF signal routing

AEC-Q100 Level 2 Qualifed 0.1 to 6 GHz SPDT Switch: SKYA21003
For 3G / 4G LTE / 4G LTE-A in-cabin, cellular telematics and general purpose RF signal routing

| CATV

Broadband 75 Ω CATV Low-noise Amplifers (40 MHz to 1 GHz): SKY65450-92LF, SKY65452-92LF
For terrestrial and set-top boxes, cable modems and gateways, personal and digital video recorders

High Linearity SPDT 75 Ω Switches (5 to 1800 MHz): SKY13547-490LF, SKY13548-385LF
For cable modems, set-top boxes, flter band switching and DOCSIS 3.1 confgurations

1218 MHz CATV MMIC Power Doubler: ACA1216
For HFC/FTTC node and ORM RF amplifers that require highest bit delivery efciency and low power consumption

| Connected Home

2.4 GHz ZigBee®/Thread/Bluetooth® Smart Front-end Module: SKY66112-11
For in-home appliances, smart thermostats, smart lighting, sensors and Internet of Things (IoT) devices

GPS/GNSS/GNSS Pre-flter + LNA Front-end Module: SKY65720-11
For GPS/GNSS/BDS receiver applications

| Wearables

Low-power Bluetooth® Low Energy Front-end Module: SKY66111-11
Range extension for ftness trackers, sport and smart watches

| Wireless Infrastructure

200 to 3800 MHz Ultra Broadband Low-noise Amplifer: SKY67159-396LF
For FDD and TDD 2G / 3G / 4G LTE small cell base stations, land mobile radios and broad market applications

High Linearity, High Efciency Small Cell Power Amplifer Modules: AWB71xx, AWB72xx
For picocell, femtocell, and customer premises equipment (CPE) applications

Wireless Connectivity Solutions for the Internet of Things

Visit Us at Electronica • Hall A4 Booth 557 • Munich, Germany • November 8-11, 2016

http://www.skyworksinc.com/IoT
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
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The Trusted Name in RF, Microwave 
& Millimeterwave ICs

Featured MACOM MMIC Devices

Application

SATCOMSATCOM

Test & MeasurementTest & Measurement

Aerospace & DefenseAerospace & Defense

Industrial, Scientifc & MedicalIndustrial, Scientifc & Medical

Wired BroadbandWired Broadband

FunctionFunction

Ka-Band Power AmpliferKa-Band Power Amplifer

Doubler Power AmpliferDoubler Power Amplifer

L-Band Power Amplifer ModuleL-Band Power Amplifer Module

Wideband Power Amplifer Wideband Power Amplifer 

Wideband Low Noise Amplifer Wideband Low Noise Amplifer 

Wideband DBL BAL MixerWideband DBL BAL Mixer

Octave Band VCOOctave Band VCO

Power Amplifer Power Amplifer 

Low Noise Amplifer Low Noise Amplifer 

Gain BlockGain Block

Variable Gain AmpliferVariable Gain Amplifer

Gain BlockGain Block

Very Low Noise AmpliferVery Low Noise Amplifer

Part NumberPart Number

MAAP-011289, 28 - 30.5 GHzMAAP-011289, 28 - 30.5 GHz

MAFC-011009, 28 - 30 GHzMAFC-011009, 28 - 30 GHz

MAAP-011060, 1616 - 1627 MHzMAAP-011060, 1616 - 1627 MHz

MAAP-011247, DC - 22 GHzMAAP-011247, DC - 22 GHz

MAAL-011141, DC - 26.5 GHz MAAL-011141, DC - 26.5 GHz 

MAMX-011036, 8 - 43 GHz MAMX-011036, 8 - 43 GHz 

MAOC-415000, 10 - 20 GHz MAOC-415000, 10 - 20 GHz 

MAAP-011232, 0.1 - 3 GHz MAAP-011232, 0.1 - 3 GHz 

MAAL-011129, 18 - 32 GHz MAAL-011129, 18 - 32 GHz 

MAAM-011206, DC - 15 GHzMAAM-011206, DC - 15 GHz

MAAM-011194, 45 - 1218 MHzMAAM-011194, 45 - 1218 MHz

MAAM-011220, 45 - 1218 MHzMAAM-011220, 45 - 1218 MHz

MAAL-011136, 45 - 1218 MHzMAAL-011136, 45 - 1218 MHz



Aerospace & Defense

Industrial, Scientific & Medical

Satellite Communications

Test & Measurement

Wired Broadband

Ka-Band 3 W Power Amplifer
Ideal for Satellite Communications
Psat (dBm) and PAE (%) vs Frequency (GHz)
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For over 60 years MACOM design and application experts 
have driven RF, Microwave and mmW innovation. Our engineers 
are delivering a new generation of wideband, high-performance 
MMICs for T&M, SATCOM, A&D, wired broadband and ISM 
applications.

Learn more and get datasheet:

www.macom.com/mmics

MACOM delivers a leading portfolio 
of high-performance DC to 100 GHz MMICs

Our 27 new MMIC products offer optimal performance, 
bandwidth, packaging and reliability to meet your most 
demanding requirements. New products include:

> High Linearity SATCOM PAs
> Wideband Amplifers & Mixers
> Single Bias LNAs & Gain Blocks
> Broadband VCOs
> V-, E- & W-Band Products
> mmW Switches
> Wideband Detectors
> Broadband 75 ohm Amplifers

MAAP-011289

http://www.macom.com/mmics


Flexible, Cost-
eFFeCtive solutions   
transForm the 
military seCtor 
http://mwrf.com/defense/gan-open-systems-low-swap-
platforms-transform-military-sector

To support current aerospace and defense systems, technology 
has moved beyond traditional constructs and iterations to 
completely new approaches and solutions. The RF/microwave 
industry faces the task of providing ever-advancing electronic-
warfare (EW) solutions while meeting size, weight, and power 
(SWaP) constraints.

the Power 
oF 5G on test 
requirements
http://mwrf.com/blog/power-5g-test-requirements

With Fifth-Generation (5G) wireless communications systems 

imminent, test-equipment designers and suppliers are carrying 

a heavy load. In fact, it’s no exaggeration to say that the  

expected needs of next-generation wireless networks are  

shaping the next generation of RF/microwave test equipment.

join us online

10 october 2016   microwaves & rf

on

twitter.com/MicrowavesRF     facebook.com/microwavesrf

a Primer on 
CirCulators 
and isolators 
http://mwrf.com/components/primer-circulators-and-isolators

Circulators and isolators are three-port passive electronic 

devices that are and absolutely essential for directing the fow 

of microwave signals in RF equipment and systems. Here’s 

everything you need to know about them.

From esoteriC teCh   
to market mainstay
http://mwrf.com/active-components/amplifers-heighten- 
performance-satisfy-next-wave

The pressing 
needs of today’s 
applications 
are prompting 
amplifer 
suppliers to 
deliver new 
products to 
meet current 
high-frequency 
demands. 
One specifc 
area that is 
now driving a signifcant amount of product development is 
small-cell infrastructure, which is a growing market. As many 
are turning to small cells to drive wireless networks, amplifer 
suppliers are launching new products in support of this need.  

Dielectric
(PCB)

Copper
strip line

To coax
connector

http://mwrf.com/defense/gan-open-systems-low-swap-platforms-transform-military-sector
http://mwrf.com/blog/power-5g-test-requirements
http://mwrf.com/active-components/amplifers-heighten-performance-satisfy-next-wave
http://mwrf.com/components/primer-circulators-and-isolators
http://mwrf.com
http://twitter.com/microwavesRF
http://facebook.com/microwavesrf
http://facebook.com/microwavesrf
http://twitter.com/microwavesRF


it will work here.

Soon it will be reality. A world connected as never before. 

Always available. Low latency. Ultra reliable. That’s the 

promise of 5G. New spectrum. New waveforms. Millimeter- 

waves. More. Keysight offers the world’s fi rst 5G simulation, 

design and test environment able to emulate your real-

world 5G wireless thesis. With deep expertise to help you 

navigate 5G risk and complexity. So you can go from 5G 

ideas to 5G reality faster.

Autonomous vehicles navigating through 
traffi c. Hands free.

HARDWARE + SOFTWARE + PEOPLE = 5G INSIGHTS

If your 5G idea works here...

© Keysight Technologies, Inc. 2016

US A: 800 829 4444   CAN: 877 894 4414

5GGet the latest app notes,
white papers and tutorials 
www.keysight.com/find/5G-Insight

http://www.keysight.com/find/5G-Insight


Mini-Circuits
®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com 537 rev org

$8,995each

 100W POWER AMPLIFIERS

Output power up to 100W with consistent performance across a wide frequency range for a fraction of the 

cost of competitive products!  Mini-Circuits’ new HPA-272+ high power rack mount amplifers are ideal for a wide 

variety of high power test applications including EMI, reliability testing, power stress testing, and burn-in of multiple 

units at once. This model provides 48 dB gain with ±1.7 dB gain fatness over its entire frequency range and 89 dB 

reverse isolation. Housed in a rugged, 19-inch rack-mountable chassis, the amplifer operates on a self-contained 

110/220V power supply and includes internal cooling, making it easy to use in most lab environments. Extensive 

built-in safety features include over-temperature protection and the ability to withstand opens and shorts at the 

output.* They’re available off the shelf for an outstanding value, so place your order on minicircuits.com today for 

delivery as soon as tomorrow!                   

*at 3 dB compression point. 

48 dB Gain, ±1.7 dB Flatness

700-2700 MHz

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

Technical Editor

chris.demartinol@penton.com

E
DI CON USA 2016 was held in Boston from Sept. 20 to 22, marking the first 

time the event took place here in the United States. The show had lots to 

offer in terms of both the exhibition as well as the wide variety of technical 

sessions. Many companies used this event as an opportunity to showcase their newest 

products, while the technical sessions covered a vast array of topics.

Among the technical sessions that I took in was one on 5G modulation-scheme 

candidates, presented by Kay-Uwe Sander from Rohde & Schwarz. The modulation-

scheme candidates he mentioned were orthogonal frequency division multiplexing 

(OFDM), filter bank multi-carrier (FBMC) with offset-QAM, universal filtered 

multi-carrier (UFMC), generalized frequency division multiplexing (GFDM), and 

filtered-OFDM (F-OFDM). While I won’t get into all the details here, this is defi-

nitely a topic under much investigation. With all of the talk surrounding 5G, we can 

surely expect to hear more about modulation schemes in the future.

Another technical session I decided to see was Dan Swanson’s presentation, 

“Intuitive Microwave Filter Design with EM Simulation.” In this session, Swanson 

described a design flow for both cavity and microstrip filters, demonstrating how to 

effectively use electromagnetic (EM) simulation. I thought this was a good presenta-

tion that could benefit anyone who is involved with microwave filter design.

Another point of interest was solid-state RF energy. Klaus Werner from the RF 

Energy Alliance spoke on this topic, discussing the future challenges and opportuni-

ties associated with solid-state RF energy. Magnetron-based microwave ovens have 

been in people’s home for so long, which is why it is difficult to imagine anything 

different. However, people like Werner believe that solid-state RF energy will even-

tually overtake magnetrons. Werner has high expectations for solid-state RF energy, 

as he believes the technology will soon reach a number of markets.

The exhibition floor was an opportunity for many companies to showcase their 

latest and greatest. A number of new products were displayed, some of which have 

already been featured by Microwaves & RF. In addition, I was able to see a nice 

demo from Mitsubishi Electric. The company proved that its gallium-nitride (GaN) 

technology can deliver 70 W of output power at Ku-band (13.75 to 14.5 GHz).

Lastly, those who missed EDI CON this year will have another opportunity. 

The event will once again return to Boston in 2017.  

EDI CON  
Achieves First-Pass Success

Editorial

join us online

become a fan at facebook.com/MicrowavesRF

twitter.com/MicrowavesRF

mailto:chris.demartinol@penton.com
http://mwrf.com
http://twitter.com/microwavesRF
http://facebook.com/microwavesRF
mailto:info@herotek.com
http://www.herotek.com
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Mini-Circuits
¨

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

   Listed performance data typical, see minicircuits.com for more details.

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

                                   UP TO 100 Watt

AMPLIFIERSAMPLIFIERSAMPLIFIERSAMPLIFIERS
  100 kHz to26.5 GHz  100 kHz to26.5 GHzNOW!

$$

995995ea. qty. (1-9)from

•

•

•

•
•

•

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

( W ) (W)

ZHL-100W-272+ 700-2700 48 79 100 7995
ZVM-273HP+ 13000-26500   14.5 0.5 0.5 2195
ZVE-3W-83+ 2000-8000     35 2 3 1295  
ZVE-3W-183+ 5900-18000    35 2 3 1295  
ZHL-4W-422+ 500-4200 25 3 4 1160
ZHL-5W-422+ 500-4200 25 3 5 1670

ZHL-5W-2G+ 800-2000   45 5 5 995
ZHL-10W-2G+ 800-2000   43 10 12 1295  
ZHL-16W-43+ 1800-4000     45 12 16 1595  
ZHL-20W-13+ 20-1000 50 13 20 1395  
ZHL-20W-13SW+ 20-1000 50 13 20 1445  

LZY-22+ 0.1-200 43 16 30 1495  
ZHL-30W-262+ 2300-2550     50 20 32 1995  
ZHL-30W-252+ 700-2500   50 25 40 2995
LZY-2+ 500-1000   47 32 38 2195  
LZY-1+ 20-512  42 50 50 1995  
ZHL-50W-52+ 50-500  50 63 63 1395  

ZHL-100W-52+ 50-500  50 63 79 1995
ZHL-100W-GAN+ 20-500  42 79 100 2395  
ZHL-100W-13+ 800-1000 50 79 100 2195
ZHL-100W-352+ 3000-3500 50 100 100 3595
ZHL-100W-43+ 3500-4000 50 100 100 3595

NEW!

•  Protected under U.S. Patent 7,348,854 

*Price Includes Heatsink

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

          super ultra wideband

AMPLIFIERS
Ultra wide coverage and super flat gain make our ZVA family ideal 
for ECM, instrumentation, and test systems. With output power up 
to 0.5 Watts, they’re simply some of the most usable amplifiers you’ll 
find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly 
constructed, and able to withstand open or short circuits at full 
output. For more details, from data sheets to environmental ratings, 
pricing, and real-time availability, just go to minicircuits.com!

 from

$8 5ea. up to +27 dBm output...  0.1 to 21 GHz 

440 rev S

       RoHS compliant

* Heat sink must be provided to limit base plate temperature.To order 
  with heat sink, remove “X” from model number and add $50 to price.

Electrical Specifications (-55 to +85°C base plate temperature)

Model   Frequency Gain   P1dB IP3     NF Price $ *
(GHz)   (dB) (dBm) ( dBm) (dB) (Qty. 1-9)  

ZVA-183WX+ 0.1-18 28±2 27 35 3.0 1345.00      
ZVA-183X+ 0.7-18 26±1 24 33 3.0 845.00   
ZVA-213X+ 0.8-21 26±2 24 33 3.0 945.00    

NEW

All models IN STOCK!

 0.1 0.7 0.8                   Frequency (GHz) 18    21

183W+

183+

213+

I I I I I

Wideband Performance

Mini-Circuits
®

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

http://www.minicircuits.com
mailto:sales@minicircuits.com
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Tel (805) 389-3224    Fax (805) 389-3629    sales@ciaowireless.com

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.

http://www.ciaowireless.com
mailto:sales@ciaowireless.com
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microstrip and stripline: 

a deeper diVe?

I thought your article “What’s the 

Diference Between Microstrip and Strip-

line?” (September 2016) was a decent 

overview, but I would have expected a 

bit more on the practical application 

diferences, especially regarding flters, 

amplifers, and directional couplers.

Because of the radiation problems 

of microstrip, it is necessary to take 

special precautions in the design of 

filters and amplifiers. It is unfortu-

nately easy for the input signal to 

jump right over the filter or amplifier 

layout through the air-space above the 

microstrip, thus leading to the com-

plications of undesired feedback in 

amplifiers, leading to instability, and 

insufficient rejection in filter struc-

tures. This may be a job for stripline, 

even though active devices may pres-

ent a mechanical problem.

Another special circumstance arises 

due to the non-uniform dielectric 

structure (substrate and air) in which 

microstrip propagation occurs, as 

you mentioned in the article. As a 

result of this non-uniform dielectric, 

coupled structures do not exhibit good 

directivity: the odd-mode and even-

mode in coupled lines are of diferent 

electrical length. A typical directional 

coupler in microstrip may only pro-

vide directivity of 13 dB or so, whereas 

a number like 30 dB is reasonably 

achievable in stripline.

However, there is a major advantage 

to microstrip where it can be used: 

you can mount components--even 

large components like power devices, 

right on the surface. In addition, as the 

product is in development, it is possible 

to tweak the design a bit by adding bits 

of copper foil in judicious locations in 

order to improve matching of active 

devices, or frequency response of flters. 

Te manufactured component then can 

incorporate these modifcations by add-

ing them to the artwork.

Te engineer desiring to utilize the 

advantages of microstrip may fnd that 

a judicious application of microwave-

absorbing material to the cover of 

the housing will provide considerable 

improvement to the output-to-input 

coupling problem.

Doug McGarrett

Editor’s NotE

 Thanks for taking the time to write, 

as well as for your thoughts. I think 

you are seeing what we editors face 

when trying to tackle a large topic like 

this in a short article. You definitely 

make me realize that there is a need 

for a follow-up story (or stories). 

Thanks again for reading and for your 

interest. 

Jack Browne

Technical Contributor

Feedback

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


Upgrade
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2GHz–14GHz, 0dBm LO Drive

  Info & Free Samples

    , LT, LTC, LTM, Linear Technology and the Linear logo are
registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.

www.linear.com/product/LTC5549

1-800-4-LINEAR

  Features

• +22.8dBm IIP3 at 12GHz

• 0dBm LO Drive

• Upconversion or Downconversion 

• −30dBm LO Leakage

• Tiny 3mm x 2mm Package

The LTC5549 microwave mixer upgrades your transmitter and receiver performance with a +22.8dBm IIP3 at 12GHz. 
Its 0dBm LO drive and an on-chip frequency doubler eliminate the need for an external LO power amplifier and allow 
use of commonly available low frequency PLL/synthesizers, reducing power consumption and solution costs — all in 
a tiny 3mm x 2mm package that keeps your solution size small.

Demo Board

25mm
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 (Image courtesy of BMW)

G
ermany’s largest automakers are preparing to upgrade 

their cars with a new generation of wireless technol-

ogy, and they have enlisted partners in radio infrastructure and 

semiconductors to help.

Audi, BMW, and Daimler said that they were partnering 

with two major chipmakers and telecommunications equip-

ment makers Ericsson, Huawei, and Nokia to develop and test 

the fifth generation of wireless technology, or 5G. They will 

also aim to built consensus around issues like protecting cars 

from hackers and the privacy of drivers.

The organization, which also includes American chip giants 

Qualcomm and Intel, has been created at a time of significant 

upheaval in the automotive industry. Car manufacturers are 

working on vehicles that not only collect data from sensors 

and cameras but also using wireless technology to broadcast 

and receive location data from other cars—data that could 

help alert drivers about other vehicles on the road or even 

automatically avoid collisions.

The organization will focus on the tricky task of connecting 

cars to infrastructure, and other cars. Many wireless compa-

nies are experimenting with this technology—also known as 

Vehicle-to-X or V2X communications—and not without rea-

son. In the United States, the Department of Transportation 

is considering rules that would require cars to broadcast their 

location to others on the road. 

But enabling cars to share data with other vehicles requires 

cellular networks that are faster and more reliable than what 

smartphone users are familiar with. That is where 5G net-

works enter the picture. These networks, industry executives 

say, will connect to cars almost instantaneously and be reliable 

enough to meet the strict standards of highway regulators.

Makers of Chips, Cars, 
and radio equipMent 
Join Forces to connect  
cars with 5G

(continued on page 22)
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The idea of meTamaTerials brings to mind comic book ele-

ments like Captain America’s vibranium shield or Wolverine’s 

adamantium claws. But metamaterials are not fictional. They are 

synthetic materials that bend things like radio waves in ways that 

don’t occur naturally.

One of the earliest applications for the technology is in radar 

systems. By applying voltages to an antenna built out of meta-

materials, engineers can actively control the direction of the 

radar beam. That makes the radar system cheaper and smaller 

than ones steered by mechanical parts or other electronics.

But many engineers are not ready to stop using conventional 

materials to achieve similar results.

Last month, for example, scientists reported that they had 

built a new type of electronically-steered radar antenna. Writing 

in the Journal of Applied Physics, a team from the University of 

Wisconsin-Madison said that they had used a reflective antenna 

to bend radar beams in different directions.

The new technology brings together mechanical and elec-

tronic steering. A transmitter sends radio waves through an 

array of reflective antennas, which directs the radar beam 

depending on how the transmitter is tilted. The scientists are 

calling it a macro-electromechanical system (MÆMS)—a play 

on micro-electromechanical systems, or MEMS, which are 

widely used in sensors that react to tiny alterations in pressure 

or radio waves.

The team stressed that it will not use bulky mechanical rigs 

or specialized circuitry. “Our approach doesn’t depend on 

exotic materials that bend the laws of physics,” Nader Behdad, 

the electrical engineering professor who led the research, said 

in a news release.

“We’ve found a practical way to achieve beam steering that 

the antennas field has largely overlooked,” he added.

Radar systems locate and track objects by emitting radio 

waves and measuring the reflected signals. Some of the most 

advanced systems use electronics to direct radio waves without 

having to mechanically point the antenna in different directions. 

But these antennas normally use expensive and bulky electron-

ics, known as phase shifters, to steer the radar beams.

The phase shifter’s bulkiness and cost have largely kept elec-

tronically-steered antennas out of commercial applications, like 

drones or automated driving systems. They are mostly reserved 

for defense applications, like fighter jets. Raytheon, for example, 

has developed an active electronically scanning array (AESA) 

system, which can track multiple objects, like ballistic missiles, 

at the same time. Lockheed Martin and Boeing are two other 

companies that make AESA radars.

What sets the MÆMS technology apart is that it doesn’t 

need solid-state devices or phase shifters integrated into the 

aperture of the antenna. The result, according to the scientists, 

is a radar system that can detect objects faster than mechani-

cal radars used on airplanes and ships.

“In defense situations, you need to detect incoming objects 

where you are going very quickly,” said John Booske, another 

electrical engineering professor that worked on the project, 

which received $1.1 million in funding from the United States 

Office of Naval Research.

“The ability of a mechanical rig to move a big, heavy para-

bolic dish back and forth limits how quickly you can respond to 

potential threats,” Booske added.

ScientiStS Steer radar BeamS with Slight Change of Perspective

A team from the University of Wisconsin-Madison said that they had used a reflective antenna to bend radar beams in different directions.

(continued on page 24)

http://mwrf.com


22 OCTOBER 2016   MICROWAVES & RF

News

The 3G Partnership Project, an industry group that maintains cellular stan-

dards, has already completed a V2X standard, which will be released as part of a 

larger standard in 2017. 5G, industry analysts say, will likely appear in 2020.

But there are other technologies for connecting cars in the works. While 5G 

will have to share the airwaves with smartphones and other devices, a technology 

known as dedicated short range communications, or DSRC, has been developed 

specifically for cars. Several Silicon Valley startups like Autotalks and Savari spe-

cialize in making hardware and soft-

ware based on the standard.

By sharing location data with other 

cars on the road, for instance, Savari’s 

software can warn drivers of a pos-

sible collision or when other vehicles 

creep into blind spots. Paul Sakamoto, 

chief operating officer at Savari, said 

in an interview earlier this year that 

hardware in smartphones can be pro-

grammed to share the short-range data, 

so that drivers can avoid pedestrians 

with a phone in their pockets.

Rapidly and reliably sharing data is at 

the heart of automakers’ big data proj-

ects. Last week, the three German auto-

makers said that they would use a new 

service from digital mapmaker Here. It 

will warn drivers about accidents and 

locate parking spaces by pooling data 

from cameras and sensors inside hun-

dreds of thousands of cars. That data 

will be sent wirelessly into the cloud 

and redistributed in real-time.

The new partnership will also exam-

ine privacy and security regulations, 

in response to rising concerns about 

how data from vehicles will be used. 

In August, U.S. lawmakers sent a letter 

urging the Federal Communications 

Commission to create privacy rules for 

connected cars. The letter expressed 

fears that data could be misused for tar-

geted advertising – like what Google 

and Facebook are doing on the inter-

net – which could appear on dashboard 

displays and billboards.

To help address these concerns, 

industry executive say that companies 

need input from multiple industries. It 

is necessary to “work closely together 

with the car industry to jointly develop 

solutions as well as provide input to 

regulation, certification, and standard-

ization,” said Ulf Ewaldsson, Ericsson’s 

chief technology officer, in announcing 

the new organization.

Audi’s Christoph Voigt will serve as 

the chairman of the 5GAA’s board. The 

3GPP’s Dino Fiore will be the director 

general of the organization, according 

to a statement.

(continued from page 20)
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The new antenna works by focusing microwave signals through an array of reflective 

patch antennas. To focus the signal into a beam, it alters the electronic properties of the 

individual elements in the array. In addition, the individual elements can be tuned to act 

like a phase shifter and direct the radar beam.

The approach is similar to phase-varied array antennas, the team said. These systems 

are made up of miniature transmitters that each emit a fraction of a signal, which adds up 

to a single beam. By altering the electronic properties of each individual part, the antenna 

can steer the radio beam.

The MÆMS array is also built out of many individual elements. The difference, according 

to the scientists, is that it uses a single transmitter instead of many partial ones. There is a 

drawback to this design: it is more difficult to tune the antenna and shape the radar beam.

The scientists found the solution in the mechanical motion that they had originally tried 

to eliminate. They discovered that tilting the ground plane underneath the antenna array 

would tune all the elements simultaneously, directing the radar beam.

Though the MAEMS device is mechanical, the small tilting movement requires less time 

and force than turning a large reflector dish.

A prototype based on the research showed that slight tilts (around 0.05λ) in the ground 

plane could steer the beam +/- 10 degrees in two dimensions. Another prototype with the 

ground plane segmented into multiple parts was shown to steer beams +/- 30 degrees.

“Luckily for us, in order to do beam-steering, we really don’t need to individually tune 

each element,” said Behdad. “All we need to do is create a gradient and we can do that by 

simply tilting the ground plane.” n

(continued from page 21)

In 1944, the United States Army Signal Corps started paying scientists to study materials 

that could be used in radio equipment. The first substance under investigation was known 

as barium strontium titanite (a powdered ceramic) which is capable of being altered when 

shocked with an electric current.

The researchers gave the material a lukewarm review. It could be made into delay lines 

and filters operating at microwave frequencies, they wrote in a report, but fabricating the 

material to jump between frequencies  

posed a significant challenge. Fast forward 

sixty years and engineers are still struggling 

with it.

Now, researchers from the Univer-

sity of California, Santa Barbara, recently 

announced a new method for shaping the 

barium compound into circuits – ones that 

can be reconfigured to access multiple fre-

quencies. By reducing the amount of heat 

radiated from the material, the researchers 

were able to create smaller and more  

efficient circuits.

The work, which was based out of the 

UCSB Materials Research Lab, and which 

appeared in the journal Applied Physics Let-

ters, breathes life into a material considered 

Tunable anTenna CirCuiTs  

(continued on  page 26)

 (Image courtesy of University of California,  

Santa Barbara, and Applied Physics Letters)
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defective by chip industry standards. The material is only used in a 

small number of wireless capacitors, which are paired with antennas 

to tune into different frequencies.

But the barium compound has potential. It could be used “to cre-

ate tunable antennas for cellular communications, which allows a 

small antenna to be tuned over a wide frequency range or enables a 

phone to adapt to different surroundings for improved efficiency and 

battery life,” said Robert York, an electrical engineering professor, in 

an article published with the research.

He also suggested the material could be used to create phase-

shifters for phased-array antennas in satellite communications.

Materials like barium strontium titanate are known for having 

high dielectric constants, meaning that they can be adjusted with a 

pulse of high voltage electricity. The National Institute of Standards 

and Technology, which sponsored the research in 1944, is studying 

dielectrics to enable satellites and smart-

phones to tune into precise frequencies. 

Many chipmakers like Intel and Samsung 

are eyeing the materials to shrink computer 

circuits toward the atomic level.

These qualities have been both a 

blessing and a curse. The material’s large 

dielectric constants “present fabrication 

challenges because the inherently high 

capacitance density of the films requires 

smaller electrode dimensions and finer 

lithography than many typical integrated 

capacitor structures,” said York. 

To manufacture the circuits, the 

researchers tweaked a widespread process 

for making compound semiconductors 

called molecular beam epitaxy (MBE). They 

were able to recalibrate the process to 

reduce current leakage, while keeping the 

circuits clean of contaminants.

The researchers also discovered that 

barium strontium titanite was weirdly sus-

ceptible to contamination, and that was 

probably a reason why engineers had 

struggled to increase quality over the years. 

Imperfections are also caused by high tem-

peratures and oxygen involved in traditional 

manufacturing.

Once the researchers adjusted the 

fabrication process, the capacitors oper-

ated over a wide frequency range. When 

a prototype was embedded in a metal 

waveguide, the researchers found that it 

scattered radio signals from 100 MHz to 

40 GHz.

If the material is to be used practically, 

the process and circuit design will need 

improvements, York said. But “the infra-

structure for deposition and fabrication 

already exists within most semiconductor 

foundries,” he said, “so the timeline for 

exploiting this advance could be relatively 

short compared to the typical timeline for a 

materials advance.” n

(continued on page 24)
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Jeff Shamblin,

TRACK 

How has the approach to developing antenna solutions 

changed in the last five or 10 years?

Shamblin: Antenna design for consumer and commercial 

applications has undergone a few significant changes. One 

has been to put more emphasis on a system-level approach 

for the antenna system, where the antenna is designed for 

optimal RF system operation and for operation in conjunc-

tion with the many sensors that now populate a consumer 

mobile device, such as proximity sensors. A system-level 

approach is important to optimize the four to six antennas 

that now populate a smartphone, where isolation and corre-

lation between the multiple antennas will, to a large extent, 

dictate the data rate that can be achieved, the quality of a 

voice call, or the accuracy of an embedded GPS receiver. 

A second change involves designing the antenna system for 

the specific use cases that will likely be applied to the mobile 

device. For example, antenna performance can be optimized 

for a hand-loading condition for a smartphone, or a body-

loading condition for a wearable fitness tracker.

What are some of the challenges in terms of developing 

antennas for  cellular communications?

Shamblin: The increased number of cellular bands dedicated 

to LTE systems along with carrier aggregation, where two 

or more frequencies are aggregated to improve communi-

cation-system throughput, have added complexity to the 

multiple-input, multiple-output (MIMO) antenna system in 

a smartphone. Also, the trend to bring 2 × 2 MIMO at Wi-Fi 

frequencies to the smartphone requires the integration of 

additional antennas into a small, compact volume. 

Interview by CHRIS DeMARTINO, Technology Editor

Chief Scientist, Ethertronics

GO TO MWRF.COM 27

Inside

Jeff Shamblin, Chief Scientist at Ethertronics, is responsible for overseeing all 

research and development projects for the corporation. Prior to joining 

Ethertronics, Shamblin worked for two RFID startup companies: 

SCS Corp. and Claridy Solutions. He has also served as an antenna 

consultant, providing design and analysis services to several wireless 

startups in the Southern California area. On top of that, Shamblin 

spent more than 20 years in antenna design and development in the 

aerospace industry at Lockheed Martin and Northrop Grumman. 

He holds seven patents related to antenna technology. Shamblin 

earned his bachelorÕs degree in physics from California State 

University, Northridge.

“Interference mitigation will become 
more important as a larger number 
of RF-enabled devices are installed in 
homes and businesses.”
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Wi-Fi has advanced significantly 

over the years, and it continues 

to transform. How will that affect 

antenna design—both now and in 

the future?

Shamblin: The main affect will be 

an added requirement to integrate 

a larger number of antennas into a 

device as higher orders of MIMO 

are brought to bear to increase data 

rates. Wi-Fi routers today will typi-

cally have three or four antennas 

installed to provide 3 × 3 or 4 × 4 

MIMO capability—and 8 × 8 MIMO 

will soon be available for the Wi-Fi 

market.

Tell us a little bit about Active 

Steering technology.

Shamblin: Ethertronics has de-

veloped a technique to generate 

multiple radiation patterns from a 

single antenna structure. A small-

form-factor antenna, along with 

a four-port switch and algorithm, 

comprise an Active Steering antenna 

system. The radiation pattern of the 

single antenna can be dynamically 

changed. The proprietary algo-

rithm accesses a metric from the 

baseband processor—for example, 

SINR or RSSI. This metric is used 

to determine the radiation mode for 

optimal throughput. The end result 

is improved throughput and a more 

reliable communication link for cel-

lular and Wi-Fi applications.

How have antenna testing require-

ments changed throughout the 

years?

Shamblin: In the cellular industry, 

handset antenna requirements have 

progressed from tracking radiation 

patterns and efficiency for 2G/3G 

systems to tracking total radiated 

power (TRP) and total isotropic 

sensitivity (TIS) performance for 

3G systems. Requirements now 

include isolation and envelope 

correlation coefficient for 4G 

MIMO antenna systems. Another 

change has been to measure and use 

system-level performance met-

rics, such as throughput in Wi-Fi 

systems, to optimize the antennas 

during the antenna integration 

process.

What challenges will the Internet of 

Things (IoT) bring to antennas?

Shamblin: Interference mitigation 

will become more important as a 

larger number of RF-enabled devices 

are installed in homes and business-

es. Reliability of the communication 

link will also be important for this 

plurality of IoT devices to allow for 

continuous and seamless monitoring 

of a wide variety of devices. Ether-

tronics’ Active Steering technology 

will be able to assist in decreasing 

interference, as well as making the 

RF communication links more reli-

able by bringing antenna diversity to 

each antenna port.

What impact do you think 5G will 

have on antenna development?

Shamblin: Some 5G implementa-

tions will require millimeter-wave 

antenna systems integrated into 

handheld and mobile devices, and 

these millimeter-wave antennas will 

require different manufacturing 

techniques to maintain tolerances 

and allow for better material selec-

tion. Millimeter-wave applications 

will require better control of the 

radiation pattern in comparison to 

3G and 4G systems. 

Another impact that will affect 

5G systems at both sub-10-GHz and 

millimeter-wave frequencies will be 

the use of higher orders of MIMO 

to drive higher data rates. The need 

to integrate a larger number of 

antennas in a device where isolation 

and envelope correlation must be 

designed will create more difficul-

ties in antenna-system design. Good 

antenna-system design practices will 

be required for optimized 5G com-

munication systems. 
www.SourceESB.com
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C
ommunications systems and other high-

frequency electronic systems are now leveraging 

multiple-element antenna arrays rather than single 

antennas and advanced computer-modeling techniques to 

fine-tune physical designs. On that front, a group of research-

ers from China’s Wuhan University applied mathematical 

modeling and modern sensing and sampling methods to op-

timize beamforming under various array element conditions. 

Beamforming is an important part of array signal processing 

in many applications, including radar, sonar, and satellite-

communications (satcom) systems. 

The researchers employed convex constrained optimi-

zation and compressed-sensing beamforming (CCOB-CS) 

models and an orthogonal matching pursuit (OMP) approach 

to achieve high mainlobe gain and low sidelobes with the aid 

of MATLAB mathematical-based computer modeling soft-

ware from MathWorks (www.mathworks.com). 

Conventional beamforming (CBF) methods provide 

good directional resolution and rejection of interference 

under stationary conditions. When spatial signals are con-

stantly changing, however, the steering vector of the desired 

signal will deviate, leading to signal error problems. Some 

of the limitations of CBF methods have been confronted by 

adaptive beamforming methods using neural networks to 

dynamically steer the main beam towards the desired sig-

nal. But the approach is relatively slow and requires a large 

amount of processing power, with compromises in beam-

forming gain. 

The new beamforming optimization approach involves 

using an analog-to-digital converter (ADC) in the direction 

of moving signals to take a few samples for analysis. By using 

a small number of low-dimensional snapshots to accurately 

reconstruct the original signal, the approach can provide suit-

able gain without requiring a large amount of digital process-

ing power. 

In a scenario with little change, an ADC can capture a 

statistically valid number of samples to construct a good co-

variance matrix. But when changes become more frequent, 

the number of samples required to reconstruct the sampled 

signals increases dramatically, requiring gigasample-per-

second sampling rates. For an array assumed to be a linear 

array, the direction of arrival (DOA) will change when the 

linear array is moving in a circular fashion as well as chang-

ing in angular velocity. 

The research team focused their beamforming improve-

ments on satellite signals, specifically on the Global Navi-

gation Satellite System (GNSS), hoping to protect desired 

signals from loss and interference. To overcome estimated 

errors in the DOA of the satellite signals, the steering vector 

is estimated by the multiple-signal-classification (MUSIC) 

principle. Using an optimization equation, it is possible to 

obtain the best estimated value of the steering vector for the 

desired signal.  

For further details, see “A Novel Beamforming Tech-

nique,” IEEE Antennas & Propagation Magazine, Vol. 58, No. 

4, August 2016, p. 48. 

InnovatIve Model leads to novel beaMforMIng technIque

cIrcularly polarIzed reflectarray serves Ka-band systeMs

A broAdbAnd, circulArly polarized refectarray (RA) has been developed for Ka-band radar and satellite-communications 

(satcom) applications. The printed-circuit refectarray, which measures 25 × 25 RA with physical size of 90 × 90 mm2, con-

sists of two dielectric substrate layers attached by adhesive. The lower substrate is Duroid 5880 circuit material with dielectric 

constant (Dk) of 2.2, and the upper is Duroid 6010 circuit with Dk of 10.2, both from Rogers Corp. (www.rogerscorp.com). An 

international team of researchers from Egypt, France, China, and the University of Mississippi, Oxford, coordinated their ef-

forts on the compact array’s development by creating a unit cell and then optimizing it for best radiation pattern performance 

throughout the array.  

The RA and its unit cell were simulated with the aid of the Microwave Studio wcomputer-aided-engineering (CAE) software 

from Computer Simulation Technology (CST). It predicted the effects of signal-incidence angle on the RA’s performance as 

well as the effects of air holes and metallic plated viaholes on the multiple-circuit-board RA structure. 

The software was also used to design a dual-mode, circularly polarized feed horn for the RA. The dual-mode feed 

horn uses separate coaxial connectors for left-handed circular polarization (LHCP) and right-handed circular polariza-

tion (RHCP). The RA was designed as a broadside radiator with a design frequency of 30 GHz. Simulations of radiation 

patterns agreed closely with measurements at microwave and millimeter-wave frequencies (from 27 to 35 GHz) made on 

commercial test equipment. 

See “Ka-Band Circularly Polarized Refectarray,” IEEE Antennas & Propagation Magazine, Vol. 58, No. 4, August 2016, p. 60.

http://www.mathworks.com
http://www.rogerscorp.com
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Although concerns and challenges exist, the RF/

microwave industry is continuing to provide stable 

salaries along with high job satisfaction.

All Quiet on the 

Compensation Front

The survey responses also demon-

strated the need to bring young engi-

neers into the industry. Just over 40% 

of respondents are age 60 or older, with 

an average age of about 53. With many 

engineers approaching retirement, the 

industry clearly needs a next genera-

tion of engineers who will continue 

to drive RF/microwave technology in 

the future.

INFORMATION EVERYWHERE

Keeping up with the latest tech-

nology is another common theme, 

proving that an engineering career 

involves lifelong learning. Many of 

those surveyed continue to educate 

themselves in various ways. White 

papers, publications, webcasts, and 

seminars were the most commonly 

used forms of education. Other meth-

ods include engineering videos, text-

books, and more. 

One prevalent challenge among 

respondents is finding the time to stay 

current with engineering information. 

Moreover, some expressed dissatisfac-

tion regarding the quality of published 

information. 

One respondent stated, “There is too 

much information on the web. Often 

times, this information is vague, not 

detailed, or is inaccurate. The chal-

lenge is to verify and validate the 

information.” Another noted, “Much 

of the information is veiled advertis-

ing. Products are often made to seem 

better—or easier to use—than they 

turn out to be.” Yet another respondent 

offered, “It takes work to recognize 

value when there are also many ‘fluff ’ 

articles and emails.”

Overall, the Microwaves & RF Annual 

Salary & Career Report results present 

the RF/microwave industry in a posi-

tive light. While not everything is per-

fect, engineers seem to be both well 

compensated and satisfied at the same 

time. With that being said, the industry 

appears to be in good shape. 

—Chris DeMartino, Technical Editor

W
hat’s the good news in this year’s Microwaves & RF Annual 

Salary & Career Report? For one thing, 90% of those who 

responded report being satisfied in their current position. 

This high number seems to indicate that the RF/micro-

wave industry is a good one to be a part of.  The same number (90%) also said 

they would recommend engineering as a career path to a young person. As one 

respondent explained, “The field is wide open. The possibilities are only limited 

by a person’s interest in advancing.” Another noted, “You can work on new tech-

nology and influence the future in a positive way. You can continue to learn and 

grow—and often achieve fulfillment doing worthwhile things.

ON THE OTHER HAND....

Not all the respondents were so optimistic. Despite the high level of job satisfac-

tion, work environment concerns were voiced. One respondent said, “There is con-

stant pressure from management to force cookie-cutter solutions where they clearly 

don’t fit.” And another bemoaned “the lack of good design discipline and commit-

ment to good products.”

This year’s survey—the third for Microwaves & RF—consisted of a total of 1,393 

respondents. Job titles varied among those surveyed, allowing insight to be provided 

from a range of perspectives. 

In terms of compensation, the average base salary was reported to be $110,844, 

and 68.2% of respondents said they felt adequately compensated for what they do. 

Furthermore, the average bonus came out to $4,182. 
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retesting and fewer false rejects really add up to 

bottom-line savings, test after test!

 from

$68 95
ea. (qty. 1-9)
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up to 40 GHz!TEST CABLES

Mini-Circuits
¨

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

40 GHz

(KBL-Series)

Precision 75Ω

(CBL-Series)

Precision 50Ω

(CBL-Series)

Armored 

(APC-Series) Ultra-Flexible

(ULC-Series)

Flexible

(FLC-Series)

Precision VNA
Cables

(VNAC-Series)

Reliability You Can Trust…

* All models except VNAC-2R1-K+

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

 Contact apps@minicircuits.com to discuss your special requirements.

Model Freq.  

 Family  Capabilities (GHz)         Connectors†

 KBL  Precision measurement, including phase, through 40 GHz DC-40 2.92mm  

 CBL- 75+ Precision 75Ω measurement for CATV and DOCSIS® 3.1 DC-18 N, F

 CBL  All-purpose workhorse cables for highly-reliable, precision 50Ω  

measurement through 18 GHz DC-18 SMA, N

 APC  Crush resistant armored cable construction for production foors  

where heavy machinery is used DC-18 N

 ULC  Ultra-fexible construction, highly popular for lab and production test 

    where tight bends are needed DC-18 SMA

 FLC  Flexible construction and wideband coverage for point to point 

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

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

(M to F)
NEW!

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


$60,000

$90,000

$120,000

$150,000

COMPENSATION
Average Bonus

$110,844

Average Salary in 2016

$4,182

Average 
Stock 

Options

$2705

Average Other Options

$2,458

Salary Changes

54.7%
Saw salary 
Increase

33.6%
Salary stayed the 

same

11.6%
Saw salary 

decrease

YoY - Salary by Experience

$76,257

$80,765
$81,542

$99,484

$116,067

$114,809 $112,203
$120,833

$122,290
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JOB SATISFACTION

Average Hours
per Week

No

55

10%

Extremely Satisfied

The challenges that 
accompany the 
design of new 
products

90%

How Satisfied Are You?

22.2%

32.2%

35.4%

9%

1.3%

Very Satisfied

Satisfied

Not Very Satisfied

Not Satisfied At All

Reasons Engineers Would
Leave the Profession

Try something 
different

33.5%
Pursue other 
opportunities

27.1%
Do something 
more fulfilling

19.1%
To make 
more money

26.4%
To do something 
less stressful

23.7%

Challenges

Most Important Factors
in Job Satisfaction

Researching potential 
design solutions

Research

Opportunity to design 
products that can 
benefit society

Benefits
Society

Recommend
Engineering

Feeling Challenged

Sufficiently Challenged

Somewhat Challenged

60%

31%

Actively Seeking
a New Position

Would change 
positions

No

Open to it

65.4%

56.9%

34.5%

Yes
8.5%

EMPLOYMENT OUTLOOK

p
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CONCERNS

Top Concerns at Work
Resources

Time

Funding

OUTSOURCING

 Insufficient human resources to get job done          6.9 

Finding the optimal components for my designs      6.83

Insufficient funding for my design projects                6.71

Having to compromise my design approaches          6.54 

Time-to-market pressures                                             6.4

Inability to adequately test product designs              6.14 

Competitive market pressures                                                             5.87

Shrinking product life cycles                                      5.87 

Lack of design management direction                        5.66 

Politics at work                                                                              5.33

Second sourcing for the components specified                                                                 5.31 

Management taking company in wrong direction    4.93

Seniority issues                                                              4.3

Lack of in-house 
talent/specialty skills

Reasons for Outsourcing

51.4%

37.7%

31.5%

31%

24.4%

5.5%

 Save money

Put existing resources to 
better use

Save time

Ease workload

Not sure

Manufacturing/assembly  46.6%

Software engineering/development 42.6%

Design     36%

PCB layout 32.7%

R&D     22.7%

CAD/CAE 22.3%

Software verification/test  21.4%

Design verification 15.5%

Final test 14.7%

Drafting     11%

Incoming inspection   3.4%

Work Being Outsourced

Currently Outsourcing?

52%

48%
No

Yes

NoOn a scale of 1-10, with 10 being most 
pressing, how pressing are each of the 
following problems in your work? 
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Visit us at  

EuMW in London,

booth 3

With this team
on your bench, 
the sky’s the limit.
Signal generation and analysis for demanding requirements

When working at the cutting edge of technology, you shouldn’t

waste your time with inferior tools. Rely on measuring instruments

evolved in the spirit of innovation and based on industry-leading

expertise. Instruments like the ¸SMW200A vector signal generator 

and the ¸FSW signal and spectrum analyzer. Each is at the crest of 

today’s possibilities. As a team, they open up new horizons.

See for yourself at www.rohde-schwarz.com/ad/highend

http://www.rohde-schwarz.com/ad/highend


Looming Project 
Deadlines

Product Reliability 
Issues

27%

Staying current

25%

24%

Product 
Quality 
Issues

22%

20.6%

18%

16.6%15.6%
15%

15%

15%

14.4%

14%

6.7%

4.6%

4%

6 7%%6.7%%%

4.6%%

35%

WHATÕS KEEPING ENGINEERS

UP AT NIGHT?

with new and 
emerging technologies

Concerns
about the 
general health 
of the economy

Price/
performance 
issues

Dealing with 
reductions in staff

Concerns about 
financial health 
of your company

Age 
discrimination

Concerns 
about job 
security

Outsourcing 
issues

Specifying the right 
products/ vendors 
for my designs

Component 
availability 

issues

Product 
interoperability 

issues

Documenting ROI 
on engineering 

expenditures

Concerns about 
financial health 
of suppliers

Nothing keeps 
me up at night

2016

18.6%
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                                                                                                  73%  White papers

                                                                                          70.8%    Engineering/technology publications  

                                                                                  65.2%   Webcasts �

                                                                            61.5%   Seminars 

                                                                       58.6%   Engineering videos 

                                                                54.9%   Engineering textbooks

                                                                54.8%  Engineering/technology publication websites 

�                                 46.7%   Trade shows/conferences

                                                 46.2%   Vendor-sponsored education (seminars, webcasts, etc.)

                      37.7%   E-books  

             29.2%   Engineering association-sponsored meetings

   23.3%   User group meetings/Meetups 

 21.7%   In-house educational programs sponsored by your company 

20.7%   Online college courses

    18.7%    Online discussion forums 

12.8%    In-classroom college courses 

EDUCATION

How engineers are keeping up

Which forms of education 
does your company 
reimburse you for? 

     46

                                       46.

25

22

27.55%%%%%

55%%%%

2%%

222222

%%% %%%%%

2222228888888%%%%%%%

58.2% 53.6%

40.2%

37.1%

27.9%

25.2%

23.7%

23.6%

Trade shows/
conferences

Seminars

College 
tuition

Certifications

Online training

Engineering 
association dues

Engineering 
textbooks

Publication 
subscriptions
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November 2-4, 2016

McCormick Place, Chicago

Join us in Chicago this November for real-world IoT 

insights, strategic and technical sessions, and live 

demos in four tracks: Smart Cities, Industrial IoT, 

IoT Engineering, and IoT Security.

Discount Codes:

Free Expo Pass:  IOTEDESEXPO

15% OFF Conference Pass:  IOTE-DES16   

�  �  �

Learn.  Disrupt. Network.

iotemerge.com�

http://iotemerge.com
https://twitter.com/IoTEmerge
https://www.facebook.com/IoT-Emerge-1027600283967801/
https://www.linkedin.com/groups/8487220


29.4% 25.6%

70.6%
Yes Yes

EFFICIENT ENGINEERING

TEST & MEASUREMENT

Do you use design 
simulation software in your 
product design process?

Have you seen growing demand for 
lower-power, more energy-efficient 
products from your customers?

Have these low-power 
requirements become 
stricter over the last year?

2222229.4%
No

7770.6%
Yes

NoNo

25.6%

74.4%
Yes

46.2%  Yes - they have become stricter 

Have you seen growing 
demand for miniaturization 
in your product designs?

53.8%  No - they have remained as strict as always  

Do you feel that your company 
invests sufficiently in test and 
measurement equipment 
to support your design needs?

Do you think testing is still a 
challenge for the design 
process in terms of time 
consumption?

Is there sufficient training and 
documentation for your test 
requirements? 

Say their company has replaced 
box test instruments with 
modular solutions like PXI.

Do you expect the Internet 
of Things to affect test 
methodologies at your 
company?

62%
Yes 

64%
Yes 

64.3%
Yes 

26%
Yes 75%

Yes 

36.4%

 Yes 
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Acoustic wAves Are pArt of the operating mechanisms of 

both surface-acoustic-wave (SAW) and bulk-acoustic-wave 

(BAW) components, although the two acoustic component 

types and technologies have essential differences. Both tech-

nologies can support a number of resonant-type components, 

including oscillators, filters, and delay lines. SAW components 

are limited in frequency compared to their BAW counterparts. 

However, both technologies provide effective circuits within 

their frequency ranges, and in small sizes that make them 

attractive for a wide number of applications in commercial, 

industrial, and military systems.

Both SAW and BAW components leverage the electrome-

chanical properties of certain materials, notably anisotropic 

piezoelectric materials. Piezoelectric materials transform 

applied mechanical stress into electrical energy and can also 

convert electrical energy into mechanical stress. 

SAW components make use of the electromechanical prop-

erties of these materials through the propagation of acoustic 

waves along the surface of the piezoelectric material. The 

acoustic waves travel through the interleaved metal “fingers” 

of interdigital transducers (IDTs) fabricated on the appropri-

ate piezoelectric substrate.

Piezoelectric materials can produce electricity from 

applied mechanical stress, in addition to transforming 

applied electrical energy into mechanical energy, such as 

acoustic waves. This is accomplished by fabricating inter-

digital transducers (IDTs) on the surface of a piezoelectric 

substrate, such as lithium tantalite (LiTaO3, lithium niobate 

(LiNbO3), or quartz crystal.

Electrical RF/microwave energy at one end of the trans-

ducer is transformed into mechanical energy in the form of 

acoustic waves that travel along the interleaved metal fingers, 

and are transformed back to electrical RF/microwave energy 

at the other end of the transducer. With the slower velocity 

of these acoustic waves compared to the input RF/microwave 

waveforms, signal processing such as filtering and time delays 

can be performed in the acoustic frequency range, and then 

realized in the RF/microwave frequency range at the output of 

the SAW transducer.

Commercial SAW components can be fabricated on rel-

atively large piezoelectric wafers (Fig. 1) compared to the 

smaller wafers used for fabricating semiconductor devices. 

Using larger wafers enables the production of relatively large 

volumes of SAW components for relatively low cost, with the 

opportunity to fabricate RF/microwave bandpass and other 

filters in much smaller sizes than ceramic filters for the same 

center frequency.

SAW components are typically manufactured at frequen-

cies to about 2 GHz. Since the dimensions of the IDT struc-

ture shrink with increasing frequency, the challenges of 

producing SAW components with sufficiently small IDT 

dimensions to support those higher frequencies make it 

impractical at higher frequencies.

BAW components typically operate at higher frequencies 

that SAW components, almost starting where SAW compo-

nents leave off—at about 1.5 GHz and higher. BAW compo-

nents are also fabricated on piezoelectric materials, although 

typically using different substrate materials than their SAW 

counterparts.

Differentiating BAW  
and SAW Technologies
BAW and SAW technologies both make use of acoustic waves—albeit in different 

ways and at different frequencies—as part of high-frequency filters, resonators, and 

delay lines. 

Jack Browne | Technical Contributor

RF Essentials

1. Large circular and rectangular piezoelectric substrate wafers 

enable large volume manufacturing of SAW components. In this case, 

these wafers are used strictly for custom SAW components and mod-

ules for military applications. (Courtesy of Phonon Corp.)
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Wideband
Transformers & Baluns!

RoHS compliant.

NC

0.08 x 0.05”

Ceramic

TC  

0.15" x 0.15"

NCR2

0.08 x 0.10”

Ceramic

 TINY         

NOW!

4 kHz -18 GHz From99ea.(qty.20)

¢

To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and  

baluns now cover frequencies from 4 kHz up to 18 GHz! Our latest designs achieve consistent performance  

across very wide frequency bands, and our baluns have demonstrated great utility for use with chipsets.  

With over 250 trusted models in stock representing a wide selection of circuit topologies and impedance 

ratios, chances are, we have a solution for your needs!

Our Low Temperature Co-Fired Ceramic (LTCC) models provide reliable performance in tough operating 

conditions, tiny size – as small as 0805 – and very low cost. All core-and-wire models are available with our 

exclusive Top Hat® feature, improving pick-and-place accuracy and throughput.  We even manufacture 

our own transmission wire under rigorous control and use all-welded connections to ensure reliability and 

repeatability you can count on.

Visit minicircuits.com and use Yoni2®, our patented search engine            

to search our entire model database by performance criteria and  

find the models that meet your requirements. Order today and have 

them in hand as soon as  tomorrow! Cost-effective custom designs 

and  simulations with fast turnarounds are just a phone call away!

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

In fact, one of the more popular piezoelectric substrate 

materials for BAW components is aluminum-nitride (AlN). 

BAW components also function differently than SAW com-

ponents. In a BAW component, the acoustic waves travel 

and are stored in the piezoelectric material rather than 

across the top surface of the substrate.

Metallization for a BAW 

component is deposited 

on the top and bottom of 

the piezoelectric material, 

creating a form of acous-

tic channel for the waves. 

The acoustic waves essen-

tially bounce between the 

metal layers and through 

the piezoelectric material, 

forming a standing acous-

tic wave. The resonant 

frequency of the standing 

wave is a function of the 

substrate thickness and 

the mass and type of met-

allization, with thinner 

substrates yielding higher 

operating frequencies.

Different types of metal 

films are used in BAW 

components than in SAW 

components—typically aluminum metallization for lower-

power components and tungsten (W) for higher-power com-

ponents. Although BAW components such as filters can be 

fabricated for use at frequencies below 1.5 GHz, and well into 

the frequency range of SAW components, the larger sizes of 

BAW components at those lower frequencies results in lower 

yields of components per piezoelectric wafer, making it dif-

ficult to be cost-competitive with SAW filters or even ceramic 

filters at those lower frequencies.

BAW components operate to higher frequencies than SAW 

components—about 15 GHz and higher compared to SAW 

components, which are available to about 2 GHz. The nature 

of BAW components, with high-density acoustic energy 

stored within the metal plates of a piezoelectric substrate, 

results in lower-loss components at higher frequencies than 

SAW components.

They are also capable of high-quality-factor (high-Q) reso-

nators in relatively small sizes for microwave filters with high 

rejection and sharp band edges. In general, BAW components 

(such as filters) can typically achieve lower passband insertion 

loss than SAW filters, although usually at higher frequencies.

At frequencies of about 2 GHz or below, SAW filters are 

capable of excellent rejection of unwanted, out-of-band sig-

nals while maintaining 

flat amplitude response 

across the passband fre-

quency range. In gen-

eral, SAW components 

exhibit greater varia-

tions in performance 

with temperature than 

BAW components at 

their higher frequencies, 

although careful selec-

tion of SAW substrate 

materials can help limit 

these performance vari-

ations. In addition, some 

manufacturers  of fer 

temperature-compen-

sated SAW (TC-SAW) 

components to mini-

mize temperature varia-

tions without sacrificing 

the excellent electrical 

performance of SAW technology.

Similarly, some suppliers offer BAW components, main-

ly filters, based on “low-drift” piezoelectric materials that 

minimize variations in frequency with temperature, usu-

ally characterized in parts per million per degrees Centigrade 

(ppm/°C). The temperature shifts for these components can 

be in terms of negative or positive values (changes in frequen-

cy with temperature), with an ideal component characterized 

by 0 ppm/°C. At least one manufacturer offers these low-drift 

BAW components at frequencies to 9 GHz and higher.

By applying consistent manufacturing practices, quality 

control, and computer-controlled test methods (Fig. 2), some 

manufacturers of SAW components—such as Phonon Corp. 

(www.phonon.com)—have succeeded in achieving some of 

the highest quality levels in SAW components like filters, delay 

lines, oscillators, and modules. These quality levels are suffi-

cient for an exclusively military customer base. 

2. Manufacturing of high-performance SAW components requires computer- 

controlled automated measurements of SAW component performance.  

(Courtesy of Phonon Corp.)

“
At frequencies of about 2 GHz or below, SAW filters are 

capable of excellent rejection of unwanted, out-of-band 

signals while maintaining flat amplitude response across  

the passband frequency range. ”
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A
ntennas are the beginning and end compo-

nents of many communications systems, and 

the performance of modern wireless commu-

nications networks depends on these antennas 

achieving low passive-intermodulation (PIM) levels. PIM is a 

complex phenomenon that results in the generation of spuri-

ous energy. It is not caused by circuit materials, but results from 

the design and mechanical structure of high-frequency circuits, 

from circuit-assembly 

practices, and/or from 

system-level effects. 

Still, circuit mate-

rials can play a part 

in achieving low PIM 

i n  P I M - s e ns i t i ve 

appl ic at ions .  For 

low-PIM printed-

circuit-board (PCB) 

antennas, some of 

t h e  P I M  p e r f o r -

mance depends on 

the design, and some 

on the choice of PCB 

materials .  Under-

standing how PCB 

characteristics influ-

ence PIM perfor-

mance can ease the 

task of choosing circuit materials for low-PIM PCB antennas.  

Maintaining low PIM in a communications system is a com-

plex problem due to the large number of variables that con-

tribute to PIM. A quick list of PIM-causing variables includes 

cables, connectors, passive components, solder joints, and even 

placement of hardware. It gets even more complex with inter-

actions among variables. The proper choice of circuit materials 

for a PCB antenna can at least shrink one list of variables.

Rise of PiM

PIM has become more of a design issue in recent years with 

the growing number of wireless applications and their associ-

ated signals occupying a limited amount of available bandwidth. 

Two or more closely spaced signals within the same operating 

band can produce 

intermodulation 

distortion due to the 

mixing of their low-

er-order harmonics 

and the mixing of 

those harmonics 

with the two funda-

mental signals (Fig. 

1). The signals may 

come from the same 

wireless base sta-

tion, or they could 

be signals reaching 

the antenna from 

additional, outside 

sources.  

Such intermod-

ulation was once 

on ly  a s s o c i ate d 

with active devices, such as semiconductor mixers and ampli-

fiers, but in recent years it has become evident that intermodu-

lation can be caused by passive components, too, including 

antennas. It can affect applications with single antennas used 

for transmit and receive functions and multiple carrier fre-

quencies, especially when those antennas exhibit the non-

Certain characteristics of circuit materials can indicate whether a material will 

contribute to higher or lower levels of PIM for a printed-circuit RF/microwave antenna. 

Materials Make the Difference  

in Low-PIM PCB Antennas

Industry Trends
John Coonrod | Technical Marketing Manager 
Rogers Corp., Advanced Connectivity Solutions,100 South Roosevelt Ave., Chandler, AZ 85226-3416;  
(480) 961-1382, www.rogerscorp.com

1. This plot shows how intermodulation products result from the mixing of two fundamental-

frequency signals and their harmonics.  
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Low-PIM PCB Antennas

linear behavior that could create PIM. When the amount of 

spurious energy produced as PIM falls within the operating 

frequency range of a receiver, it can qualify as interference.

At the system level, anything in the RF signal path between 

the transmitter and receiver can cause PIM, especially ferro-

magnetic materials or metals and any materials with ferromag-

netic properties. Materials such as rust and metals like nickel 

and iron can be sources of PIM. Anything that interrupts the 

signal path of a transmission line, e.g., poorly fitted interconnec-

tions or debris in the mating area of connectors, can cause PIM. 

Even a rusty fence in the vicinity of a wireless transmitter could 

trigger PIM, with sufficiently high transmit power.  

In a PCB-based antenna, such as a microstrip patch anten-

na, circuit cleanness (or lack thereof) may also cause prob-

lems. For example, residue remaining on a PCB following 

fabrication and left behind by inadequate PCB cleaning proce-

dures can be sufficient to induce nonlinear effects that result 

in PIM. A number of different kinds of plated finishes on 

PCBs can contribute to higher levels of PIM—electroless 

nickel, immersion gold (ENIG), and electroless nickel, immer-

sion palladium, immersion gold (ENIPIG) are two such types.

MAterIAL ConsIstenCy

The choice of PCB material itself may also play a part in the 

PIM performance of a PCB antenna. Several circuit material 

parameters can be used to project how well a PCB antenna is 

expected to perform, including consistency of dielectric constant 

(Dk), stability of Dk with temperature, and mechanical stability 

with temperature. Ideally, the Dk of a circuit substrate material 

should be uniform throughout each board and consistent from 

board to board for good circuit-to-circuit repeatability. 

Because Dk determines the circuit dimensions required for 

optimum antenna performance at a desired wavelength/fre-

quency, any circuit material intended for PCB antenna design 

should feature dielectric constant within a tight tolerance. 

Although predicting PIM performance for any antenna design 

is difficult, using the optimum circuit material to achieve the 

best performance for a printed antenna will also generally 

deliver the best PIM performance.

The Dk determines the impedance of the patch pattern 

and the microstrip transmission lines feeding the patch. Con-

sequently, excessive variations in a circuit material’s Dk will 

result in changes in impedance and frequency throughout the 

printed antenna circuit and unwanted variations in antenna 

radiation pattern. A Dk tolerance of ±0.05 is considered quite 

good for printed antennas, as well as for most other high-

frequency circuit applications.

Consistent circuit material Dk is also desirable across a wide 

operating-temperature range. That’s because printed antennas 

and their transceivers may be asked to perform flawlessly over 

a wide range of operating conditions, from day to day or from 

season to season in outdoor base stations and cell sites.

The parameter that provides insight into the stability of a 

circuit material’s Dk with temperature is the thermal coeffi-

cient of Dk (TCDk). For a given material, this parameter notes 

by how many parts per million (ppm) the Dk will change per 

change in temperature in degrees centigrade (°C). If the TCDk 

value of a material is high, the Dk will change by a relatively 

large amount with temperature, and will change the antenna’s 

resonant frequency as well as alter the radiation pattern for the 

desired frequency range. 

A TCDk value can be positive or negative, depending upon 

the formulation of the circuit material. Considering the abso-

lute value of a material’s TCDk, a value of 50 ppm/°C or less is 

quite good, or within the range of ±50 ppm/°C.

In terms of real-world circuit materials used for PCB anten-

nas, FR-4 typically represents a low-cost circuit-material solu-

tion. However, the tradeoff for low cost is a Dk that varies 

widely with temperature, characterized by a high value of 

TCDk. When room temperature (or +25°C) is used as the 

starting point for normalized Dk, a circuit material’s Dk may 

increase or decrease at other temperatures. When compared to 

other circuit materials, the changes for FR-4 can be dramatic, 

with significant decreases in Dk at temperatures below +25°C 

and large increases in Dk for temperatures above +25°C.

Ideally, materials for PCB antennas should provide sta-

ble Dk with temperature, denoted by lower values of TCDk. 

Depending on formulation, commercial materials, such as 

RO3003  and RO4003 laminates from Rogers Corp. (www.

rogerscorp.com) can have negative or positive TCDk values, 

describing how the material Dk changes with temperature. 

For RO3003 laminates, which are polyetrafluoroethylene 

(PTFE) circuit materials reinforced with ceramic fillers, the 

TCDk is extremely low and negative, at only –3 ppm/°C, for 

very little change in Dk with temperature. This material has 

a Dk of 3.00 with tolerance of ±0.04. For RO4003 laminates, 

which also have quite low TCDk, the value is positive at 40 

ppm/°C. This hydrocarbon circuit material, reinforced with 

ceramic filler, has a Dk value of 3.38 and tolerance of ±0.05.

Another circuit-material parameter for antennas related 

to temperature is coefficient of thermal expansion (CTE). 

Though also given in units of ppm/°C, it is a measure of the 

mechanical changes in a circuit material due to changes in 

temperature. Because a material will expand and contract 

according to changes in temperature in its x, y, and z axes, the 

CTE of candidate materials for an antenna design must be 

compared in all three axes. 

In particular, these CTE values should be compared to the 

CTE values for other materials used on a PCB. This includes the 

copper used to form a patch antenna pattern and its microstrip 
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feed lines, in addition to copper plating used on plated through-

holes (PTHs) that might connect an antenna to the different lay-

ers of a multilayer circuit. In the x and y dimensions, the circuit 

patterns and the dielectric material will expand and contract; in 

the z dimension, the metal of the PTHs and the thickness of the 

dielectric material will change with temperature. 

Ideally, the CTE values for all materials of interest should be 

fairly closely matched. This will prevent stresses at the inter-

faces of different materials caused by mechanical changes with 

temperature. Since the CTE of copper is about 17 ppm/°C, a 

CTE value for a PCB material that is within range of copper is 

considered good, such as 60 ppm/°C or less. The CTE is not just 

a factor to consider for printed-antenna performance and reli-

ability. It is also an indicator of a circuit material’s capability to 

withstand the high temperatures used when manufacturing a 

printed antenna, such as for lead-free solder-reflow processes.

PATROLLING ANTENNA PIM

When considering high-frequency circuit materials for print-

ed antennas, metallic rather than dielectric materials are the 

main concern. Rough copper-laminated surfaces of PCB materi-

als are a leading source of PIM in such antennas. Ideally, the sur-

face of a PCB’s copper laminate should be as smooth as possible 

to promote linear behavior. Specifically, the surface of concern is 

the copper-substrate interface of the laminate. As the roughness 

of the copper surface increases, the EM behavior of the copper as 

a conductor becomes increasingly nonlinear and more subject 

to generating higher levels of PIM as an antenna circuit (Fig. 2).

As noted earlier, treatments applied on the copper foil can 

raise a PCB antenna’s level of PIM. Treatments are often per-

formed to improve the adhesion of the copper layer to the 

2. A PCB laminate’s copper conductor roughness can impact the 

amount of PIM produced by circuits fabricated on that circuit material. 
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Low-PIM PCB Antennas

dielectric layer. However, a copper treatment with ferromag-

netic properties such as nickel-based treatments can be a 

source of higher PIM levels; therefore, it’s a good idea to mini-

mize use of such PIM-causing treatments. 

In terms of a PCB’s dielectric material, for low PIM levels, 

the guidelines provided earlier should be followed for consis-

tent Dk held within a tight tolerance window. In addition, the 

dielectric material should exhibit low loss as evidenced by a 

low value of dissipation factor (Df).

Furthermore, as a simple rule of thumb, a thinner circuit 

laminate will yield worse PIM performance than a thicker 

circuit laminate, although this is not due to the dielectric prop-

erties. The amount of PIM is very much subject to the design 

of the printed circuit. In a thinner antenna circuit, greater 

power density is concentrated in a smaller area than a thicker 

antenna circuit with wider conductors. If any conditions for 

PIM are present, such as rough copper foil or residue from 

PCB fabrication, the higher power density will add to condi-

tions favorable for generating higher levels of PIM.

Although PIM is a type of distortion that affects system-

level communications performance, it starts at the component 

level (i.e., connectors, antennas, etc.). As wireless communica-

tions services extend throughout the world, with strong com-

petition for available frequency bands, PIM becomes more 

critical than ever. As a result, lower levels of PIM are required 

to maintain system-level performance and avoid symptoms 

such as dropped calls and diminished coverage areas.

PIM performance can be compared in terms of dBm (power 

relative to 1 W) or dBc (power relative to the carrier). A PIM level 

of –145 dBc was once considered satisfactory. But as the number 

of subscribers increased along with the number of cell sites to 

serve them, required PIM levels continued to drop. They initially 

fell to –150 dBc, and now –153 dBc is considered adequate.

To achieve printed antennas with the performance required 

for low PIM, the circuit materials must play their parts to help 

minimize intermodulation distortion. Although no industry-

standard test methods exist for characterizing circuit materials 

for PIM, a technique was developed to characterize the latest 

generation of low-PIM circuit laminates, such as RO4730G3 

circuit material from Rogers Corp. (see “Laminates Lay Foun-

dation for 5G Antenna Circuits” on mwrf.com).

Evaluation involved the fabrication of a 12-in.-long 

microstrip transmission-line circuit on 60.7-mil-thick 

RO4730G3 laminate. Since so many variables can impact PIM 

and its testing, a circuit’s PIM performance may change dra-

matically over even the short period of time required for test-

ing (i.e., a few seconds). To reveal consistency 

in PIM performance, measurements should be 

performed for a time period much longer than 

just those few seconds. Thus, the microstrip 

circuit’s PIM performance was measured for a 

total of 55 s, with 10 data points collected every 

second to produce a total of 550 plots of PIM 

versus time (Fig. 3).

The RO4730G3 material, which was engi-

neered for printed antennas, is capable of PIM 

levels of –163 dBc or better. It is an example of 

a material with the characteristics—tight Dk 

tolerance, smooth copper foil, excellent CTE—

that support low PIM levels for printed-circuit 

antennas. 

Editor’s Note: To learn more about the test 

methods used to characterize circuit laminates 

for PIM, copies of “PIM and PCB Antennas: 

Your Guide to Circuit Materials for Low Passive 

Intermodulation (PIM) Antennas” are available 

for free download at www.rogerscorp.com.

3. PIM testing as a function of time was performed on RO4730G3 circuit laminates using 

a 12-in.-long microstrip transmission-line circuit on 60.7-mil-thick circuit material. 

“
Although PIM is a type of distortion that affects system-level  

communications performance, it starts at the component level  

(i.e., connectors, antennas, etc.)”
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R
adar technology has been the backbone of the electronic military 

for many decades. even as the technology continues to extend as the basis 

for numerous collision-avoidance systems in commercial automobile mar-

kets, it also expands into a growing number of military applications—specifically, 

as part of surveillance and tracking systems on the ground, at sea, in the air, and 

in outer space. 

In the case of some airborne systems, such as in unmanned aerial vehicles (UaVs), 

an operator may be quite a distance from the radar system. In all cases, the feed-

back that these radar systems provide is invaluable.

nAVY PICKS  
Lockheed Martin 
for Frigate Combat
Management

T
he U.s. navy selected lockheed 

Martin (www.lockheedmartin.

com) and its coMBatss-21 as the 

combat-management system for 

navy frigates, awarding a contract 

worth as much as $79.5 million 

for fiscal years 2016 through 2021. 

coMBatss-21—the open-archi-

tecture combat-management system 

deployed on cruisers, destroyers, and 

littoral combat ships—will now also 

be deployed on navy frigates.

coMBatss-21, an abbreviation for 

coMponent-Based total-ship sys-

tem-21(st century), is built from aegis 

common source library (csl) code. 

It has a framework similar to aegis 

Baseline 9 software developed for the 

aegis cruiser and destroyer ships, lit-

toral combat ships (lcs), and U.s. 

coast guard national security cutters. 

rich calabrese, director of mission 

systems at lockheed Martin, says that 

using the csl code is both efficient 

and cost-effective: “Using the csl 

enhances life-cycle affordability by 

reducing costs for integration, test, 

and certification—and delivers an 

open combat system architecture in 

line with the navy’s objective architec-

ture, driving affordability and increas-

ing interoperability across the entire 

fleet.” this shared use of the csl code 

makes it possible for combat ships 

to quickly integrate new capabilities, 

incorporating new sensors and weap-

ons in response to new threats. n

(continued on p. 60)
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jack browne | Technical contributor

military radar systems are moving away from vacuum 

tubes, embracing GaN semiconductors and solid-state 

amplification for improved power efficiency and long-term 

reliability. 

1. The long evolution of synthetic-aperture-radar (SAR) technology has enabled the devel-

opment of dependable, solid-state ground-based surveillance and early-warning systems. 

(Photo courtesy of Lockheed Martin)

(continued on p. 64)
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EDITORIAL

R
adar has long 

been the “back-

bone” technology 

of military electronics.  It is the means 

by which an adversary’s troops and their 

movements can be detected from a dis-

tance, and has served as a reliable early-

warning system for decades. 

Radar technology is ever-evolving and 

improving along with enhancements to 

RF/microwave components and develop-

ments in signal-processing components, 

such as digital signal processors (DSPs) 

and field-programmable gate arrays 

(FPGAs). It is also teaming with another 

technology, unmanned aerial vehicles 

(UAVs), to provide remote vision for mili-

tary surveillance.

Of course, creating a remote-controlled 

UAV with a radar system, or even an on-

board camera system, is no trivial task. 

Radar systems have traditionally relied on 

high-power pulsed signals to illuminate 

targets, which makes generating signals 

of sufficient amplitude with batteries on a 

UAV a challenge. The weight of the radar 

system is also a concern, since it must 

juggle the tradeoff between weight and 

transmit power to make it a viable subsys-

tem onboard a UAV, or even an unmanned 

ground vehicle (UGV). 

Then there is the matter of transferring 

intelligence on the radar returns from the 

drone to a remote operator. Wireless radio 

links must be secure, and they must also 

contain sufficient bandwidth for commu-

nications and control signals—as well as 

video signals, if the UAV is equipped with 

a monitoring camera.

Military interest in radar-equipped 

UAVs is so strong that research efforts 

analyzing the design challenges of creating 

UAVs with remote-controlled radar sys-

tems are spreading. For example, work at 

the University of Denver’s Unmanned Sys-

tems Research Institute has included the 

development of a fully working prototype, 

with antenna, amplifier, processor, trans-

mitter/receiver, and wireless data link. The 

prototype weighs 230 g and consumes only 

4.5 W power. 

This prototype system was initially 

developed to serve the Federal Aviation 

Administration (FAA) and air-traffic-con-

trol applications. Consumer and commer-

cial interest in UAVs is so great that there 

is concern among FAA officials about 

excessive airborne congestion and in-flight 

accidents. Adding radar technology to 

commercial UAVs can prevent them from 

crashing into each other or, more impor-

tantly, into manned aircraft. 

Radar Embraces Remote Control
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S
ecurity scanners from 

Rohde & Schwarz (www.rohde-

schwarz.com) will soon be 

essential tools for the German Fed-

eral Police Force, thanks to a major 

contract awarded to the firm by the 

German Federal Ministry of the Inte-

rior. The primary application for the 

300 new R&S QPS200 security scan-

ners will be for security at German 

airports. Terms of the contract will be 

fulfilled over a three-year period. 

The scanners use millimeter-wave 

technology to automatically detect 

potentially dangerous objects hid-

den on a body or under clothing, 

whether they are rigid, flexible, flu-

id, metallic, or non-metallic. They 

operate at frequencies between 70 

and 80 GHz and at extremely low, 

safe radiated power levels. The scan 

of a passenger or person is comfort-

able, requiring only milliseconds 

to complete. Privacy is maintained 

by means of a neutral graphical 

display. The scanners have been 

certified by the European Civil 

Aviation Conference (ECAC) and 

thoroughly tested for suitability by 

the German Federal Police. n

R
aytheon co. (www.raytheon.com) recently teamed 

with the U.S. Air Force and Navy on test firing three 

AIM-9X Block I (“Sidewinder”) missiles from an F-35A 

aircraft, the first short-range, air-to-air missile to be used on 

the F-35 Joint Strike Fighter. These tests demonstrated the 

effectiveness of numerous functions required for successful 

missile deployment, including loading, target acquisition by 

the aircraft, missile target acquisition and tracking, launch 

initiation, in-flight guidance, and impact/proximity 

fusing at the interception of the target. 

“These tests validated the on-board communica-

tions and handoffs between the aircraft and the mis-

sile required to prosecute an aerial target,” says Mark 

Justus, AIM-9X program director for Raytheon Missile 

Systems. “AIM-9X will help ensure our pilots and allies 

have the most reliable and effective weapons on the 

F-35.” A fourth guided missile test of the AIM-9X Block 

I missiles is expected later this year.

An F-35 can carry two AIM-9X missiles on its 

wings, and four AIM-120 missiles internally, when 

properly configured. These test firings were intended 

to ensure integration of the advanced missile systems 

with their introduction across the F-35 fleet expected 

in 2017. n

Sidewinder Missle Tests Hit the Mark

NEWS SHORTS
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German Security  
Relies on R&S Scanner

Scanners operating between 70 and 80 GHz will be 

used for security purposes at German airports. 

This file photo shows U.S. Navy aviation crewmen handling 

a Sidewinder missile, recently exercised through a series of 

tests. (Photo courtesy of the U.S. Navy)
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rockwell collins Demonstrates 
wideband HF from Airborne c-17

M
ilitary aerostat systems, 

including  unmanned 

aerial vehicles (UAVs) and 

unmanned ground vehicles (UGVs), 

will be heavily enlisted both on the 

battlefield and as a means of pre-

venting conflicts during the next 

decade. According to the 165-page 

study “Military Aerostats Market 

Report: 2016-2026,” compiled by 

market researcher Visiongain (www.

visiongainglobal.com), the continued 

growth of national threats worldwide 

will fuel the need for military aero-

stat systems. These include differ-

ent types of radar, surveillance, and 

imaging systems for homeland secu-

rity, law enforcement, border patrols, 

and tactical applications.

The report notes an anticipated 

compound annual growth rate 

(CAGR) of 4.8% for the five-year 

period from 2016 through 2021. In 

addition, the market size of $4.17 

billion in 2016 is expected to grow 

to almost $5.3 billion by the end of 

2021. The detailed report, which 

references such companies as BAE 

Systems, the Boeing Co., Elbit 

Systems, Lockheed Martin Corp., 

Northrop Grumman Corp., and 

Raytheon Co., offers insights on 

how to compete in this lucrative and 

dynamic market. n

strong Growth expected for 
Military Aerostat Markets

F
or the first time, Rockwell Col-

lins (www.rockwellcollins.com) 

completed a complex data trans-

fer from an airborne C-17 aircraft to 

a ground station using a wideband 

high-frequency (WBHF) communi-

cations channel. The air-to-ground 

data link was accomplished in col-

laboration with the U.S. Air Force. It 

took place over the duration of a two-

day flight, between Dover Air Force 

Base (AFB) Delaware and Joint Base 

Lewis-McChord, Washington, using 

a WBHF receiver-exciter configured 

for airborne operation.

The demonstration included trans-

fers of streaming video, real-time 

chat, file transfers, and digital voice 

audio over distances of 1,500 miles 

and more. Compared to traditional 

HF communications, WBHF provides 

much higher data throughput. It is 

an effective complement to satellite-

communications (satcom) links 

where satellite signals are limited 

or unavailable. WBHF systems can 

perform transfers of large data files 

at speeds comparable to narrowband 

satcom systems. n

An airborne C-17 aircraft was part of a 

test of examining the capabilities of per-

forming air-to-ground communications 

using wideband high-frequency (WBHF) 

communications equipment. (Photo cour-

tesy of the Boeing Co.)
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cover story

Over the course of six decades, radar supplier Lockheed 

Martin (www.lockheedmartin.com) has evolved its use of 

synthetic-aperture-radar (SAR) technology at lower frequen-

cies, most recently expanding into highly efficient solid-state 

SAR systems. The firm’s solid-state ground-based surveil-

lance and early-warning systems (Fig. 1) are capable of pro-

viding intelligence at any time. 

These systems are neither limited by weather nor the 

atmospheric attenuation of conventional radars and electro-

optical imaging systems. In addition to being used for mov-

ing target indication (MTI), the VHF/UHF SAR sensors have 

been used for ocean spill monitoring, polar ice assessment, 

intelligence acquisition, and battlefield reconnaissance.

Military radar systems have traditionally been large elec-

tronic systems using vacuum-tube amplification to achieve 

megawatts of transmitted pulse-modulated output power at RF 

and microwave frequencies. The radar signal frequencies have 

always been dictated by the performance goals of a particular 

radar system. Lower frequencies and their longer wavelengths 

provide better surveillance of targets of interest at longer dis-

tances than higher-frequency signals and their shorter wave-

lengths, which offer more precise tracking at shorter distances. 

A number of different signal-generation and -amplifica-

tion electron-tube devices have been used in military radar 

systems, with magnetrons capable of producing output signals 

at megawatts of power and klystrons serving as effective ampli-

fiers through kilowatts of output power. Traveling-wave tubes 

(TWTs) and TWT amplifiers (TWTAs) have also been utilized 

to amplify radar signals, as have crossed-field amplifiers (CFAs). 

However, as has been true for frequencies from the audio 

range through microwave bands, designers have sought 

solid-state replacements for vacuum tubes. The basic tradeoff 

between the two technologies is that vacuum tubes provide 

enormous output-power levels compared to solid-state devic-

es, but with much higher bias requirements and much shorter 

operating lifetimes. Thus, the key to using solid-state devices 

in applications such as radar systems that require high output 

signal levels is to combine the individual outputs of multiple 

transistors in parallel to achieve higher output-power levels. 

Gallium nitride (GaN) is a high-power semiconductor 

technology that has proven its worth in lower-microwave-fre-

quency commercial applications such as Fourth-Generation 

(4G) wireless communications systems, and is gaining ground 

as an amplification solution for military radar systems. Ear-

lier this year, one of the leaders in military radar technology, 

Raytheon Co. (www.raytheon.com), upgraded the main array 

of the Patriot Air and Missile Defense System with 360 deg. of 

coverage, along with GaN-based active electronically scanned 

array (AESA) technology. 

“A GaN-based AESA radar benefits netted sensors, and 

gives Patriot greater capability and reliability while signifi-

cantly reducing operations and sustainment cost,” explains 

Ralph Acaba, vice president of Integrated Air and Missile 

Defense at Raytheon’s Integrated Defense Systems busi-

ness. “Raytheon recognizes how important this capability 

is for the warfighter, and is investing in its own resources 

to bring Patriot’s GaN-based AESA radar to the point 

where it can enter engineering and manufacturing devel-

opment with low risk.” 

The main AESA array measures about 13 × 9 ft. and is a 

bolt-on forward-facing replacement antenna. Earlier in the 

year, Raytheon built a GaN-based rear-panel array for the 

Patriot system (Fig. 2) as part of the efforts to enable a full 

360-deg. view for the system. Raytheon also uses solid-state 

GaN technology for a U.S. Navy radar and jammer, and is 

exploring the use of the technology for the compact version of 

the Pentagon’s pain ray. Known as the Active Denial System, 

the pain ray uses a beam of RF/microwave energy to repel a 

living target by heating the skin.

Recently, Northrop Grumman Corp. (www.northropgrum-

man.com) received an award from the U.S. Marine Corps for 

nine AN/TPS-80 Ground/Air Task-Oriented Radar (GATOR) 

2. The Patriot radar system was recently upgraded to GaN-based T/R 

modules and AESA technology for full 360-deg. scanning capability. 

(Photo courtesy of Raytheon Co.)

3. The AN/TPS-80 Ground/Air Task-Oriented Radar (GATOR) is now 

being assembled with solid-state GaN modules. (Photo courtesy of 

Northrop Grumman)

http://www.lockheedmartin.com
http://www.raytheon.com
http://www.northropgrumman.com
http://www.northropgrumman.com
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with KRYTAR
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military applications.
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❏ Test Equipment

❏ Simulation Systems

❏ SATCOM & SOTM

❏ Jammers for Radar & IEDs

❏ Radar Systems

❏ EW: ECM, ECCM & ESM
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MIL-Qualified RF, Microwave & mmW Components

❏ Directional Couplers  to 67 GHz

❏ 3 dB 90° Hybrid Couplers to 40 GHz

❏ NEW! 3 dB 180° Hybrid Couplers to 45GHz

❏ Beamforming Networks to 18 GHz

❏ Power Dividers to 45 GHz

❏ Detectors to 40 GHz

❏ Custom Applications

technical excellence and customer

Toll FREE: +1.877.734.5999 • FAX: +1.408.734.3017 • E-mail: sales@krytar.com

satisfaction.

www.krytar.com
1288 Anvilwood Avenue • Sunnyvale, CA 94089

low-rate initial production (LRIP) sys-

tems (Fig. 3). The systems support air 

surveillance, weapon cueing, counter-fire 

target acquisition, and air-traffic control. 

Northrop Grumman was previously 

contracted to supply six of the G/ATOR 

LRIP systems to the Marines, the first 

of which is scheduled for delivery by 

February 2017. By designing these latest 

nine systems around solid-state GaN 

technology for microwave amplification, 

the defense contractor has provided the 

Marine Corps with nearly $2 million in 

lifecycle cost savings per system.

“There are no other GaN ground-

based AESA radars in production 

today,” says Roshan Roeder, director 

of mission solutions for Northrop 

Grumman. “G/ATOR is the first DoD 

ground-based AESA system to incor-

porate GaN in a production program. 

We proposed this technology as a cost-

savings measure for the government 

and funded risk reduction internally 

to ensure a seamless insertion into the 

G/ATOR system. We are continuing 

to look at future technology insertions 

to continue providing the best capabil-

ity out there to our warfighters at an 

affordable cost.”

GaN is a wide-bandgap semicon-

ductor technology, with low parasitic 

capacitance and high breakdown volt-

age. It has wider bandgap than silicon-

bipolar, silicon-carbide (SiC), and 

gallium-arsenide (GaAs) transistor 

technologies, and amplifier designers 

have succeeded in using GaN devices 

in high-efficiency Class E and Class F 

amplifier designs, with efficiency levels 

theoretically approaching 100%. 

GaN material has excellent thermal-

conductivity properties for low self-

heating effects at high power levels. It 

also exhibits higher breakdown voltage, 

but lower carrier mobility, than GaAs, 

which will limit the upper frequency 

limits of GaN devices compared to 

GaAs transistors. 

GaN-based power amplifiers for radar 

and other applications are available from 

a growing number of suppliers, including 

GaN-on-silicon-carbide (GaN-on-SiC) 

substrates for high-power amplifiers. For 

example, component supplier Aether-

comm (www.aethercomm.com) recently 

delivered an L-band amplifier with Class-

F efficiency to a major defense contractor. 

The amplifier was based on off-the-shelf, 

packaged, GaN high-electron-mobility-

transistor (HEMT) devices. The amplifier 

was capable of more than 50 W output 

power with efficiency of 60% or more. 

The same company’s model SSPA 

0.1-1.0-300 is a wideband amplifier that 

offers evidence of the capabilities of 

cover story

http://www.krytar.com
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power amplifiers are an especially

consumption.

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 400 Watts – and higher –
for a variety of multi-function, radar and EW applications.
       • AMDR   • Shipboard Radar   • AESA Radar
       • VLO/FLO Threats   • New Land Radar   • EW   • UAVs

       More than thirty 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.
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USA-based thin-film microwave
production facility

GaN and GaAs Solid-State Power Amplifiers
for Multi-Function, Radar, and EW System Design

Enabling
wideband frequency agility

Enabling
wideband frequency agility

IS9100C

ISO 9001:2008

GaN technology. Designed for military 

and commercial applications, the GaN 

amplifier measures 5.25 × 10.15 × 1.97 

in., weighs 8.5 lb., and is capable of 250 

to 300 W average power from 10 to 

1,000 MHz. It provides high efficiency 

and operates from a MIL-STD-461 air-

craft power supply or an input voltage 

from +18 to +36 V dc.

In terms of radar market size, a 

number of market research forecasts 

agree that steady growth is expected 

for military radar markets around 

the world. British researcher Business 

Reports Updates (www.vgdefence.com)  

offers “Military Radar Systems Market 

Outlook 2016-2026,” a 329-page report 

that looks at 211 specific contracts by 

countries and breaks down markets 

into land-based, airborne, and maritime 

radar systems. It also provides profiles 

of the leading 13 military radar compa-

nies based on 2016 sales. The company 

also compiled the “Military Simulation, 

Modeling, and Virtual Training Market 

Report: 2016-2026,” a report on markets 

for military simulation. 

According to a report from Market 

Research Media (www.marketresearch-

media.com), “U.S. Military Unmanned 

Aerial Vehicles (UAV) Market Forecast 

2013-2018,” the use of radar technology 

is expected to increase dramatically in 

UAVs for the next several years. UAVs 

equipped with low-power radar systems 

are viewed as attractive tools for per-

forming remote surveillance. 

The report projects the market for 

UAV radar systems to grow to $86.5 

billion by 2018, rising at a compound 

annual growth rate (CAGR) of 12%. 

The use of solid-state GaN-based 

amplification can form the basis for 

lower-voltage radar systems that are 

practical, portable, and light in weight 

for realistic use in military and even 

government-sponsored UAVs, such as 

for weather radar UAVs. 

In commercial markets, radar technol-

ogy is being adopted widely in automo-

tive safety systems for forward- and rear-

looking, radar-based collision-avoidance 

systems. These are much higher-frequen-

cy radar emitters than in most military 

radar systems, operating at millimeter-

wave frequencies up to 77 GHz and at 

frequencies well beyond the limits of 

GaN semiconductor technology—they 

typically use lower-power GaAs and 

silicon-germanium (SiGe) devices. 

Whether for military, industrial, or 

commercial automotive applications, 

the spread of radar technology is almost 

relentless. Device technologies will 

continue to be developed or adapted to 

meet the different requirements. 

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
Low-Noise Amplifiers
Up and Downconverters
Subsystems

v Custom Engineered Options

ultra-wideband, operating in pulsed or CW mode, CTT’s

attractive choice for new multi-function
frequency-agile systems that effectively
conserve weight, space and power

      The characteristics of the portion of
the electromagnetic spectrum selected for any of
these particular system designs are undoubtably the
most important to the end user, as it has the greatest
impact on the type of information required and received.
      Engineered specifically to meet the stringent

requirements imposed by many modern system designs,

http://www.cttinc.com
mailto:sales@cttinc.com
http://www.vgdefence.com
http://www.marketresearchmedia.com
http://mwrf.com
http://www.marketresearchmedia.com
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S
ignal processing is often the difference between 

missing and identifying a radar target, delivering an 

effective electronic-warfare (eW) response, or main-

taining secure communications. a number of digital compo-

nents perform signal processing in military electronic systems, 

with digital signal processors (Dsps) and field-programmable 

gate arrays (Fpgas) often used separately or together. Finding 

the right component match for an application can be a chal-

lenge, although understanding key performance parameters 

and how they relate to different military electronic applica-

tions can help ease the process. 

Dsps are essentially types of microprocessors aimed at 

performing math-intensive operations. The processing power 

of a Dsp can be determined by its clock rate and the number 

of operations it can perform per clock cycle, such as how 

many additions or multiplications per second. its processing 

capabilities are typically characterized in terms of millions of 

instructions per second (Mips). 

a Dsp must be preconditioned or programmed to perform 

a particular function, usually by “c” programming code or 

some other assembly language. Dsps are designed to work 

with external memory on a printed -circuit board (pcB) or 

within a system, and can work with large amounts of available 

data for handling large processing operations. as a tradeoff, 

accounting is necessary for transferring data between a Dsp 

and the memory locations, plus any required transfer times. 

an Fpga, on the other hand, is a collection of transistor 

gates that are able to change functions in the field. The array 

of gates can be connected together to achieve different func-

tions, such as addition or multiplication, without the prior 

programming required for a Dsp. in some ways, an Fpga 

can be thought of as multiple Dsps or processors, each with 

its own dedicated memory, so that multiple functions can be 

performed. 

in addition to performing very-high-level operations—

like finite-impulse-response (Fir) filters, infinite-impulse-

response filters (iir), or fast-Fourier-transform (FFT) 

functions—Fpgas can perform Dsp functions (e.g., the afore-

mentioned addition and multiplication) at very high clock 

rates. again, with an Fpga, comparing performance is a 

Deciding on DSPs and  
FPGAs for EW

product feature

jack browne | Technical Contributor

Digital components like DSPs and FPGAs can provide the signal processing needed in modern 

radar and electronic- warfare systems, all the while helping to save size, weight, and power. 

1. A line of FPGAs includes different radiation-hardened models that offer long, reliable operating lifetimes in outer space. (Photo courtesy  

of Atmel)
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matter of determining how many useful 

functions can be performed per clock 

cycle, or how many total operations can 

be performed per second. 

In contrast to DSPs, FPGAs are 

designed and fabricated with internal 

memory. This enables functioning with-

out any memory-transfer delays, with 

fast data input/output (I/O) rates. As a 

tradeoff, the amount of memory and 

the size of the data sets processed are 

limited compared to a DSP. Of course, 

when an FPGA must handle large, 

complex data sets, it can be designed 

into a PCB or module with dedicated 

external memory to increase its pro-

cessing capabilities with minimum data 

I/O delays. 

One way to think of the differ-

ence between an FPGA and DSP for 

a military system is to imagine how a 

block diagram of part of the system (a 

receiver, for instance) might be han-

dled by each component. In an FPGA, 

equivalent receiver components (e.g., 

frequency mixers, filters, and ampli-

fiers) are defined as specific functions 

within the FPGA. Once those functions 

are defined, the FPGA provides fairly 

efficient operation. However, the func-

tions cannot be easily changed, since 

the gates within the device have been 

set for the desired signal processing. 

In a DSP, though, the block diagram 

is defined by programming code in 

terms of its functionality. If necessary, 

a DSP programmed as a receiver could 

be reprogrammed as a transmitter, with 

the signal branching and complex deci-

sion making determined as responses 

to the programming code. 

In many military electronic sys-

tems (portable systems, in particular), 

power efficiency is important in main-

taining military design goals for size, 

weight, and power (SWaP). The power 

efficiency of signal processing as per-

formed by multicore processors, DSPs, 

or FPGAs is usually compared in terms 

of millions of floating-point operations 

per watt (MFLOPS/W) and billions 

of floating-point operations per watt 

(GFLOPS/W). FPGAs typically excel in 

this area compared to DSPs. 

2. Stratix 10 FPGAs can operate at clock rates to 1 GHz, and with power efficiency to 80 GFLOPS/W. 

(Photo courtesy of Altera)

Soldier Worn & Handheld
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In-Built RF Filters:  Essential for high RF performance including 9 tracking suboctave 
bandpass filters for RX, and 9 fixed suboctave lowpass filters for TX

Integration:  Inside antennas, manpacks, UAV’s, networked sensor nets, etc.

Locking:  Optional GPS time and frequency locking with 9 axis gyro/compass sensor

Development Kit:  Available with FPGA DSP blocks, examples in source code, and 
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When failure is not an option! Our CMA family of ceramic 

MMIC amplifiers is expanding to meet your needs for more 

critical applications. Designed into a nitrogen-flled, hermetic 

LTCC package just 0.045" high, these rugged models have 

been qualifed and are capable of meeting MIL standards for a 

whole battery of harsh environmental conditions:

Low NF from 0.5 dB ea. (qty 20)

$745
from

Model Freq.  Gain  POUT  IP3  NF  DC Price $ ea.
(GHz) (dB) (dBm) (dBm) (dB) (V) (qty 20)

CMA-81+ DC-6 10 19.5 38 7.5 5 8.95

CMA-82+ DC-7 15 20 42 6.8 5 8.95

CMA-84+ DC-7 24 21 38 5.5 5 8.95

CMA-62+ 0.01-6 15 19 33 5 5 7.45

CMA-63+ 0.01-6 20 18 32 4 5 7.45

CMA-545+ 0.05-6 15 20 37 1 3 7.45

CMA-5043+ 0.05-4 18 20 33 0.8 5 7.45

CMA-545G1+ 0.4-2.2 32 23 36 0.9 5 7.95

CMA-162LN+ 0.7-1.6 23 19 30 0.5 4 7.45

CMA-252LN+ 1.5-2.5 17 18 30 1 4 7.45

 Qualifed for : (see website for complete list and details )

Gross and Fine Leak HTOL (1700 hours  @ +105°C)
Mechanical Shock Steam Aging 
Vibration Solder Heat Resistance
Acceleration Autoclave
PIND And More!

Exposed Terminals for 
Easy Solder Inspection

Tiny Size
3 x 3 x 1.14 mm high

LTCC Construction
Outstanding Thermal Stability

Hermetically Sealed Nitrogen Filled
100% Tested*
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™
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Integrated
Microwave Assemblies
for Military Radar
Applications

Beverly Microwave Division
150 Sohier Road  • Beverly, MA 01915

Phone: +1(978) 922-6000  •  Email: bmdmarketing@cpii.com 

 www.cpii.com/bmd

Contact us about
integrating
your designs today.

Real-WoRld SolutionS

As exAmples of the processing capabili-

ties available from high-speed DSPs, models 

C6654 and CC6652 are (respectively) fixed- 

and floating-point DSPs recently introduced 

by Texas Instruments (www.ti.com). Based on 

the firm’s KeyStone multi-processor core archi-

tecture, and incorporating the new C66x DSP 

core, these DSP devices run at clock speeds to 

850 MHz (C6654) and 600 MHz (C6652). With 

an extended operating temperature range of 

−40 to +100°C, the devices are suitable for avi-

onics and other defense applications as well as 

for ruggedized commercial applications. 

Each DSP features two on-chip phase-

locked loops (PLLs), two channels of 8- or 

16-b processing, 8 GB of addressable memory 

space, and I2C and SPI interfaces. The model 

TMS320C6652 DSP provides a cycle time of 

1.167 ns at 600 MHz, delivering 19.2 GMACS  

and 9.6 GFLOPS at 600 MHz. The model 

TMS320C6654 has a cycle time of 1.175 ns 

at 850 MHz, providing 27.2 GMACS and 13.6 

GFLOPS at 800 MHz. 

Additional suppliers of DSPs include Analog 

Devices (www.analog.com), Infineon Technolo-

gies (www.infineon.com), Intersil (www.intersil.

com), Microchip Technology (www.microchip.

com), NXP Semiconductors (www.nxp.com), 

ON Semiconductor (www.onsemi.com), STMi-

croelectronics (www.st.com), and Zilog (www.

zilog.com). 

As an example of a military-grade FPGA, the 

Virtex-7 X980T FPGA from Xilinx (www.xilinx.

com), has been used in a 24-channel portable 

radar beamformer and demonstrated as much 

as 987 GFLOPS capability with lower power 

consumption. Fabricated on a 28-nm silicon 

semiconductor process, the FPGA achieves as 

much as 2.8- Tb/s total serial bandwidth with 

as many as two million logic cells. 

Atmel (www.atmel.com) has been a longtime 

supplier of both radiation-tolerant and radiation-

hardened (rad-hard) FPGAs for space-based 

applications (Fig. 1). As an example, model 

AT40KEL040 is a rad-hard FPGA dedicated 

for space use. It is based on a static-random-

access-memory (SRAM) architecture with 

46,000 application-specific-integrated-circuit 

mailto:bmdmarketing@cpii.com
http://www.cpii.com/bmd
http://www.ti.com
http://www.analog.com
http://www.infineon.com
http://www.intersil.com
http://www.intersil.com
http://www.microchip.com
http://www.microchip.com
http://www.nxp.com
http://www.onsemi.com
http://www.st.com
http://www.zilog.com
http://www.zilog.com
http://www.xilinx.com
http://www.xilinx.com
http://www.atmel.com


Go To mwrf.com 73

(ASIC) gates and fabricated in a 0.35-µm silicon 

CMOS semiconductor process. The FPGA, 

which operates at internal clock rate of 60 MHz, 

provides 18-ns memory access speed over an 

operating temperature range of −55 to +125°C. 

Altera (www.altera.com), now part of Intel 

Co. (www.intel.com), offers high-performance 

Stratix 10 FPGAs that support advanced 

beam-forming functions in many stationary and 

portable military radar systems (Fig. 2). Capable 

of operating at clock rates to 1 GHz, these 

FPGAs can perform at rates to 10 TFLOPS with 

power efficiency to 80 GFLOPS/W. 

In addition, Microsemi Corp. (www.microsemi.

com) supplies high-performance, low-power 

and radiation-tolerance FPGAs and systems-

on-a-chips (SoCs) for commercial, industrial, 

and military applications. Earlier this year, 

the company acknowledged its support of 

defense contractor Lockheed Martin during 

the U.S. Navy’s successful 158th, 159th, and 

160th test launches of the Trident II D5 Fleet 

Ballistic Missile (FBM). Lockheed Martin has 

been the U.S. Navy’s strategic missile prime 

contractor, and Microsemi has played a strong 

part in achieving the signal-processing goals 

of these missile guidance systems with its 

FPGAs and SoCs. 

In many defense systems, signal processing 

is not accomplished solely by DSPs or FPGAs, 

but through a combination of the two, along 

with multiple-core microprocessors and various 

other digital components. Suppliers of DSPs 

and FPGAs typically offer sample boards for 

different applications, such as secure commu-

nications systems and portable radar systems, 

to help users through their own system-design 

process. System designs employing both DSPs 

and FPGAs offer a great deal of flexibility, since 

different types of functions, such as fixed-point 

and floating-point operations, can be directed 

to the different types of processors. 

In addition to sample boards, many com-

ponent suppliers also support their devices 

with model libraries that can speed the design 

process, such as models for FIR filters, FFTs, 

and IIR filters. Design support should be a 

consideration in addition to component perfor-

mance when selecting and specifying a DSP 

or FPGA. n
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Coupler Passes DC, Power Levels to 200W 

Capable of paSSING dc and handling high-frequency 

power levels to 200 W for signals from 225 to 450 MHz, the 

model MbDa-30-451Hp 50-Ω bidirectional coupler offers low 

loss and high directivity. This compact 30-db coupler features 

mainline insertion loss of only 

0.15 db and directivity 

of 28 db. Typical in-

put and output return 

loss is 30 db. Typical 

coupling fatness is ±0.85 

db, with worst-case cou-

pling fatness of ±1 db. Well-

suited for use in VHf and UHf radios for antenna feeds and 

with high-power amplifers, the miniature coupler operates over 

a temperature range of −55 to +105°C. It measures just 1.0 × 

1.0 × 0.051 in.

MINI-CIRCUITS

P.O. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500, 

www.minicircuits.com

Frequency Dividers Tackle 0.5 to 18.0 GHz 

H IGH-relIabIlITy (HI-rel) frequency  dividers have been 

developed in bands from 0.5 to 18.0 GHz. available in 

divide-by-two, four, fve, eight, and 10 confgurations, the 

frequency-divider modules are well-suited for use with phase-

locked loops (plls) in frequency synthesizers. based on Gaas 

heterojunction-bipolar-transistor (HbT) monolithic-microwave-

integrated-circuit (MMIC) technology, the frequency dividers 

operate on a single +5-V dc supply and can achieve typical 

additive phase noise of –155 dbc/Hz offset 100 kHz from the 

carrier. They provide output-power levels from –1 to –4 dbm 

and are qualifed to ear99 requirements. all models come with 

feld-replaceable SMa connectors in Kovar packages and meet 

MIl-STD-883 requirements. They have an operating tempera-

ture range of –55 to +85°C.

paSTeRNaCk eNTeRpRISeS INC.

17802 Fitch, Irvine, CA 92614; (949) 261-1920, (866) 727-

8376, www.pasternack.com 

Amplifer Boosts Forward and Backward 

MoDel TTrM1010 is a bidirectional solid-

state amplifer capable of 3 W out-

put power from 30 to 3,000 MHz. 

Well-suited for small- to medium-

sized unmanned-aerial-system 

(UaS) applications, the amplifer 

incorporates power-supply cir-

cuitry for operating from power 

sources from +9 to +36 V dc. Typical 

gain is 23 db, while typical noise fgure is 3 

db. The amplifer measures 3.25 × 2.00 × 0.993 in.

TRIad RF SySTeMS

11 Harts Lane, Ste. I, E. Brunswick, NJ 08816; (855) 558-

1001, e-mail: sales@triadrf.com, www.triadrf.com

Frequency Synthesizer Tunes 3 to 6 GHz 

LoW NoISe frequency synthesizer model KMTS2500-

300600-10 combines the best in direct-digital-synthesis 

(DDS) and voltage-controlled-oscillator (VCo) technologies 

for excellent spectral purity from 3 to 6 GHz. The synthesizer 

achieves 1-Hz tuning resolution with less than 2-W power con-

sumption and is ideal for use in radar systems, unmanned aerial 

vehicles (UaVs), communications systems, and test equipment. 

It provides at least +4 dbm output power across the tuning 

range. Typical phase noise is –87 dbc/Hz offset 1 kHz from the 

carrier and –93 dbc/Hz offset 100 kHz from the carrier. Typical 

harmonic level is –18 dbc, with typical spurious of –50 dbc. 

The synthesizer operates on +12-V dc supplies and has an op-

erating temperature range of –20 to +70°C.

SyNeRgy MICRowave CoRp.

201 McLean Blvd., Paterson, NJ 07504; (973) 881-8800, 

www.synergymwave.com  

Bandpass Filter Screens 0.7 to 

6.0 GHz 

MoDel DTra-00014 is a digitally 

tunable flter with continuously 

adjustable bandwidth from 700 MHz 

to 6 GHz. Since different passbands 

of bandpass flters are often required 

to suppress signals in commercial, 

industrial, and military electronic ap-

plications, this single bandpass flter can 

be set for typical passbands of 5, 10, 15, 20, and 40 MHz to 

eliminate unwanted interference within a particular passband and 

center frequency. The rack-mount flter, which includes ethernet 

and General purpose Interface bus (GpIb) interfaces, is also well-

suited for use in automatic-test-equipment (aTe) systems.

k&L MICRowave

2250 Northwood Dr., Salisbury, MD 21801; (410) 749-2424, 

www.klmicrowave.com

http://www.minicircuits.com
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Design Feature

D
evelopment of ultrawideband (UWB) commu-

nications systems requires the design of many 

different component functions, including 

bandpass filters (BPFs) with acceptable selec-

tivity. To serve UWB communications applications, a compact 

UWB BPF with reasonable selectivity and an integral notched 

band was fabricated with two interdigital, coupled, three-line 

structures. Selectivity was improved by adding another signal 

path loaded by two short-circuit stubs. The filter exhibits sharp 

rolloff to its rejection bands with a wide fractional bandwidth 

of 116%, with 25-dB rejection in the notched band. 

The UWB spectrum from 3.1 to 10.6 GHz has attracted 

lots of attention in recent years due to its excellent energy 

efficiency—it supports short-range transmission of very high 

data rates while only requiring very low power levels. This 

spectrum was authorized for commercial radio use at low 

transmit levels in 2002.1

A great deal of research has been reported on efforts to 

develop BPFs with high selectivity for UWB use while achiev-

ing wide stopband, low insertion loss, and compact size.2-12

One approach, with three coupled interdigital transmission 

lines, has proven popular in recent UWB BPF designs.2,3

Other UWB BPF design approaches involve the use of tran-

sitions between different microwave transmission lines, such 

as microstrip and coplanar waveguide (CPW). These UWB 

BPFs have incorporated both CPW-to-microstrip transitions4 

and microstrip-to-CPW transitions.5 In ref. 6, a new approach 

involving a bandpass defected microstrip resonator was used 

to implement an UWB BPF.

Because UWB signals are used at such low levels over such 

wide bandwidths, interfering signals are inevitable, leading 

to the development of various methods to create a notched 

band within the passband of an UWB BPF.7-12 For example, an 

L-shaped open-end slot was inserted in a trisection-stepped-

impedance-resonator (TSSIR) to gener-

ate a notched band at 5.5 GHz.7 In ref. 8, a 

parasitic coupled line was added to achieve 

an UWB BPF with a notched band. In ref. 

9, a microstrip-to-stripline transition was 

used in the UWB BPF, and a microstrip stub 

located at the feedlines helped to reject wire-

less-local-area-network (WLAN) signals 

within the UWB frequency range.

In ref. 10, a slow-wave, half-mode, sub-

strate-integrated-waveguide (SW-HMSIW) 

UWB BPF design achieved a notched band 

through the use of an L-type resonator. 

More recently, several novel structures were 

reported to implement a notch band, such as 

the via-loaded ring resonators11 and a spiral 

defected ground structure.12

UWB Bandpass Filter  
Includes Notched Band
Leveraging two interdigital coupled three-line structures with bandpass 

characteristics, this compact ultrawideband filter incorporates a notched band 

with 25-dB rejection. 

Xia Xinlin | Master 
Yu liu | Doctor, Associate Professor 
Yang Tao | Doctor, Associate Professor
University of Electronic Science and Technology of China, School of Electronic Engineering, 
Chengdu, Sichuan 611731, People’s Republic of China; e-mail (for Xia Xinlin): xx10702@sina.cn 
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1. These diagrams show the basic BPF configuration with (a) Path 1 and Path 2 and (b) 

an equivalent transmission-line model of the filter.
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UWB Bandpass Filter 

Design Details

To achieve good selectivity over the wide UWB frequency 

range, a BPF with a novel structure based on three interdigital 

coupled lines was developed (Fig. 1). To facilitate the design 

process, an equivalent-circuit transmission-line model was 

constructed using the Advanced Design System 2009 (ADS 

2009) computer-aided-engineering (CAE) simulation soft-

ware from Agilent Technologies (now Keysight Technologies).

Compared with traditional UWB BPFs based on the inter-

digital coupled three-line structures, the proposed filter offers 

improvements in terms of selectivity, small size, and low inser-

tion loss. The filter also achieves a notched band at 7.3 GHz 

with a maximum rejection loss of 25 dB. A prototype was fab-

ricated and measured using commercial test equipment, with 

test results matching closely with the computer simulations.

Figure 1 shows the basic structure of the UWB BPF and its 

equivalent-circuit transmission-line model. Input 

signals travel through two different signal paths. 

The filter’s main transmission path consists of 

two interdigital coupled three-line structures. The 

other signal path is a transmission line loaded 

with two short-circuited stubs.

As the simulations of paths 1 and 2 show in 

Fig. 2a, the interdigital coupled three-line struc-

tures of path 1 exhibit bandpass characteristics. 

These characteristics are not directly usable for 

UWB filtering because of unsatisfactory out-

of-band characteristics like poor selectivity and 

narrow upper stopband. Additional filtering is 

provided by the transmission line loaded by the 

two short-circuited stubs (path 2), which func-

tions as a narrow bandpass filter.

To simplify analysis, as detailed in ref. 13, the 

three interdigital coupled lines can be converted 

to an asymmetric parallel coupled-line struc-

ture. For convenience’s sake with respect to the 

filter design, its equivalent circuits (Fig. 3) are 

analyzed by ADS 2009. The simulated results of 

the equivalent circuits with different coupling 

coefficients are shown in Fig. 2b. In this work, its coupling 

coefficient of coupled lines is 0.64 due to limitations of manu-

facturing technology and the requirement of UWB. The opti-

mized parameters for the proposed filter using ADS software 

were as follows:

Z1 = 143 Ω;

Z2 = 93 Ω; 

Z3 = 93 Ω;

θ1 = 26 deg.; 

θ2 = 90 deg.; 

θ3 = 90 deg.; 

Zoo = 62 Ω; 

Zoe = 278 Ω; and 

θ4 = 90 deg. 

2. These plots show 

simulations of (a) the 

filter’s Path 1 and Path 2 

transmission paths and 

(b) the equipment circuit 

representation of the 

filter of Fig. 3. 
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3. This simplified equivalent circuit represents the UWB BPF. 

4. The UWB BPF was fabricated on 0.787-mm-thick RT/duroid 5880 

circuit-board material (from Rogers Corp.) with relative permittivity of 2.2. 
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UWB Bandpass Filter 

Introducing the transmission line with two stubs gener-

ates two transmission zeros around the passband edges, sig-

nificantly improving the UWB BPF selectivity. Moreover, a 

notched band at the passband center frequency is obtained.

Finally, according to parameters provided by ADS 2009, 

an UWB BPF was fabricated on RT/duroid 5880 from Rogers 

Corp. (www.rogerscorp.com) for experimental analysis. The 

circuit material has a dielectric constant (relative permittivity) 

of 2.2 measured at 10 GHz in the z-axis (thickness); circuit 

materials with 0.787-mm thickness were used for the filter.

Figure 4 presents a photograph of the fabricated UWB BPF. 

The filter was assembled according to the following param-

eters, developed with the aid of the ANSYS High Frequency 

Structure Simulator (HFSS) electromagnetic (EM) simulation 

software (V 13) from ANSYS (www.ansys.com):

w0 = 2.4 mm; 

l0 = 4 mm;

s = 0.1 mm; 

d2 = 0.425 mm; 

g2 = 0.35 mm; 

d0 = 0.45 mm; 

w1 = 0.1 mm; 

w2 = 0.25 mm; 

g0 = 0.15 mm;

g1 = 0.35 mm; 

w3 = 0.8 mm; 

d1 = 0.7 mm; 

l1 = 7.03 mm; 

w4 = 0.8 mm; 

TesT ResUlTs

The S-parameters of the fabricated filter were 

obtained through measurements with a model 

E8383B vector network analyzer (VNA) from 

Agilent Technologies (again, now Keysight Tech-

nologies). As shown in Fig. 5, good consistency 

between the simulation and experiment results is 

observed except for the tiny frequency shift mainly 

caused by the machining and assemblage errors.

The measured results reveal that this filter 

achieves a very wide fractional bandwidth of 

116% (3.05 to 11.4 GHz) with good return loss. 

Besides, this filter has a low insertion loss (>0.6 

dB) within the passband. Obviously, it achieved 

sharp selectivity due to the transmission zeros at 

the lower and upper passband edges, respective-

ly. Moreover, a notched band with a maximum 

rejection loss of 25 dB at 7.3 GHz was obtained. 

The group delay is relatively flat across the full 

UWB passband, with 0.25 ns or less variation 

(not including the notched band). 

5. These plots show simulated and measured results for (a) transmission loss and (b) group delay behavior. 

COMPARING THE PROPOSED 

FILTER DESIGN WITH OTHER FILTERS

Reference SF 3-dB FBW
|S11| 

(dB)

|S21| 

(dB)

Fc

(GHz)
Size 

(λg×λg)

2 0.88 108% >10 NG 12.6 1.12 ×0.84

3 0.82 103% >15.1 <0.6 15.1 0.94×0.63

4 0.50 95% >11 <1.83 16 1.07×0.35

5 0.80 116% >14 <0.68 12.4 1.10×0.55

6 0.65 110% >10 <1 13.5 1.67×0.08

7 0.80 118% >11.5 <1 13.6 0.98×0.35

8 0.54 103% >12.5 <0.45 NG 0.75×0.40

9 0.8 114% >10 <0.83 14.5 1.14×0.90

10 NG 113% >14.9 <1.77 NG 0.87×0.66

11 0.74 109% >10 <1.5 27.6 0.82×0.50

12 0.72 110% >11 <0.6 15.6 0.68×0.50

Current work 0.91 116% >15 <0.6 17.5 0.51×0.11

Notes: The selectivity factor (SF) = ∆f(3 dB)/∆f(20 dB); Fc = the upper stopband frequency for 

20-dB insertion loss; NG means not given; λg = the guided wavelength at 6.85 GHz.
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The table compares the performance of this UWB BPF with 

notched band to other UWB filters reported in the technical 

literature. Looking at the table, this novel UWB BPF has lower 

insertion loss, more compact size, wider passband bandwidth, 

and somewhat sharper selectivity.

The compact UWB filter shows measured performance that 

compares favorably with the best published results for UWB 

BPFs, including good selectivity, low insertion loss (>0.6 dB), 

compact size (0.51λg × 0.11 λg), good 

return loss (<15 dB), and wide band-

width (3.05 to 11.4 GHz). Such perfor-

mance levels make it a likely candidate 

for UWB communications systems, 

especially when the notched band can 

be applied to diminish the effects of 

troublesome interference within the 

UWB frequency range. 
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Design Feature

W
aveguide has long been a reliable, 

low-loss transmission line technol-

ogy capable of handling high power 

levels and forming high-quality-fac-

tor (high-Q) resonators. But it is large and heavy compared to 

transmission-line technologies constructed on printed-circuit-

board (PCB) materials. Substrate-integrated-waveguide (SIW) 

transmission-line technology brings some of the features of 

rectangular waveguide to the miniature size of PCB circuits. 

In addition, SIW transmission lines are easy to fabricate. By 

using SIW transmission lines to fabricate complementary split-

ring resonator (CSRR) structures, it is possible to achieve wave-

guide-like filter performance from a planar PCB.

As with metallic waveguides, SIW circuits with CSRR ele-

ments are capable of achieving high-quality-factor (high-Q) 

performance. By combining SIW technology with CSRR circuit 

elements, it is possible to build a low-profile planar bandpass fil-

ter on a single substrate with high-Q performance for radio front 

ends in broadband communication systems (Fig. 1). 

CSRRs etched in the ground plane or conductor strip of a 

planar transmission media, such as 

microstrip or coplanar waveguide 

(CPW), provide a negative effective per-

mittivity to the structure. In doing so, 

they preclude signal propagation and 

provide stopband behavior at the reso-

nant frequency of the CSRR structure.1

CSRRs have been proposed for the 

synthesis of negative permittivity and 

left-handed (LH) metamaterials in pla-

nar configurations.1-3 CSRRs are the dual 

counterparts2 of the split-ring resonators 

(SRRs) proposed by Pendry.4  CSSRs have 

been applied to the design of compact 

bandpass filters with high performance 

and controllable characteristics.5, 6

By forming them with 

SIW technology, it is pos-

sible to achieve excellent 

filter performance from 

small planar circuits. SIW 

transmission lines are cre-

ated by forming two rows 

of metallized viaholes 

in a PCB substrate. The 

field distribution in a SIW 

transmission line is simi-

lar to that in a conventional 

rectangular waveguide. 

Figure 2 shows the basic 

structure of an SIW trans-

mission line. It has two rows of metallized viaholes on both 

sides of the substrate. The key design parameters for achieving 

a desired level of performance include the diameter of the via-

holes, the separation between two successive viaholes, and the 

separation between the rows of viaholes. Such parameters are 

Complementary split-ring resonators etched into substrate-integrated-waveguide 

circuits can form the basis of broadband PCB bandpass filters at microwave frequencies. 

Split-Ring Resonators 
Add to SIW Bandpass Filter

Dr. Benmostefa naima | Researcher
STIC Laboratory, Department of Electrical Engineering, Faculty of Technology, University of Tlemcen, 
Post Box 230, Pole of Chetouane, 13000 Tlencen, Algeria; benmostefanaima@yahoo.fr

1. This is the basic structure of a 

CSRR, with inner and outer rings and 

the dark areas representing metal-

lization of the rings. 

2. A simplified view of a SIW transmission line (left) is shown next to a cross-sectional view of 

a dielectric-loaded rectangular waveguide (right).

h h

a aRWG

εr εr
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essential for designing low-loss SIW circuitry. To design an SIW 

circuit with low radiation loss, several conditions should also 

be met:

D < λg/5     

and 

b = 2D

where 

a = the center-to-center distance between two parallel metallized 

viaholes;

b = the height of the substrate; 

c = the speed of light in a vacuum;

d = the diameter of the metallized viaholes; 

D = the periodic distance between two viaholes; 

λg = the wavelength of the waveguide;

aRWG = the width of a dielectric filled metallic waveguide equiva-

lent to the SIW

Parameter b should be as small as possible to minimize radia-

tion losses. Parameter D, which also impacts the loss perfor-

mance of an SIW circuit, will change according to b. The ratio of 

b to D is more critical in maintaining low radiation loss than the 

individual values of b and D. 

When designing SIW transmission lines for a particular 

frequency range, the cutoff frequency, fc, is determined as a 

function of the width and length of the SIW structure. An SIW 

structure has highpass characteristics. It exhibits a transverse 

electromagnetic (TE) TE10 mode with dispersion character-

istics—characteristics that are almost identical with the same 

mode of a dielectric filled rectangular waveguide with an equiva-

lent width.

The effective width of an SIW structure is given by:

aRWG = a – (D2/0.95b)  

while fc can be found from

fc = C/[2(εr)
0.5 aRWG]

Figure 3 shows the layout of an SIW circuit with CSSRs etched 

in the top layer of a PCB substrate. Figure 4 depicts the layout 

of an SIW circuit with CSSRs etched in the bottom layer of the 

substrate. Since CSRRs are etched in the center of the top or 

bottom layers of the substrate—and they are mainly excited by 

the electric field induced by the SIW (as for TE10 mode)—this 

coupling can be modeled by connecting the capacitance of the 

SIW transmission lines to the CSRRs. Using this strategy, the 

lumped-element equivalent circuit for an CSRR-loaded SIW 

circuit is shown in Fig. 5.

As long as the electrical size of the CSRRs is small, the struc-

tures can be described by 

means of lumped elements. 

In these models, L is the 

SIW inductance and C is 

the coupling capacitance 

3. The top view of a PCB substrate shows an SIW circuit with etched 

CSRR.

4. The bottom view of a PCB substrate shows the bottom of the CSRR 

etched in the substrate.
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6. These simulated responses show the insertion loss (S21) and return 

loss (S11) for the basic CSRR cell depicted in Fig. 3. 

5. This equivalent-circuit model 

represents the CSRR-loaded SIW 

circuit shown in Figs. 3 and 4. 
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Split-Ring Resonators

between the SIW and the CSRR. The resonator is described by 

means of a parallel tank,7, 8 with Lc and  Cc being the reactive 

circuit elements and R accounting for loss. 

Using this model, the transmission-zero frequency which 

nulls the shunt impedance was determined through simulations 

and measurements. To demonstrate the viability of the proposed 

technique, it was applied to the determination of the electrical 

parameters of a single-cell CSSR-loaded SIW circuit. 

The structures of Figs. 3 and 4 were simulated for fabrica-

tion on RT/duroid 5880 circuit laminate material from Rogers 

Corp. (www.rogerscorp.com). The PCB material has a relative 

dielectric constant, ε r, of 2.22 at 10 GHz in the z axis (thickness) 

of the material. The material’s thickness, h, is 0.254 mm, and 

dissipation factor (loss), δ, is 0.002. The width of the access lines 

is 0.76 mm. 

Figures 6 and 7 show the simulated scattering (S) parameters 

for the circuits depicted in Figs. 3 and 4, respectively. The circuit 

structures show similar characteristics, except that the circuit of 

Fig. 3 achieves higher stopband attenuation. 

The single SIW CSRR cell shown in Fig. 4 was designed using a 

cell with outer-circle radius of 1.8 mm and inner-circle radius of 

7. These simulated responses show the insertion loss (S21) and 

return loss (S11) for the basic CSRR cell depicted in Fig. 4.

8. A compact SIW bandpass filter was formed with three cascaded 

CSRR cells and tapered lines for interconnection with microstrip 

input and output transmission lines. 
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9. These simulated responses show the insertion loss (S21) and return 

loss (S11) for the SIW bandpass filter of Fig. 8.

10. This is an SIW transmission line with single CSRR cell etched in 

the top layer. 
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1.0 mm. To minimize losses, a microstrip feed was used to obtain 

maximum coupling between the SIW filter and the external feed 

line. By reducing the dimensions of the CSRR cell, the resonant 

frequency will increase.

The CSRR cell was loaded periodically onto the face of the 

SIW circuitry, but its edges were adjusted in size to achieve ade-

quate bandwidth. As a result, their size has been slightly adjust-

ed—to 1.7 mm for the outer-circle radius and 0.9 mm for the 

inner-circle radius—using the RT/duroid 

5880 PCB substrate material. 

Following simulation via the High 

Frequency Structure Simulator (HFSS) 

EM simulation software from ANSYS 

(www.ansys.com), the single cell CSRR 

was found to resonate at around 6.5 GHz, 

yielding negative effective permittivity at 

that frequency. Figures 6 and 7 show sim-

ulated results for the CSRR-loaded SIW 

structures of Figs. 3 and 4, respectively, 

from 4 to 10 GHz. 

When CSRR cells are cascaded, as 

shown in Fig. 8, the SIW circuit exhib-

its bandpass behavior from 7.2 to 10.0 

GHz with very low return and insertion 

losses. When two CSRR cells are added 

and aligned with the central CSRR struc-

ture, the resulting structure achieves wide 

bandwidth from 4 to 12 GHz as part of a 

bandpass response (Fig. 9). 

A SIW circuit with square CSRR cell 

was designed using a width of 3.6 mm for 

the outer ring and 2.0 mm for the inner 

ring (Fig. 10). A taper was employed to 

minimize losses by maximizing coupling 

between the SIW filter and the external 

line. Otherwise, the SIW circuit dimen-

sions were the same as those for the SIW 

circuits with circular CSRR cells. The SIW 

circuit with square CSRR cell was simu-

lated with HFSS software, with minimal 

reflections found around 7.4 GHz, when 

the effective permittivity of the CSRR cell 

is negative (Fig. 11). 

Editor’s Note: To read the full version of this 

article, visit mwrf.com.

Split-Ring Resonators

Coaxial RF Cable Assemblies

Build It
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11. These simulated responses show the 

insertion loss (S21) and return loss (S11) for the 

SIW circuit with single CSRR cell of Fig. 10.
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M
odern wireless systems have long 

depended on monolithic microwave 

integrated circuits (MMICs) and are 

increasingly relying on the use of mul-

tiple-input, multiple-output (MIMO) antenna techniques. As 

much as these abbreviations seem similar, what exactly is each 

technology and what roles do each play in a wireless system? 

Knowing the differences between MMICs and MIMO systems 

can help avoid confusion when assembling the components 

for a modern wireless communications system.. 

MMICs are integrated circuits (ICs), designed for use at 

microwave frequencies and, occasionally, as high as millime-

ter-wave frequencies. They were originally fabricated solely on 

gallium- arsenide (GaAs) semiconductor wafers. Now, though 

they are based on a wide range of semiconductor materials, 

including silicon (Si), indium phosphide (InP), silicon germa-

nium (SiGe), and, increasingly, gallium nitride (GaN) for its 

capabilities of operating at high voltages and 

high power levels at microwave fre-

quencies (as a basis for microwave 

amplification and for transmit-

ter and transceiver circuits). 

MMICs comprise a num-

ber of different high-fre-

quency components on the 

same chip, supplied in semi-

conductor die form or in a 

package, such as a surface-

mount-technology (SMT) 

package for ease of mounting on 

a printed circuit board. A MMIC 

can be a passive component, such as 

a filter, or an active component, such as an 

amplifier, rather than a 

transistor in a similarly 

small package. 

As an example, the model CMD233C4 from Custom MMIC 

(www.custommmic.com) is a distributed amplifier in a low-

profile package (Fig. 1) fabricated on GaAs semiconductor 

substrate material. It is extremely broadband, operating from 

2 to 18 GHz with more than 9-dB small-signal gain, 4.5-dB 

noise figure, and +20.5-dBm output power at 1-dB compres-

sion. The MMIC is impedance-matched to 50 Ω and powered 

by a single bias supply of +3 to +6 V dc. 

RF/microwave MMICs are available from a large number 

of suppliers, in die and packaged formats, which simplifies 

the task of adding component functions while shrinking the 

overall size of a system design. MMICs can be mass-pro-

duced from large semiconductor wafers (Fig. 2) and screened 

through automated testing to maintain proportionally lower 

cost for each component than the equivalent cost of each of the 

discrete component functions they replace.

While GaAs was once the semiconductor wafer mate-

rial of choice for microwave MMICs, more 

work at present is being done at high 

frequencies on GaN wafers (at least 

for power amplifiers) because of 

the material’s enhanced power 

capabilities compared to 

GaAs. Many military con-

tractors, such as Northrop 

Grumman Corp. (www.

northropgrumman.com), 

maintain their own GaN 

and GaAs wafer/semicon-

ductor foundries as a source of 

high-frequency semiconductors. 

In addition, commercial semi-

conductor foundries offer wafers and 

fabrication services 

that enable customers 

to submit design files 

These abbreviations stand for two completely different things—antennas and 

semiconductors—although surprisingly some similarities exist between the two. 

Deciphering Between

MIMO and MMICs

What’s the Difference?
jack browne | Technical Contributor

1. By using large semiconductor wafers, great numbers of MMIC devices can  

be fabricated and produced with high yields. (Courtesy of MACOM.)
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What’s the Difference?

in software to fabricate MMICs or discrete devices within the 

limits of a particular commercial semiconductor foundry’s 

design guidelines. GaN is currently a widely accepted start-

ing material for high-frequency MMICs, with many device 

designers in quest of filling one major gap between GaN and 

GaAs, and that is for a truly low-noise amplifier (LNA) based 

on GaN material. 

 Boosting CapaCity With MiMo

MIMO antennas are similar to MMICs in that they integrate 

a number of antennas into a single package (Fig. 2). These 

antennas take advantage of multipath propagation to improve 

the performance and capacity of a wireless communications 

system. Prior to the use of MIMO techniques, multipath 

effects were never considered a good thing. Signal multipath 

is caused by transmitted signals bouncing off objects between 

a transmit antenna and a receive antenna, such as buildings, 

towers, bridges, and any object with sufficient mass and mate-

rial type to deflect electromagnetic (EM) energy.

Legacy wireless communications systems have used what 

are known as single-input, single-output (SISO) antenna con-

figurations. MIMO approaches employ multiple transmit and 

receive antennas or antenna elements to send signals along a 

number of different propagation paths (Fig. 2) rather than a 

single signal path and, in the process, enable increased data 

rates for a given frequency and bandwidth. 

MIMO methods can increase channel capacity as a func-

tion of the increasing number of antenna elements or boost 

performance in terms of signal-to-noise -ratio (SNR) of a 

transmitter-receiver combination. Quite simply, more anten-

nas in a MIMO system, such as a 4 × 4 MIMO system, with 

four transmit and four receive antennas, versus a 2 × 2 MIMO 

system, with two transmit and two receive antennas, means 

faster data rates and greater capacity. 

MIMO techniques were developed in response to the ever-

increasing number of wireless communications subscrib-

ers and limited amount of available bandwidth. MIMO is 

employed in a number of mobile communications standards, 

including IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), 

Third-Generation (3G) wireless systems, and Fourth-Gener-

ation (4G) wireless systems, including Long Term Evolution 

(LTE) systems. 

MIMO may be implemented in the form of polarization 

diversity systems, where antennas use adjustable feed systems 

to achieve dual polarization, such as vertical and horizontal 

polarization or X-polarization (with -45 deg. and +45 deg. 

polarization). Different diversity modes may also be used with 

MIMO antennas.
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Diversity modes typically used in MIMO systems include 

time diversity, space diversity, and frequency diversity. In time 

diversity, data is transmitted at different times, using differ-

ent time slots and different channel coding. In space diver-

sity, antennas are positioned in different physical positions in 

order to make use of terrestrial characteristics and different 

radio paths available in a particular location. A reference 

signal (RS) is used in many MIMO configurations to allow for 

measurements of the spatial channel properties and facilitate 

coherent demodulation at the terminal. It can be an RS for a 

specific terminal or a common RS (CRS) that is 

shared among a group of terminals. 

Spatial multiplexing may also be used in 

MIMO systems to increase system capacity. With 

spatial multiplexing, multiple spatial streams are 

sent through multiple transmit antennas; the 

spatial streams are separated at the receiver’s 

multiple antennas by means of spatial signal pro-

cessing. 

In frequency diversity, information is commu-

nicated using different frequencies, such as the 

different channels on a commercial broadcast 

radio. It may also be implemented by means of 

frequency-agility techniques, such as frequency 

hopping or spread-spectrum communications, 

to divide transmitted data among available fre-

quencies and bandwidth, as well as minimize the 

effects of interference and enhance communica-

tions security.  

Transmitter Receiver
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2. MIMO technology uses multiple antennas and multiple signal paths to boost 

the performance and/or data capacity of a wireless communications system, 

optimizing use of multipath propagation effects. 

Mapping the Transition
from LMR to LTE

November 2-3, 2016 • McCormick Place • Chicago, IL

IWCE’s Critical LTE Communications Forum is the fi rst event of its kind in North America. 
The CLC Forum will examine the network solutions, applications and opportunities for Critical 
Communications organizations to transition to secure, reliable networks for voice and data 
within an LTE framework. To learn more, visit criticalLTEforum.com.

Use promo code MP2 to save $200! REGISTER TODAY!
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Application Notes

Gallium-nitride (Gan) discrete transistors have steadily 

improved in terms of performance, with manufacturers now of-

fering devices with impressive gain, RF output power, and eff-

ciency. In the white paper, “The Design of a 125W L-band GaN 

Power Amplifer,” Plextek RFI demonstrates the design of a 

single-stage, 125-W power amplifer (PA). The PA, which is op-

timized for a frequency range of 

960 to 1,215 MHz, is designed 

with a commercially available 

GaN transistor housed in a met-

al-based ceramic package. 

The PA is designed using a 32-mil-thick Rogers 4360G2 

laminate with 1-oz. metallization. By using this relatively thick 

substrate, the trace widths of the required characteristic imped-

ance are wide enough to handle high RF power and dc current 

under large-signal drive conditions. The transistor operates with 

260-mA quiescent current at a drain voltage of +50 V dc.

Large-signal load-pull data demonstrated the device is able 

to provide +51 dBm of output power at the 3-dB compression 

point at 1.1 GHz. The complete PA schematic is presented, 

with passive components carefully selected to handle high dc 

voltages and RF power levels alike. Both the gate and drain 

bias networks utilize printed transmission lines along with shunt 

surface-mount-technology (SMT) capacitors. Furthermore, the 

input and output matching networks are lowpass structures that 

transform the 50-Ω system impedance to the lower source and 

load impedances needed to achieve optimum power transfer.

Utilizing a SHaaS ecosystem can reduce redundancy and 

maintenance. For example, a single sensor can be used for a 

range of applications. A motion sensor could be used to control 

lighting, manage the home environment, and more.

The fnal assembly is mounted onto an aluminum alloy carrier 

that acts as a heat spreader. This carrier can also be attached 

to a heatsink. Small-signal S-parameters were measured at 

package-base temperatures of –40, +25, and +85°C. These 

measurements demonstrate a small-signal gain of approxi-

mately 19 dB across the frequency range, which varies by less 

than 2 dB over temperature. Large-signal measurements were 

performed over the same temperature range. Those results 

prove the PA can deliver 125 W of output power at the 3-dB 

compression point at midband. The document also details the 

PA’s effciency performance.

A
s the number of wireless tech-

nologies in communications 

networks expands, overcoming 

RF/microwave interference has become 

more of a challenge. Quality of service 

is determined by the extent of interfer-

ence management. Real-time spectrum 

analysis (RTSA) enables users to detect 

challenging signals and solve network 

problems, making RTSA essential for 

feld testing. In the application note, 

“Overcoming RF & MW Interference 

Challenges in the Field,” Keysight Tech-

nologies discusses interference in various 

networks before delving 

into RTSA technology 

and its key performance 

indicators. 

The note begins with 

a description of interfer-

ence in commercial wireless networks, 

explaining both internal and external 

interference. LTE networks, which must 

have a sophisticated and efficient inter-

ference management scheme, are exam-

ined in detail. Microwave backhaul is 

then discussed, with the application note 

stating that approximately 50% of the 

world’s base stations are connected to 

backhaul with a microwave radio. Micro-

wave-radio network interference can be 

produced by reflection and refraction, as 

well as the usage of unlicensed frequency 

bands. The challenges associated with 

aerospace and defense communication 

systems and public safety systems are ex-

plained as well.

Some of the shortcom-

ings of traditional interfer-

ence analysis are examined, 

too. Traditional swept-

tuned and FFT spectrum 

analyzers can effectively de-

tect a relatively constant signal. However, 

these analyzers are less effective when 

measuring random bursty signals, nar-

row pulses, or signals with duration based 

on network traffic conditions. Detecting 

such challenging signals can be achieved 

by utilizing RTSA, which is able to detect 

transient signals, dynamic signals, and RF 

pulses within a specific bandwidth.

The note mentions several impor-

tant RTSA performance indicators, such  

as real-time bandwidth, minimum sig-

nal duration for 100% probability of  

intercept (POI), and dynamic range. 

Moreover, two types of challenging in-

terference in the field—co-channel and 

uplink interference—are touched upon, 

along with an explanation of how RTSA 

can help detect both types. The appli-

cation note also states that component 

failures lead to many instances of in-

terference, with further discussion of 

how component-based problems can be 

prevented. The document concludes 

with a description of Keysight’s FieldFox 

handheld analyzers.

Defeat Interference Problems wIth real-tIme sPectrum analysIs 

DelIver 125 w of Power usIng a gan transIstor 

Keysight Technologies, 
1400 Fountaingrove Pkwy., 

Santa Rosa, CA 95403; 
(707) 577-2663;  

www.keysight.com 

Plextek RFI, London Rd., 
Great Chesterford,  

Saffron Walden, CB10 1NY, 
UK; +44 (0) 1799 533200; 

www.plextekrfi.com

http://www.keysight.com
http://www.plextekrfi.com
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Product Feature

on-site spectrum analysis once implied the use of a 

“portable” instrument with a battery almost large enough to 

start an automobile. But portable RF/microwave test instru-

ments have come a long way, and lightweight units such as 

the FieldFox analyzers from Keysight Technologies (www.

keysight.com) provide a number of 

measurement functions from a battery-

powered package weighing just 7.1 lb. 

(3.2 kg).  

Just added as an option to 16 mod-

els in the FieldFox line is real-time 

spectrum-analysis (RTSA) capability. 

Available over a total frequency range 

of 9 kHz to 50 GHz, it captures the most 

elusive signals—including multiple 

pulses, interference, and other signals 

occupying a band of interest. With out-

standing efficiency, these portable ana-

lyzers can run for nearly four hours on 

a single battery charge for thorough, 

on-site RTSA measurements.

The FieldFox analyzers (Fig. 1) are 

compact and light in weight, yet quite 

rugged and lacking none of the power 

and accuracy of much larger, laboratory 

benchtop analyzers. They show cap-

tured signals on a bright 6.5-in. diagonal 

thin-film-transistor (TFT) display and 

are available with a variety of measure-

ment functions, including as combina-

tion instruments with cable and antenna 

tester (CAT), spectrum analyzer, and 

vector network analyzer (VNA). 

The 16 models available with RTSA option 350 (see table) 

include spectrum analyzers and combination analyzers with 

built-in power meters, frequency counters (with 1-Hz reso-

lution), and a Global Positioning System (GPS) receiver for 

precise location of detected signals. The internal GPS receiver, 

Covering a total frequency range from 9 kHz to 50 GHz, these portable, handheld test 

instruments now offer a 10-MHz real-time bandwidth to capture short-duration signals.

Portable testers  
add real-time spectrum 
analysis to 50 GHz

jack browne | Technical Contributor

tHe FIelDFoX aNalYZers WItH oPtIoN 350 rtsa, 
at a GlaNCe

Model Instrument type Frequency range RTSA range

N9913A Combination 30 kHz to 4 GHz 100 kHz to 4 GHz

N9914A Combination 30 kHz to 6.5 GHz 100 kHz to 6.5 GHz

N9915A Combination 30 kHz to 9 GHz 100 kHz to 9 GHz

N9916A Combination 30 kHz to 14 GHz 100 kHz to 14 GHz

N9917A Combination 30 kHz to 18 GHz 100 kHz to 18 GHz

N9918A Combination 30 kHz to 26.5 GHz 100 kHz to 26.5 GHz

N9935A Spectrum analyzer 30 kHz to 9 GHz 100 kHz to 9 GHz

N9936A Spectrum analyzer 30 kHz to 14 GHz 100 kHz to 14 GHz

N9937A Spectrum analyzer 30 kHz to 18 GHz 100 kHz to 18 GHz

N9938A Spectrum analyzer 30 kHz to 26.5 GHz 100 kHz to 26.5 GHz

N9950A Combination 300 kHz to 32 GHz 9 kHz to 32 GHz

N9951A Combination 300 kHz to 44 GHz 9 kHz to 44 GHz

N9952A Combination 300 kHz to 50 GHz 9 kHz to 50 GHz

N9960A Spectrum analyzer 300 kHz to 32 GHz 9 kHz to 32 GHz

N9961A Spectrum analyzer 300 kHz to 44 GHz 9 kHz to 44 GHz

N9962A Spectrum analyzer 300 kHz to 50 GHz 9 kHz to 50 GHz

Note: Combination analyzers include cable and antenna tester (CAT), vector network analyzer (VNA), and 

spectrum analyzer.
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Portable Testers

which has a female SMA connector for attachment of a GPS 

antenna, can also be used as a frequency reference. 

Although battery powered, these analyzers perform very 

much like larger benchtop instruments, with frequency reso-

lution of 1 Hz for signals to 5 GHz, 1.34 Hz for signals to 10 

GHz, 2.68 Hz for signals to 20 GHz, 5.36 Hz for signals to 40 

GHz, and 8.04 Hz for signals to 50 GHz. The dedicated refer-

ence oscillator is accurate to ±0.7 ppm plus the aging rate, 

which is ±1 ppm/year for 20 years. 

When locked to a GPS signal, the frequency accuracy 

improves to ±0.010 ppm. The nominal zero-span sweep time 

can be set from 1 µs to 1000 s, with 100-ns resolution. The 

zero-span 3-dB RBW 

is settable from 10 Hz 

to 5 MHz in a 1-3-10 

sequence. Video band-

width range is 1 Hz to 

5 MHz. The amplitude 

accuracy at center fre-

quency ranges from 

±0.8 to ±1.4 dB depend-

ing on frequency. 

AN RTSA EXAMPLE

One of the widest-

frequency analyzers, 

model N9952A, has a 

real-time bandwidth 

of 10 MHz that can be 

swept across a total frequency range of 9 kHz to 50 GHz. It 

features a wide dynamic range of 105 dB and spurious-free 

dynamic range (SFDR) of 63 dB. It can capture and display as 

many as four separate signal traces with a total of 561 points, 

using density spectrum, spectrogram, and real-time-spectrum 

displays. The N9952A FieldFox with RTSA capability can 

detect pulses as narrow as 22 ns even amidst surrounding 

signals and noise. 

The analyzer achieves 100% probability of intercept (POI) 

with full amplitude accuracy for pulses as narrow as 12 µs. 

As with the other analyzers featuring the RTSA option, the 

N9952A provides flexible triggering, with free-run, external, 

video, and RF burst triggers using positive- or negative-edge 

trigger slopes. Trigger delay times can be set from 150 ms to 

10 s with 100-ns resolution. The built-in power meter in the 

N9952A covers a frequency range of 300 kHz to 50 GHz. 

For a given frequency range, these FieldFox portable ana-

lyzers with RTSA option can capture multiple simultaneous 

pulses or short-duration signal events within a channel of 

interest. The two pulses shown in Fig. 2 were acquired within a 

20-ms acquisition time for a center frequency of 1 GHz, using 

a spectrum- analyzer resolution bandwidth (RBW) of 35.7 

kHz and real-time bandwidth of 10 MHz. The pulse traces are 

formed from 561 points with display persistence set at 1 s. 

When working with the firm’s new RTSA software, one of 

these FieldFox analyzers can capture and identify multiple 

simultaneous pulses within the capture bandwidth; work with 

a directional antenna to identify interference signals; and even 

verify wireless communications network operations, such as 

Long -Term -Evolution (LTE) uplink control and traffic sig-

nals (Fig. 3). 

These portable analyzers with optional RTSA capability are 

compliant to MIL Class 2 requirements and are as home in 

1. The FieldFox portable, battery-powered RF/microwave signal and 

spectrum analyzers are now available with optional real-time-spectrum-

analyzer (RTSA) capability across bandwidths as wide as 9 kHz to 50 GHz.
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commercial and industrial applications as they are in military 

test situations. They are well- suited for monitoring inter-

ference on two-way radio links, checking signals at satel-

lite- communications (satcom) ground stations, capturing 

frequency-hopped signals, and verifying pulse sequences in 

military radar systems. 

With their multiple display modes, such as spectrogram and 

real-time-spectrum displays, these FieldFox analyzers with 

optional RTSA capability can show small signals “hiding” with-

in or in the presence of larger signals. They can serve as effective 

tools for checking on wireless communications signal carrier 

quality or for detecting the small signals emitted by improvised 

explosive devices (IEDs), even in the presence of much larger 

signals at airports. 

The FieldFox microwave and spectrum analyzers with 

optional RTSA capability measure just 11.5 × 7.4 × 2.8 in. (292 × 

188 × 72 mm). They are software-enabled and field-upgradable 

for keeping pace with changing measurement requirements. In 

addition to the many integral measurement functions already 

mentioned, these portable instruments also feature a built-in 

interference analyzer for the frequency range of the instrument, 

with included record and playback capability for analyzing cap-

tured interference. 

Finally, the analyzers offer a number of different options, 

including for characterizing pulses found in radar and electron-

ic-warfare (EW) systems, use of an external Universal Serial Bus 

(USB) power sensor, and remote control of the analyzer using 

smartphones or other wireless devices. 

Keysight technologies, Inc., 1400 Fountaingrove Pkwy., 

Santa Rosa, CA 95403; (707) 577-2663, www.keysight.com/find/

fieldfox

2. The portable FieldFox analyzers with optional RTSA capability 

can capture two simultaneous pulses and show traces on a bright, 

6.5-in. diagonal TFT display screen.  

3. When using available software, the portable FieldFox analyzers with 

optional RTSA capability can measure and display LTE commercial 

communications control signals. 
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in many ways, wi-fi is a victim of its own success. Some 12 

billion Wi-Fi products have been shipped and another 3 bil-

lion will be shipped in 2016, according to the Wi-Fi Alliance. 

Wi-Fi will continue to be one of the most prolific technologies 

around the world, with 38 billion products touching nearly all 

aspects of our lives by 2020.

As device makers and consumers see Wi-Fi as a key tech-

nology in everyday life, the wireless spectrum is becoming 

more congested and impacting performance. This is espe-

cially true in dense urban areas, where dozens of access points 

can overlap. Another factor is the growth of high-bandwidth 

applications, such as video streaming and multi-user gaming. 

To keep up with demand, Wi-Fi and the equipment used to 

test Wi-Fi devices must continue to evolve.

Wi-Fi Evolution

Modern Wi-Fi took root when the IEEE formed the 802.11 

working group back in 1990 to promote the standard. The initial 

release, 802.11 Wireless LAN, was approved in 1997. Since then, 

several advances to the Wi-Fi standard have occurred, perhaps 

the most significant being 802.11n. Released in 2009, 802.11n is 

considered a fourth-generation wireless-LAN technology stan-

dard, operating in both the 2.4- and 5.0-GHz bands. 

Users had already begun migrating to 802.11n, based on 

the Wi-Fi Alliance’s certification of products conforming to 

a 2007 draft of the 802.11n proposal. This version of the stan-

dard improved Wi-Fi in two major ways:

• It opened up the 5-GHz band. Although support for 5 

GHz is optional under 802.11n, many users found this feature 

desirable because it relieved the congestion that users were 

experiencing on the 2.4 GHz band. 

• It offered better throughput, as the maximum net data 

rate increased from 54 to 600 Mb/s. This was accomplished by 

increasing the channel width from 20 MHz to 40 MHz. Incor-

poration of multiple-input-multiple-output (MIMO) technol-

ogy also enhanced performance. MIMO is made possible by 

devices utilizing multiple antennas. The antennas enable data 

to be transmitted over multiple streams, which significantly 

increases and accelerates overall data throughput.

Through the years, the evolution of 802.11 continued with 

the publishing of the 802.11ac standard in December 2013. 

Compared to 802.11n, it features wider channels (80 or 160 

MHz versus 40 MHz) in the 5-GHz band, more spatial streams 

(up to eight versus four), higher-order modulation (up to 256-

QAM versus 64-QAM), and the addition of multi-user MIMO 

(MU-MIMO). Generally, 802.11ac’s rollout is distinguished by 

two “waves”:

• “Wave 1” implementations support 80-MHz channels, 

three spatial streams, and 256-QAM, yielding a data rate of up 

to 433.3 Mb/s per spatial stream, 1,300 Mb/s total, in 80-MHz 

channels in the 5-GHz band. 

• “Wave 2” devices include support for 160-MHz channels, 

four spatial streams, and MU-MIMO. Device makers began 

shipping Wave 1 devices in late 2013 and are starting to ship 

Wave 2 devices this year.

Today, 802.11ax is touted as the next-generation Wi-Fi 

standard. It promises to deliver even higher throughput than 

802.11ac by using a more-efficient modulation scheme called 

orthogonal frequency division multiple access (OFDMA). 

OFDMA is a huge benefit of the 802.11ax standard. The pri-

mary goal is to increase the data rate per user by a factor of 4 

and enable 10X more capacity over 802.11ac. 

The current official release date of the 802.11ax standard 

is sometime in 2019. Like the rollout of 802.11n, though, we 

should begin to see devices that support the draft standard 

adam smith | Director of Marketing

LitePoint, www.litepoint.com

Product Trends

As competing technologies emerge, Wi-Fi must adapt over the next few years to 

maintain its position in the wireless arena.

Wi-Fi’s Future Up in the Air
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Wi-Fi Technology

before then. It is absolutely essential for 802.11ax to keep pro-

gressing, considering that another technology is beginning to 

compete for bandwidth.

On YOur Mark

Wi-Fi is in a horse race with two Long Term Evolution 

(LTE) technologies: LTE in Unlicensed Bands (LTE-U) and 

LTE Licensed-Assisted Access (LTE-LAA). LTE-U is qui-

etly emerging in 4G/LTE wireless networks specific to North 

America that use unlicensed spectrum—the same unlicensed 

5-GHz spectrum currently being used by Wi-Fi.

Some studies have shown that LTE technology—originally 

used in cellular phones in licensed bands—offers performance 

advantages over Wi-Fi when operating in unlicensed bands, 

such as:

• Better link performance

• Medium access control

• Mobility management 

• Excellent coverage

These benefits, combined with the vast amount of avail-

able spectrum (>400 MHz) in the 5-GHz band, make LTE-U 

a promising radio access technology in the unlicensed arena. 

Mobile operators are hot to implement this technology, as it 

will enable them to offload data traffic onto unlicensed fre-

quencies and reduce the load on their wireless networks that 

use licensed spectrum. Devices that employ LTE-U are being 

field tested now, and commercial devices will be available to 

consumers starting this year.

Some of the industry’s biggest players are behind LTE-

U. In 2014, Verizon, in cooperation with Alcatel-Lucent, 

Ericsson, Qualcomm Technologies Inc. (a subsidiary of 

Qualcomm Inc.), and Samsung, formed the LTE-U Forum. 

The LTE-U Forum is a consortium, much like the Wi-Fi 

Alliance. In March 2015, the group published technical 

specifications, including minimum performance specifi-

cations for operating LTE-U base stations and consumer 

devices on unlicensed frequencies in the 5-GHz band as 

well as coexistence specifications.

The coexistence specifications are meant to address con-

cerns that LTE-U devices will interfere with Wi-Fi networks. 

The FCC requires that devices using unlicensed spectrum do 

not interfere with the operation of other devices using those 

frequencies, but that’s easier said than done.

The LTE-U Forum has conducted tests and published a 

report that shows that LTE-U will not cause interference to 

Wi-Fi. The study concludes that, “With a set of well-designed 

coexistence algorithms, the level of protection that LTE-U 

nodes provide to nearby Wi-Fi deployment can be better than 

what Wi-Fi itself provides.”

Not surprisingly, Wi-Fi companies aren’t quite so optimis-

tic. Google issued a report that LTE-U would seriously inter-

fere with Wi-Fi. Fortunately, we’re at a point where these issues 

can be worked out before the widespread sale and implemen-

tation of devices that could cause harmful interference to one 

another. Consumers will benefit greatly if the Wi-Fi Alliance 

and the LTE Forum work out these issues.

One possible scenario is that devices support both 802.11ax 

and LTE-U. This is certainly possible because the 802.11ax 

spec describes some of the same mechanisms found in LTE-U. 

For this to happen, chipset manufacturers will have to make 

chipsets that support both standards. Another scenario is that 

the IEEE 802.11ax committee will continue to improve the 

Wi-Fi specification, so that when it is released, it will be com-

petitive with LTE-U. 

Increased TesTIng challenges

Of course, new technologies mean new testing challenges. 

Range and battery life will continue to be a concern. Higher 

data rates can reduce range and battery life, and manufactur-

ers will have to make sure that their new designs don’t fall 

short in these two areas. Comprehensive testing during the 

design phase is important to ensure that the customer expe-

rience isn’t degraded.

Chipset calibration is another issue. As opposed to cellular, 

many device manufacturers do not perform Wi-Fi calibration 

in order to minimize test time and reduce cost. However, fail-

ing to do so can adversely affect range and battery life. 

Another test challenge is that consumer devices are support-

ing more cellular and connectivity technologies. For example, 

smartphone manufacturers need to support 2G, 3G, and 4G 

cellular technologies today to ensure worldwide operation. 

Manufacturers need test equipment that can cover all of the 

communications protocols supported by a particular device. 

More standards, in general, means increased test times. 

More test time in turn impacts the test process, and often 

becomes a financial quandary. Balancing new test method-

ologies and managing reasonable test times, while ensuring a 

high level of quality, deserves a fresh look. Test methodologies 

or test strategies should be periodically reevaluated, keeping 

mindful of the impact on the economies of test.  

cOnclusIOn

Without a doubt, Wi-Fi technology and the equipment 

needed to test it must adapt over the next few years. On the 

one hand, consumers are demanding more from their Wi-Fi 

in terms of more devices, users, and bandwidth. On the other 

hand, competing technologies, such as LTE-U, are looking to 

grab a share of the market, if not dominate it.

The next two years are crucial. The longer it takes manufac-

turers to develop and test LTE-U consumer devices, the better 

for 802.11ax, as it gives the standards committee time to make 

the standard more competitive. And, chances are that the 

groups supporting Wi-Fi and LTE-U will make concessions to 

allow for coexistence.  
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vector network analyzers (vnas) are so essential for 

higher-frequency testing of transmission characteristics that 

they might be thought of as “microwave voltmeters.” Most 

commercial VNAs are equipped with two or four ports for 

measuring the forward and reverse transmission characteris-

tics of RF/microwave devices and components one at a time. 

In production testing, however, more ports are needed, and 

the R&S ZNBT20 VNA from Rohde & Schwarz is designed 

for that purpose, with 16 integrated test ports and a frequency 

range of 100 kHz to 20 GHz. Each of the 16 ports provides 

high performance, allowing for high-volume S-parameter 

measurements under high-speed production conditions. The 

multiport analyzer can drive all of its test ports in parallel 

without compromising performance, for simultaneous testing 

of multiple devices under test (DUTs).

The R&S ZNBT20 (see figure) provides generous test port 

power through 20 GHz, with -30 to +6 dBm to 1 MHz, -30 to 

+8 dBm to 10 MHz, -30 to +10 dBm to 1 GHz, -30 to +8 dBm 

to 10 GHz, and -30 to +5 dBm to 20 GHz. The source power 

accuracy is better than 2 dB to 10 GHz and better than 3 dB to 

20 GHz, with power resolution of 0.01 dB. 

The multiport analyzer tunes frequency with 1-Hz resolution 

and can perform measurements on as few as 2 and as many as 

100,001 points. The measurement bandwidth can be set from 

12 Hz to 1 MHz in standard models and from 1 Hz to 10 MHz 

in instruments with an increased bandwidth option. The typical 

dynamic range at all ports is high, as good as 115 dB to 1 MHz, 

130 dB to 2 GHz, 125 dB to 10 GHz, and 120 dB to 20 GHz. 

The measurement accuracy is a function of frequency and 

test-port power, with amplitude accuracy at the lowest fre-

quencies ranging from 0.30 dB for test-port power of -50 to 

-60 dBm to 0.06 dB for test port power from -35 to +5 dBm. 

From 1 MHz to 10 GHz, the amplitude accuracy is 0.10 dB for 

test port power from -50 to -60 dBm, improving to 0.06 dB 

for more robust test-port power from -35 to +5 dBm. At the 

highest test frequencies, from 10 to 20 GHz, the amplitude 

accuracy is 0.20 dB at the lowest test-port powers, improving 

to 0.06 dB for test-port power of -50 to -35 dBm and topping 

out at 0.05 dB for test-port power from -35 to +5 dBm. 

The phase measurement accuracy is similarly well controlled, 

falling as low as 2 deg. at the lowest frequencies (100 kHz to 1 

MHz) and power levels but typically 0.8 deg. or better for all 

power levels and for all frequencies above 1 MHz. Test signal 

harmonics are well controlled for the R&S ZNBT20. When 

tested for a 0-dBm test output level, harmonics are typically -20 

dBc from 100 kHz to 10 MHz, -30 dBc from 10 to 100 MHz, -35 

dBc from 100 MHz to 8 GHz, and -25 dBc from 8 to 15 GHz. 

The R&S ZNBT20 20-GHz multiport VNA can achieve fast 

sweep times in support of production testing. Data transfers 

and measurement times were evaluated with a PC running 

64-b copy of the Windows 7 operating system (OS) from 

Microsoft Corp. For a 900-MHz center frequency, the sweep 

time is less than 2.5 ms with a full test cycle time of less than 5 

ms. For a 5.1-GHz center frequency, the sweep time is less than 

2.0 ms and the full cycle time is less than 5 ms. The compact 

VNA is supplied with 3.5-mm male connectors on its RF/

microwave ports and includes two USB 2.0 ports on front pan-

el and two more on the rear panel to help with data transfers.

The analyzer is available with a sizable list of options, includ-

ing extended bandwidth. An additional option, the R&S ZNBT-

K20 option for extended time-domain analysis, makes it possi-

ble to perform signal-integrity tests on high-speed transmission 

standards, allowing displays of plots useful for such analysis, 

including eye diagrams, rise time, and skew. The R&S ZNBT20 

is supported by a number of different ATE test programs to 

speed and simplify setup of production test systems. 

Rohde & Schwarz GmbH & Co., P.O. Box 80 14 69, 81614  

Munich, Germany; 888-TEST-RSA (1-888-837-8772); www.rohde-

schwarz.com. 

With outstanding measurement speed, accuracy, and 16 test ports, this RF/microwave 

vector network analyzer supports high-throughput production testing to 20 GHz. 

Multiport VNA Tests to 20 GHz

This multiport RF/microwave vector network analyzer (VNA) provides 16 

parallel test ports for production S-parameter testing to 20 GHz.
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This low-power, wideband receiver module provides as much as 80 MHz for each of 

two superheterodyne channels with wide dynamic range from 10 MHz to 6 GHz. 

modularity often is synonymous with 

flexibility—a trait exemplified in the 

TwinRX daughterboard for the USRP 

X Series of software-defined radios 

(SDRs) from Ettus Research, a National 

Instruments company (www.ettus.com). 

Two of the TwinRX daughterboards fit within 

a model USRP X300 or USRP X310 SDR, each 

measuring just 27.7 × 21.8 × 3.9 cm and weighing a 

mere 1.7 kg.

The TwinRX boards deliver 80-MHz bandwidth per receiver 

channel across a total frequency range of 10 MHz to 6 GHz. 

Each compact daughterboard (Fig. 1) is actually a full-fledged 

dual-channel receiver. They are capable of local-oscillator (LO) 

sharing with other receiver daugterboards in a system to create 

multichannel receiver systems or even massive MIMO system 

solutions. Each TwinRX is a low-power subsystem, with stable 

preselection filters (Fig. 2), attenuators, and two frequency 

mixer stages with tightly controlled phase synchronization.

Broad Functionality 

The TwinRX achieves a 110-dB dynamic range at 2.4 GHz, 

5.5-dB minimum noise figure at the same frequency, and only 

10-W power dissipation. Each of the daughterboard’s receiver 

channels has instantaneous bandwidth of 80 MHz that can be 

tuned independently across the full frequency range from 10 

MHz to 6 GHz to capture and analyze signals 

in multiple-frequency bands of interest. 

As an example, a single TwinRX daughter-

board can simultaneously monitor uplink and 

downlink communications signals across a 

combined bandwidth of 80 + 80 = 160 MHz. 

By sharing LO signals across multiple TwinRX 

daughterboards, it is possible to achieve the 

phase-aligned operation needed for multichan-

nel phased-array systems. In addition to the 

tight phase control, the dual-channel receiver is 

also capable of high-speed frequency-hopped 

tuning to detect frequency-agile emitters. 

The TwinRX exhibits noise figure of better than 

5 dB from 10 MHz to 3 GHz, better than 4 

dB from 3 to 5 GHz, and better than 8 dB 

from 5 to 6 GHz. Image rejection is –70 

dBc from 0.5 to 6.0 GHz. Phase noise is 

–88 dBc/Hz offset 10 kHz from a 900-

MHz carrier, –86 dBc/Hz offset 10 kHz from a 

2.4-GHz carrier, and –82 dBc/Hz offset 10 kHz from 

a 5.8-GHz carrier. And phase noise is –105 dBc/Hz offset 100 

kHz from a 900-MHz carrier, –107 dBc/Hz offset 100 kHz from 

a 2.4-GHz carrier, and –103 dBc/Hz offset 100 kHz from a 5.8-

GHz carrier. 

In addition, non-input-related spurious levels are –95 dBc 

from 10 MHz to 3 GHz, –92 dBc at 3.2 GHz, –98 dBc at 4.8 

GHz, and –98 dBc at 5.4 GHz. The third-order-intercept point 

is –8 dBm for a full scale of –45 dBm from 10 MHz to 1.8 GHz, 

–2 dBm for a full scale of –30 dBm from 10 MHz to 1.8 GHz, 

and +16 dBm for a full scale of –20 dBm from 10 MHz to 1.8 

GHz, with similar readings at higher frequencies.  

Ettus REsEaRch, a National Instruments Co., 4600 Patrick  

Henry Dr., Santa Clara, CA 95054; (480) 610-6399, e-mail: sales@

ettus.com, www.ettus.com. 
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2. Powerful preselector filter capability within each TwinRX dual-channel receiver allows for 

detection and isolation of signals from interference from 10 MHz to 6 GHz. 

1. Each TwinRX daughterboard contains two independently tunable 

superheterodyne receiver channels for use from 10 MHz to 6 GHz. 

Board Packs Pair of 
Superhet Channels
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MICROWAVE OSCILLATORS BASED ON yttrium-iron-garnet 

(YIG) resonators have long been prized for their low phase 

noise and linear tuning capabilities. The performance has 

always come at the cost of limited frequency-modulation 

(FM) 3-dB bandwidth—typically just a few MHz—which 

challenged synthesizer designers attempting to stabilize these 

sources with a phase-locked loop (PLL).  

But those limits are no more: Micro Lambda Wireless has 

introduced YIG oscillator technology with FM 3-dB band-

widths of 20 MHz and higher, applicable to both electromag-

netic and permanent-magnet (PM) type YIG oscillators. The 

firm designs and manufactures PM YIG sources from 2 to 20 

GHz (Fig. 1) and electromagnetic YIG oscillators (Fig. 2) from 

0.5 to 40.0 GHzs.

Smaller YIG oscillators, such as the TO-8-packaged MLS-

MO series of PM YIG oscillators and the mini and PCB lines 

of sources, are currently available with the wideband FM to 16 

GHz. Larger oscillators, such as 1-in. and 1.25-in. cubes and 

1.75-in. cylinders, will be available shortly with the wideband 

FM capabilities. These exceptional FM capabilities are avail-

able as options meeting specific customer requirements.

The firm’s various YIG oscillators are available for narrow-

band and wideband frequency tuning ranges. The MLSMO 

series, for example (see “YIG Oscillators Fit Surface-Mount 

Packs” at mwrf.com), covers a variety of frequency bands, 

including 3.0 to 6.0 GHz, 4.0 to 9.0 GHz, and 6.5 to 13.0 GHz. 

The output power for all models is +8 dBm across each fre-

quency range, with phase noise as good as -128 dBc/Hz offset 

100 kHz from carriers to 9 GHz.

The electromagnetic and PM YIG oscillators differ in their 

approaches to the resonant magnetic structure within each 

oscillator, as well as with their resulting performance levels. 

While both approaches are capable of linear tuning low noise, 

electromagnet YIG oscillators offer extended frequency cover-

age with wider tuning ranges than PM YIG oscillators based 

on a magnet tuned at the factory according to a customer’s 

requirements. 

The PM approach yields a tuning bandwidth of typically ±2 

GHz, while the electromagnet approach can achieve tuning 

bandwidths in excess of an octave (albeit with higher power 

consumption, owing to the additional power needed to ener-

gize the electromagnet). 

YIG Oscillators Offer 20-MHz 

FM Bandwidth
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YIG-based RF/microwave oscillators have been enhanced with 3-dB frequency 

modulation capabilities of 20 MHz or more. 
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YIG Oscillators

To accomplish wideband FM with these different magnet 

structures, different design approaches and different FM 

driver configurations were required. For an end user, the 

results are the same, with FM tuning coils capable of 3-dB 

bandwidths in excess of 20 MHz and with standard FM coil 

sensitivity the same for the two YIG oscillator types, at 150 

kHz/mA. For either type of oscillator and FM coil, the mini-

mum frequency deviation is ±15 MHz. 

To verify the wideband capabilities of the FM coils and drivers 

in both YIG oscillator types, swept-frequency hands-on testing 

was performed by Micro LambdaVice President of Engineer-

ing Dave Suddarth and President John Nguyen. Testing was 

performed with the aid of a swept-function generator capable of 

30-MHz bandwidth, an FM discriminator, the various FM coil 

drivers under test, and a digital storage oscilloscope (DSO). 

Test results were impressive. By way of example: Both oscil-

lator types were studied at an RF/microwave frequency of 

6.662 GHz using different five-turn FM coils in custom test 

fixtures. A 2-to-8-GHz TO-8 PM YIG oscillator was charac-

terized by means of a linear FM sweep from 1 Hz to 30 MHz, 

exhibiting a 3-dB FM bandwidth of 28 MHz. Similarly, an 

electromagnet-based 3-to-8-GHz YIG oscillator was evalu-

ated with a linear FM sweep from 1 Hz to 25 MHz, yielding a 

3-dB FM bandwidth of 21 MHz.

This new wideband FM capability should make these YIG 

oscillators candidates for any designer seeking low phase 

noise, but put off by the relatively narrow 3-dB FM bandwidth. 

The 3-dB FM bandwidth of 20 MHz or more clears the way for 

a wide range of applications to 40 GHz and beyond—whether 

in terrestrial and satellite receivers, test equipment, or military 

electronic systems. 

MICRO LAMBDA WIRELESS INC., 46515 Landing Pkwy., Fre-

mont, CA 94538; (510) 770-9221, www.microlambdawireless.com 

2. The MLMB series of electromagnetic 

YIG oscillators are housed in PCB-

mount enclosures.

1. The MLTO series of 

PM YIG oscillators are 

supplied in 0.625-in.-

diameter TO-8 housings. 
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