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Your partner in testing 
the Internet of Things
Internet of Things applications for smart homes, connected cars, smart cities,  

smart utilities, wearable devices and smart industries are becoming ubiquitous. 

Rohde & Schwarz supports manufacturers and suppliers with T&M solutions for  

developing and producing wireless M2M communications systems for the  

Internet of Things.

❙	Worldwide	network	of	development	and	service	locations	

❙	World	leader	in	T&M	solutions	for	technologies	such	as	Wi-Fi,	Bluetooth®,

 GSM and LTE

❙	Member	of	international	standardization	bodies

www.rohde-schwarz.com/ad/IoT

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


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.

Ultra Broadband State-Of-The-Art  

360° Digital Phase Shifters
PMI ofers the highest quality phase shifters for industrial and military applica-

tions in the frequency range of 85 MHz to 10 GHz.  These models ofer a 360° 

phase shift with various options available. 

Model: PS-200M10G-8B-SFF 
http://www.pmi-rf.com/products/phaseshift-biphasemod/phaseshifters/PS-200M10G-8B-SFF.htm

Model: PS-85M4G-9B-SFF 
http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-85M4G-9B-SFF.htm

Model: PS-2G6G-8B-SFF 
http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-2G6G-8B-SFF.htm

Model: PS-500M2G-8B-SFF & PS-500M2G-10B-SFF 
http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-500M2G-8B-SFF.htm 

http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-500M2G-10B-SFF.htm

Package Size:  4.95” X 3.38” X 1.0”

DC Voltage: -15 VDC @ 38 mA

+15 VDC @ 265 mA 

Switching Speed: Measured <300 ns

Frequency 85 MHz to 4.0 GHz

Insertion Loss 13 dB Max - Measured 10.1 dB

VSWR 1.75:1 Typ - Measured 1.65:1

Amplitude Error ±1 dB Typ. - Measured ±1.91 dB

Phase Shift Error ±10° Max - Measured +13.4°/ -13.1°

Control 10-Bit TTL Compatible: 15 Pin Sub-D (Male)

Temperature  0 ºC to +50 ºC (Operating)

Frequency 200 MHz to 10.0 GHz

Insertion Loss 10.5 dB Typ - Measured 8.0 dB

VSWR 2.4:1 Output, 1.5:1 Input

Amplitude Error ±1 dB Typ. - Measured ±0.1 dB

Phase Accuracy ±0.5° Typ. - Measured ±0.35°

Control 8-BIT TTL Compatible: 15 Pin Sub-D (Male)

Temperature -55 ºC to +85 ºC

Package Size:  3.25” X 3.25” X 0.84”

DC Voltage: -15 VDC @ 21 mA

+15 VDC @ 189 mA 

Switching Speed: Measured <250 ns

Frequency 2.0 to 6.0 GHz

Insertion Loss 10.5 dB Typ - Measured 8.0 dB

VSWR 2.4:1 Output, 1.5:1 Input

Amplitude Error ±1 dB Typ. - Measured ±0.1 dB

Phase Accuracy ±0.5° Typ. - Measured ±0.35°

Control 8-BIT TTL Compatible: 15 Pin Sub-D (Male)

Temperature -55 ºC to +85 ºC

Package Size:  3.25” X 3.25” X 0.84”

DC Voltage:  -15 VDC @ 21 mA

+15 VDC @ 189 mA 

Switching Speed: Measured <250 ns

Frequency 0.5 to 2.0 GHz PS-500M2G-8B-SFF PS-500M2G-10B-SFF

Insertion Loss 13 dB Typ 9.77 dB 8.20 dB

VSWR 1.75:1 1.61:1 1.65:1

Amplitude Error ±1 dB Typ. ±0.61 dB ±0.23 dB

Phase Shift Error ±10° Max ±0.48° ±0.34°

Control 
8-BIT TTL 15 Pin Sub-D (Male): PS-500M2G-8B-SFF

10-BIT TTL 15 Pin Sub-D (Male): PS-500M2G-10B-SFF

Temperature 0 ºC to +50 ºC (Operating)

Package Size: 4.95” X 3.38” X 1.0”

DC Voltage:  -15 VDC @ 18 mA

+15 VDC @ 249 mA 

Switching Speed: Measured <300 ns

mailto:sales@pmi-rf.com
http://www.pmi-rf.com
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sales@skyworksinc.com   |   USA: 781-376-3000   |   Asia: 886-2-2735 0399   |   Europe: 33 (0)1 43548540 

NASDAQ: SWKS    |   

• FDD and TDD 4G LTE/4.5G/5G Systems

• Citizen’s Broadband Radio Service (CBRS)

• Active Antenna Arrays and Massive MIMOs

• Driver Amplifi er for Micro and Macro Base Stations

For more information about our small cell solutions, 

please visit us at www.skyworksinc.com

Enabling Faster 
Data Connectivity 
Wherever You Are

SKY6629x Family of High Ef  ciency Power Amplifi ers 

for Small Cell Applications 

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


L3 NARDA-MITEQ...SOLUTIONS

FOR EXTREME DESTINATIONS

Proven Mission-Critical Space-Qualified Components and IMAs

L3 Narda-MITEQ combines more than 60 years of innovation and expertise in 

microwave and RF technology to deliver performance and packaging solutions 

not considered possible in the past. With amplifers in operation on the New 

Horizon Space platform and additional space-qualifed components that include 

couplers, power dividers, mixers, modulators, multipliers, oscillators and 

IMAs, we are expanding the capabilities of many modern space programs. 

When your next project demands a highly specialized approach, count on 

L3 Narda-MITEQ – your best resource for space-qualifed solutions.

L3T.comNarda-MITEQ

Learn more about all we have to offer by visiting us at nardamiteq.com, or call 

us at (631) 231-1700.

Credit: Johns Hopkins University 

http://nardamiteq.com
http://L3T.com
https://www.facebook.com/L3Technologies
https://www.linkedin.com/company/L3


more > smithsinterconnect.com

Our individual brands  
are coming together  

to connect as one -  
Smiths Interconnect

We aim to be your chosen partner for technically differentiated electronic  

and radio frequency products where reliability, high quality, technical  

excellence, application knowledge, product expertise,  

and a reputation for excellence is vital.

http://smithsinterconnect.com
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100 COVER STORY:

   MULTIPURPOSE TUNERS CONTROL IMPEDANCES FROM 
  20 TO 110 GHz

These versatile electromechanical tuners can create impedances using three  
independently adjustable wideband probes at three harmonic frequencies 
continuously from 20 to 110 GHz. 

33 HOW SMART HOMES CAN DELIVER SUSTAINABILITY 
  AS A SERVICE 

Smart-home services have the potential to impact households in a profound way.

39 MODULATION AND DEMODULATION, PART 2
Digital modulation/demodulation formats provide options in terms of 
bandwidth effi ciency, power effi ciency, and complexity/cost when meeting a 
modern communications system’s data-transfer needs.

45 DEVICE-TO-DEVICE COMMUNICATION AIDS PUBLIC SAFETY
LTE technology is enabling a wave of public safety communication networks.   

50 LOW-NOISE AMPLIFIER SPANS DC TO 17 GHz
This pHEMT LNA design combines low-frequency and high-frequency circuit 
techniques to achieve extremely low noise levels over a wide frequency range. 

54 DESIGNING A STEP-RECOVERY-DIODE-BASED COMB 
  GENERATOR 

By leveraging advanced software, accurate results were obtained in the design 
and testing of a comb generator. 

56 METAMATERIALS SCULPT UWB BANDPASS FILTER
By combining left- and right-handed transmission lines with conventional   
microstrip circuitry, it is possible to achieve a wide passband for a UWB 
bandpass fi lter. 

65 WHAT’S THE DIFFERENCE BETWEEN OPTICAL AND 
  WIRELESS COMMUNICATIONS?

Wireless and optical communications technologies are often found on the 
same cellular communications tower, supporting modern communications using 
different wavelengths.
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The Trusted Name in RF, Microwave 
& Millimeterwave ICs

Featured MACOM MMIC Devices

Application

Aerospace & DefenseAerospace & Defense

SATCOMSATCOM

Test & MeasurementTest & Measurement

Industrial, Scientifc & MedicalIndustrial, Scientifc & Medical

Wired BroadbandWired Broadband

FunctionFunction

Low Noise AmpliferLow Noise Amplifer

Octave Band VCOOctave Band VCO

Power AmpliferPower Amplifer

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

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

MAAM-011229, 0.05 - 4 GHzMAAM-011229, 0.05 - 4 GHz

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

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

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 

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



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

3-5V Broadband Low Noise Amplifer
Ideal for Critical Communications

Gain to 4 GHz
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Aerospace & Defense

Industrial, Scientific & Medical

Satellite Communications

Test & Measurement

Wired Broadband

http://www.macom.com/mmics


ReveRsing 25 YeaRs 

of antenna
DegRaDation
http://mwrf.com/passive-components/reversing-25-years-
antenna-degradation

Does anyone remember pulling out the antenna on your 
frst mobile phone to make a call? Over the past 25 years, 
antenna design has changed radically for cell phones. While 
transitioning from 2G to 3G to LTE, we have incrementally 
and gradually sacrifced as much as 10 dB of link budget in 
some cases. It’s shocking but true: The network has improved 
dramatically, so we’ve been able to compromise performance 
in the handset antenna without much backlash from consumers. 

7 KeY elements of  

leo anD geo 
space satellites
http://mwrf.com/blog/7-key-elements-leo-and-geo-space-satellites

Innovations in the small satellite industry have been increasing 
at a tremendous rate in recent years. This growth can be at-
tributed to exponential increases in technology and the demand 
for broadband connectivity in remote locations all around 
the world. Low earth orbit (LEO) and geostationary (GEO) 
satellites are big players in this skyrocketing industry, and the 
future for both is looking bright. Here are the top seven criteria 
you should review when trying to understand both.

10 march 2017   microwaves & rf

on

join us online twitter.com/MicrowavesRF     facebook.com/microwavesrf

iot gRowth BanKs     

on ReliaBle 
communication 
http://mwrf.com/iot/iot-growth-banks-reliable-communication

According to technology industry researcher Gartner, the 
number of “things” in the Internet of Things (IoT) increases 
by 5.5 million each day. By 2020, the total number is expected 
to reach 20.8 billion. Given such explosive growth, it’s 
imperative to examine the internet that will connect and enable 
communication between all of these things. Creating reliable 
wireless connectivity among devices is proving to be one of 
the IoT’s greatest challenges.

Basics of moDulation   

anD DemoDulation  
http://mwrf.com/systems/basics-modulation-and-demodulation

Information can be sent from a transmitter to a receiver 
by means of modulation and demodulation, respectively, 
whether those signals are light waves moving through optical 
cables, radio waves through metallic cables, or radio waves 
propagating through the air. The electromagnetic (EM) waves 
that transport the information are referred to as carrier signals, 
while the information they carry may be in the form of audio, 
video, or data. Find out more in Part 1 of this two-part report.

http://mwrf.com/passive-components/reversing-25-years-antenna-degradation
http://mwrf.com/iot/iot-growth-banks-reliable-communication
http://mwrf.com/blog/7-key-elements-leo-and-geo-space-satellites
http://mwrf.com/systems/basics-modulation-and-demodulation
http://www.mwrf.com
http://twitter.com/MicrowavesRF
http://facebook.com/microwavesrf
http://facebook.com/microwavesrf
http://twitter.com/MicrowavesRF


Cost Savings for New and 

Exisধng Customers

LOWER COST SOLUTIONS HIGHER RF PERFORMANCE

Beħer RF Performance than 

other RF Switches

HIGH JAPANESE QUALITY

Manufactured in Japan with High 

Quality, Packaging and Tesধng

W W W . C E L . C O M / S W I T C H E S

SWAP THEM WITH OTHER

SUPPLIER SWITCHES FOR 

BIG SAVINGS  

RF Switches

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

Mini-Circuits
¨

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

MMIC SPLITTER/COMBINERS
Ultra-Ultra -Wideband

 EP2C+
1.8 to 12.5 GHz

 EP2W1+
0.5 to 9.5 GHz

EP2K1+
2 to 26.5 GHz

THE WIDEST BANDWIDTH IN THE INDUSTRY IN A SINGLE MODEL!

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

•  Series coverage from 0.5 to 26.5 GHz

•   Power handling up to 2.5W

•  Insertion loss, 1.1 dB typ.

•  Isolation, 20 dB typ.

•  Low phase and amplitude unbalance

•  DC passing up to 1.2A

EP2K-Series, 4x4x1mm

        EP2W-Series, 5x5x1mm

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


Go To mwrf.com

chris demartino

Technical Editor

chris.demartino@penton.com

A
few months back, I wrote a column titled, “Narrowband-IoT Proves its 

Worth” (http://mwrf.com/blog/narrowband-iot-proves-its-worth),  explaining 

how Narrowband-IoT (NB-IoT) technology is shaping up to be a key 

player in the Internet of Things (IoT) game. But of course, NB-IoT is not the only game 

in town. Another technology that is clearly making a name for itself is LoRa..

As I wrote last year, LoRa derives its name from its ability to enable “long-range”  

communications. It essentially achieves longer range at the expense of lower data 

rates. In North America, LoRaWAN networks operate in the industrial, scientific, 

and medical (ISM) frequency band from 902 to 928 MHz, while Europe uses the 

frequency band from 867 to 869 MHz. 

LoRa, which was developed by Semtech, is based on spread spectrum technology. 

Currently, Semtech offers the SX127X LoRa transceiver product line, as well as the 

SX1301 digital baseband chip. More information regarding LoRa can be found on 

the company’s IoT page at http://www.semtech.com/wireless-rf/internet-of-things/.

The LoRa Alliance is an open, non-profit association of members. Its goal is to 

standardize low-power-wide-area-networks (LPWANs) that are being deployed 

worldwide. Currently, the Alliance consists of hundreds of member from all across 

the world.

Two companies—both of which are LoRa Alliance members—recently made 

announcements regarding LoRa. For one, Anritsu announced it intends to create 

new test and measurement solutions for research and development, certification, 

and manufacturing of LoRa-equipped IoT devices. Some of the company’s general-

purpose test instruments can be adapted to meet IoT requirements.

In addition, Ethertronics recently made news by announcing its plug-and-play 

LoRa module for LPWAN connectivity. It takes advantage of the company’s Active 

Steering technology to bring long-range performance to IoT/M2M applications. 

On a final note, anyone interested in learning more about NB-IoT and LoRa may 

want to check out the white paper, “NB-IoT vs. LoRa Technology: Which Could Take 

Gold?” The paper discusses technical differences between both technologies and 

reviews how each fits into different IoT applications.  

Editor’s NotE: On another topic, those in the Long Island, N.Y., area should take 

note of the Long Island RF/Microwave Symposium & Exhibits on April 6. The event will 

consist of an exhibition along with technical lectures. Visit www.ieee.li/microwave/.

LoRa’s  
Got Game

Editorial

13
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Mini-Circuits
¨

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

The industry’s largest selection includes THOUSANDS

of models from 2 kHz to 40 GHz, with up to 300 W power 

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

housings for 50 and 75 Ω systems.

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

phase configurations, Mini-Circuits’ power splitter/combiners offer a vast 

selection of features and capabilities to meet your needs from high power

and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast?  Visit minicircuits.com and use Yoni2®!  

It’s our patented search engine that searches actual test data for the models

that meet your specific requirements!  You’ll find test data, S-parameters,

PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!  

All Mini-Circuits’ catalog models are available off the shelf for immediate

shipment, so check out our website today for delivery as soon as tomorrow!

POWER
SPLITTERS

COMBINERS
 as low as  89

¢

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

RoHS Compliant 
Product availability is listed on our website. 

The iindustry’s largest selectiion iincludes THOUSANDS

of models from 2 kHz to 40 GHz, with up to 300 W power

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

housings for 50 and 75Ω systems.

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

phase confiigurations, Mini-Ciircuits’ power splitter/combiners offer a vast

selectiion oof features and capabilities to meet yyour needs from high powwer

THE WIDEST BANDWIDTH IN THE INDUSTRYTHE WIDEST BANDWIDTH IN THE INDUSTRY
IN A SINGLE MODEL!IN A SINGLE MODEL!

EP2K1+  2 to 26.5 GHzEP2K1+  2 to 26.5 GHz

EP2W1+ 0.5 to 9.5 GHzEP2W1+ 0.5 to 9.5 GHz

EP2C+  1.8 to 12.5 GHzEP2C+  1.8 to 12.5 GHz

NEW!

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


16 march 2017   MICROWAVES & RF

PENTON IS AN INFORMA BUSINESS

corporation

exyn

1287 Forgewood Ave.

Sunnyvale, CA 94089

Tel: (408) 962-0895

Fax: (408) 743-5354

sales@nexyn.com

 We welcome your custom requirements.

We have specialized in Low Phase Noise

 Fixed Frequency Sources since 1998.

 Nexyn offers the best performance and

 reliability on the market.

www.nexyn.com

  Crystal reference phase noise to

      -130 dBc/Hz @ 100 Hz @ 100 MHz

  Dual loop output

     frequency resolution +/- 0.001 Hz

 Internal reference stability

    to +/- 10 ppb

 5 - 1000 MHz External reference

 Frequency: 10 MHz to 35 GHz

 Power output: +10 to +24 dBm

Wide operating temperature

     range:  -55º to +85º

 Spurious: < -90 dBc

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

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

Visit our web site at www.ciaowireless.com for our complete product offering.

http://www.ciaowireless.com
mailto:sales@ciaowireless.com
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FINDING A FAST SWITCH

FOR AUTOMOTIVE SYSTEMS

I read with great interest the “Design 

Feature” by Mouqun Dong in your Febru-

ary 2017 issue (p. 56) on transient delays 

in GaAs MMIC switches, especially where 

it analyzes the efects of step functions 

on RF switch output power. Te author 

makes many excellent points about RF 

switches and cautions against simply ac-

cepting certain performance parameters 

from a data sheet. Much of the advice pre-

sented in that article can apply to the use 

of lower-frequency power switching in 

the emerging electric-vehicle and hybrid-

electric-vehicle markets. Manufacturers of 

vehicles for these markets envision future 

charging stations replacing many of the 

locations currently occupied by fueling 

stations for gasoline-powered vehicles. 

Certainly, EVs and HEVs promise 

minimal side-efects detrimental to the 

environment, with potentially lower op-

erating costs than gas-powered vehicles. 

But before such vehicles can become 

widespread, they must become more af-

fordable, and methods for transferring 

electric power to those vehicles must 

dramatically improve. Most drivers will 

not be willing to wait an hour at a charg-

ing station for their electric vehicle to 

“refuel.” Switching technologies will play 

a role in how fast power can be trans-

ferred from storage devices in a charg-

ing station to the storage devices (such 

as capacitor and battery arrays) in an EV. 

Understandably, these power-switch-

ing applications are at considerably low-

er frequency applications than typically 

found in your magazine. But many of the 

phenomena that exist for various types 

of switches apply from DC through mi-

crowave and even millimeter-wave fre-

quencies. Unfortunately, I see a general 

lack of editorial coverage on switches in 

your magazine and believe your staf can 

perform a much-needed service with 

greater coverage of current RF switch 

technologies and applications. Whether 

articles are from switch manufacturers 

such as Mr. Dong or from your staf, this 

is an important RF component that is 

ofen ignored in many system designs. 

And as Mr. Dong pointed out, even small 

delays can add up.

William Brockhurst

Editor’s NotE

 Tank you for reading and for your 

thoughtful note. Te article you refer-

enced did address general switching cir-

cuits in its frst several fgures, and many 

of the phenomena detailed in the article 

do apply at lower frequencies as well 

as at microwave frequencies. But your 

point about switches being important 

components is well taken, and advice 

that the editors of Microwaves & RF will 

certainly consider when developing ar-

ticles for the remainder of 2017. 

Jack Browne

Technical Contributor

Feedback
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operators Push Hybrid standard  

before 5G  

V
odaphone, Ericsson, and Qualcomm are among the 

major wireless companies that support moving up 

the due date for a radio standard lying between 4G and 5G, 

with an eye toward testing primitive networks a full year before 

a final 5G standard is likely to be finished.

Some 20 companies are voting to complete an air interface 

that rides on existing 4G networks early enough 

so that firms can start testing and selling 

5G technologies in 2019. That would 

give them around a year before the 3G 

Partnership Project is expected to lay 

out the final standard.

Though the Non-Standalone 5G would 

be layered on top of 4G networks, it would give a 

glimpse at how mobile devices will communicate with 

5G cellular equipment. These systems are expected not only to 

enable faster downloads for streaming data to cars and virtual 

reality headsets, but also offer connectivity for billions of tiny 

sensor devices.

The call to finish the standard early reflects the impatience 

swirling around 5G. The revenues at telecommunications 

companies have been falling for years, while the number of 

consumers buying smartphones—and data plans for them—

has been falling. Many operators have pushed ambitious plans 

for 5G—12 are already field testing, according to a report from 

Viavi Solutions—which could restart growth.

Verizon has vowed to open such networks in 2018, and 

South Korean operators are aiming to show off 5G services for 

the 2018 Winter Olympics in Seoul. Both Intel and Qualcomm 

have announced 5G modems would start sampling this year 

and be included in products in 2018.

Nokia, which did not join in the push for Non-Standalone 

5G, announced what is called its 5G First platform, suited for 

homes, offices, sports venues, and industrial plants. Following 

pilots in 11 American cities with Verizon, Nokia said that it 

was aiming to open commercial networks later in 2017.

But progress on the standard that entire industry will agree 

upon has been mired in a web of partnerships between opera-

tors, equipment makers, chip suppliers, and test companies. 

Nowhere was that confusion more palpable than Mobile 

World Congress in Barcelona last month, where everyone 

agreed what 5G will do but not on how it will work.

Still, there has been some work on listing the features that 

every 5G network will be required to have. In February, the 

International Telecommunications Union released a draft 

report on 5G specifications, which include 20 gigabits per sec-

ond downloads and the ability to support 1 million devices per 

square kilometer. The report underlined that a final standard 

will not be in place until 2020.

The members signed onto the proposal—NTT Docomo, SK 

Telecom, British Telecom, Telstra, Korea Telecom, Intel, LG, 

KDDI, LG Electronics, Telia, Swisscom, TIM, Etisalat, Hua-

wei, Sprint, Vivo, ZTE, and Deutsche Telekom—believe that 

reaching the intermediary standard first would speed up the 

5G standards process.

“Our focus is on prioritizing important specifications in the 

standards to bring 5G to market as quickly as possible. In the 

process of defining any standard, it is normal to make some 

decisions earlier than others,” said Tom Keathley, senior vice 

president of wireless network architecture at AT&T, which 

also signed onto the proposal, in a statement. n



Go To mwrf.com 21

In recent years, silicon has proven as tough to live with as to live 

without. The material has trouble hitting the high-frequency bands 

increasingly used in wireless communications, but it is also vital for 

etching filters, switches, and amplifiers all on the same chips, which 

engineers covet for being small and energy efficient.

But in February, an update came for one of the most suc-

cessful technologies to bridge that gap. GlobalFoundries, one 

of the world’s largest chip manufacturers, began selling tools to 

help engineers make chips based on its latest manufacturing 

process—one that is optimized for millimeter waves, which are 

considered vital for 5G communications.

The technology is known as a silicon-on-insulator process, more 

commonly known as SOI. It involves wrapping two layers of silicon 

around an insulator material—using anything from silicon dioxide 

to sapphire—slashing power leakage and improving efficiency. It 

has been used in computer processors and in the development of 

silicon photonics.

In a configuration called RF SOI, the chips are designed specifically 

for radio components, ranging from switches to low-noise amplifiers. 

These are major parts of the front ends that decipher wireless signals 

flowing in and out of smartphones and communications satellites. 

For 5G, they will have to support high-frequency bands, which are 

sparsely used in modern cellular equipment or consumer devices.

The new manufacturing process, 45RFSOI, involves etching  

circuits only 45 nanometers long onto silicon wafers, almost four times 

longer than the most advanced computer chips under development by 

GlobalFoundries. But those microscopic circuits are enough to lift RF 

SOI into high frequency bands, from 24 to 100 GHz, where wireless 

carriers are likely going to move communications after 4G.

The updated process is also the latest example of how companies 

plan to give RF SOI an edge over the competition. Peregrine Semi-

conductor, a San Diego-based company that claims to have founded 

the RF SOI market, revealed the twelfth generation of its technology 

in January, with the highest linearity and lowest radio losses yet. It 

worked with GlobalFoundries to render it on 300 mm wafers.

But many companies view RF SOI as outdated technology 

unsuited for the shift toward 5G standards. Smartphone makers are 

increasingly using tiny mechanisms, grown on silicon wafers and 

known as RF MEMS, to tune antennas into different frequencies. 

More competition comes from gallium arsenide, a semiconductor 

material used in radio components for multiple industries, like test 

equipment and cellular infrastructure. 

“5G is expected to become the dominant worldwide mobile 

communications standard of the next decade and will usher in a 

new paradigm in mobility,” said Bami Bastani, senior vice president 

of GlobalFoundries’ RF business, in a statement. RF SOI “will help 

play a critical role in bringing 5G devices and networks to reality.”

45RFSOI improves on earlier technology that had been devel-

oped for simpler communication systems. The passive devices built 

on the manufacturing process have high resistivity that maximizes 

quality factor—a measure of energy efficiency also known as the Q 

factor—and minimizes the disparity between phase and voltage.

One of the first chipmakers to sign on to the new process is 

Skyworks Solutions, a maker of wireless chips for smartphones and 

connected devices. The company has previously used RF SOI in its 

switching products, claiming that its efficiency and switching speed 

are better suited to operate over the growing number of spectrum 

bands used to send messages and stream video.

Peter Gammel, Skyworks’ chief technology officer, said in a 

statement that the more advanced process will enable the com-

pany to further “advance the deployment of highly integrated RF 

front-ends for evolving mmWave applications,” using an abbrevia-

tion for millimeter waves.

GlobalFoundries will produce the technology on 300 mm wafers 

at a factory in East Fishkill, N.Y., which was included in its acquisi-

tion of IBM’s Microelectronics unit in 2015. Over 27 billion such 

chips have been shipped since the technology entered production 

in 2008, the company says. It also offers a process for making 

silicon-germanium chips favored for certain power amplifiers. n

GlobalFoundries Adds an Advanced RF SOI Manufacturing Process

Pictured above is a silicon chip computer board. (Courtesy of 

Thinkstock)

for years, cellular technology that allows mobile phones to 

communicate has been Qualcomm’s bread and butter. But now the 

world’s largest maker of mobile chips has released two devices that 

support the latest version of Wi-Fi, one that borrows many features 

from cellular networks.

The first chip, the IPQ8074, is built using 14-nanometer tech-

nology for routers and access points, while the QCA6290 is 

designed for consumer gadgets ranging from smartphones to car 

dashboards. Both devices are capable of tapping into traditional 

Wi-Fi frequencies and newer ones that are catching the overspill.

Qualcomm prepares for a New Wi-Fi

http://mwrf.com
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News

Now that Cree has scuttled the sale of Wolfspeed, the company 

is absorbing the brand into its main business and paring back 

the executive positions it created to run the power and radio fre-

quency unit.

In a regulatory filing, the company said that Frank Plastina, 

Wolfspeed’s chief executive and an executive vice president within 

Cree, has stepped down. Plastina, who had been tapped to run 

the business in late 2015, will leave Cree by July.

Plastina has served on Cree’s board 

since 2007 and joined as the executive 

vice president of the power and radio 

frequency business, which is based in 

Research Triangle Park, N.C., in June 

2015. Before that, he founded an angel 

investment firm called Arc & Company.

“Frank Plastina was brought into Wolf-

speed as CEO to lead the separation of 

the business into an independent company. Now that Cree is 

reintegrating Wolfspeed as a division of Cree, this role is no longer 

required,” a Cree spokesperson said. “We thank Frank for his effort 

and contributions.”

It is not clear if other executives whose positions are being elimi-

nated will leave the company. The spokesperson said that Cengiz 

Balkas, the chief operating officer of Wolfspeed, will take over lead-

ership of the business as general manager.

The announcement is a subdued end for the Wolfspeed experi-

ment. The initial plan was for Cree to spin off the unit into a separate 

company, with Cree’s co-founder John Palmour as the chief tech-

nology officer and Plastina as the chief executive. Cree said that 

it wanted to give its main lighting business the breathing room it 

needed to thrive.

But at industry events, Wolfspeed representatives asked report-

ers if other companies were thinking about a possible acquisition. 

Last year, the German chip supplier Infineon threw its name out.

Infineon struck a deal to buy Wolfspeed for $850 million, bolster-

ing its stable of advanced semiconductors used in power manage-

ment and wireless equipment. The deal fit with the vision of chief 

executive Reinhard Ploss to expand in fields like electric cars and 

the infrastructure behind 5G communications.

But then in February, Cree reported 

that the deal was on the rocks. Top regu-

lators in the United States withheld their 

blessing for the deal, likely because they 

were worried about losing Wolfspeed’s 

expertise in gallium nitride, which is con-

sidered vital for new antiballistic missile 

radar. It has been at the center of other 

recently abandoned deals.

Wolfspeed is also a major manufacturer of gallium nitride for the 

Department of Defense, which orders chips for classified projects. 

Though it also sells chips based on silicon carbide, which is widely 

used in power electronics and lighting, Cree said it had been unable 

to work out a deal with Infineon to appease regulators.

The Wolfspeed business was a bright spot on Cree’s troubled 

balance sheet, bringing in revenues of $173 million in 2015. Now 

that the deal has been canceled, Infineon is paying Cree $12.5 mil-

lion in severance fees. The German chipmaker had planned to close 

the deal by the end of 2016.

“We are disappointed that the Wolfspeed sale to Infineon could 

not be completed,” said Chuck Swoboda, Cree’s chief executive, in 

a statement. “In light of this development, we are going to shift our 

focus back to growing the Wolfspeed business.” n

Winding doWn the Wolfspeed saga, an Executive Leaves and an  
Experiment Ends

The chips join a short list of other technologies that support 

the 802.11ax standard, which coordinates multiple antennas to 

beam multiple streams of data into devices. But it contrasts with 

earlier Wi-Fi technologies because it splits each stream again 

using the same self-organization and modulation methods as 

4G networks.

The result is a more efficient network, lowering power consump-

tion and increasing capacity up to four times over existing technol-

ogy. That will make the biggest difference in Wi-Fi networks with 

lots of traffic or pushing up against other nearby networks in an 

apartment complex or office building.

“Capacity—not peak speed—has become the most impor-

tant measure of a network’s ability to handle the ever-increasing 

demands of today’s diverse mix of application and services,” said 

Rahul Patel, Qualcomm’s senior vice president and general man-

ager of connectivity, in a statement.

The new chips will exploit a technology called MU-MIMO, which 

stands for multi-user, multiple-input, multiple-output. It allows mul-

tiple devices to simultaneously absorb multiple streams of data, 

improving network capacity and download speeds. Both devices 

support 12 streams, with eight of those in the 5 GHz spectrum 

band and four in the traditional 2.4 GHz band.

For now, there is not much hardware to support the 802.11ax 

standard, which is not likely to be finalized before 2019. Quantenna 

appears to be the only other supplier to have released details of two 

new chips for routers and set-top boxes that comply with an early 

version of 802.11ax.

Quantenna has said that its two chips will start sampling early 

this year. For its part, Qualcomm expects to sample the IPQ8074 

and QCA6290 in the first half of this year. n
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First, can you tell us a little about the RF Energy Alliance?

The RF Energy Alliance (RFEA) is a non-profit technical 

association comprised of companies dedicated to present-

ing solid-state RF energy’s true potential as a clean, highly 

efficient, and controllable heat and power source. Members 

envision a fast-growing, innovative marketplace built around 

this sustainable technology, contributing to advances and 

paradigm shifts across many applications.

The RFEA is defining and standardizing several RF energy 

building blocks, their software and hardware interfaces, and 

their integration with power supplies and cooling systems. 

As such, the blocks will be “complete” and ready for use by 

application engineers. Ideally, this ease of use will give rise 

to the evolution of identified applications (i.e., microwave 

ovens) as well as the development of completely new ap-

plications (i.e., RF lighting, medical ablation devices, and RF 

plasma ignitions in automobiles). 

By standardizing solid-state RF energy system compo-

nents, modules, and application interfaces, the RFEA will:

• Reduce system cost

• Minimize design complexity

• Ease application integration

• Speed market adoption and enable growth

• Enhance user experiences

How do you see LDMOS and gallium-nitride (GaN) technol-

ogy coexisting in terms of solid-state RF energy applications?

Currently, LDMOS is clearly the dominating technology 

for high-power RF applications. Based on silicon (Si), it en-

joys the large economy of scale available in large wafer fabs 

and, hence, allows the “niche” LDMOS technology to benefit 
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DR. KLAUS WERNER is the owner of kw tec b.v., 

a company active in the fields of metrology, auto-

mation, and consultancy. Currently, he focuses on 

RF energy market development as the RF Energy 

Alliance executive director. Werner previously served 

as solid-state RF energy markets business develop-

ment manager at NXP Semiconductors. He studied 

physics at the RWTH Aachen University, Germany, 

and holds a Ph.D. in semiconductor device technol-

ogy from Delft University of Technology, Nether-

lands. Werner started his professional career as a 

process engineer at Philips Semiconductors. Prior to 

his assignment in the RF power device business, he 

performed in several engineering and operational 

management roles.

TRACKTRACK 

News



from high-volume processing cost. From a semiconductor 

standpoint (silicon), the material parameters are far less 

attractive than those of GaN. The latter, being a high-band-

gap, direct III/V semiconductor, offers increased efficiency, 

higher temperature operation, much higher breakdown 

voltages (ruggedness), and higher carrier mobilities, which 

makes this material the ideal semiconductor for high-power, 

high-frequency (RF energy) applications. Unfortunately, 

GaN at this point cannot be produced at a scale that would 

allow comparable cost levels as those of LDMOS. 

To make a long story short, the above mentioned per-

formance/cost differences will also determine the use of 

the materials in applications. The moment the application 

demands the best available efficiency or bandwidth, GaN 

will be the obvious choice. If it requires cost-effectiveness 

at decent performance, Si LDMOS will win.

This “separation” will stay unchanged until GaN can 

be processed at Si cost—recent advances in that respect 

(GaN-on-Si technology) may prove disruptive in the 

coming years, and could enable a whole new host of 

compact, efficient amplifiers driving new RF energy ap-

plications.

How can cooking appliances utilize solid-state RF energy? 

And what benefits can be achieved by using solid-state RF 

technology instead of traditional magnetrons in microwave 

ovens? 

For cooking applications, such as the microwave oven, 

solid-state RF energy holds many advantages over tradi-

tional magnetrons. These benefits include:

•	 Exceptional control and feedback of RF signal fre-

quency, phase, power, and energy levels

•	 Real-time adaptation to changing load conditions

•	 Higher energy efficiency and lower voltage

•	 Smaller form factor

•	 An “all-semiconductor” electronics footprint with 

associated integration possibilities and design flex-

ibility

The traditional magnetron-based microwave creates 

hot spots and cold spots in the food, which is counterpro-

ductive and lowers the overall quality. The brick-shaped 

3D standing wave patterns in the cavity of the traditional 

microwave causes these temperature differences, and is 

the reason a turntable must sweep the food through the 

RF field. Even with the turntable, residual temperature 

differences caused by the inhomogeneous fields are one of 

the reasons food instructions say “leave to stand for one 

minute after cooking.”

With solid-state RF energy sources, the frequency can be 

shifted to move nodes and anti-nodes around the cavity, 

while the power can also be modulated quickly and with 

ease. Collectively, the technology’s attributes yield an un-

precedented process control range, even energy distribution, 

and rapid adjustment to changing load conditions. By using 

solid-state RF energy in microwaves, the overall quality and 

taste of the food we cook will improve. 

Why has it taken so long to utilize solid-state RF technology 

in microwave ovens?

Solid-state RF energy for cooking applications is gain-

ing industry momentum and a variety of solutions have 

recently hit the market.1,2,3 However, challenges still remain 

for adoption in high-volume markets. The reasons often tie 

back to engineering complexity and system cost.

Solid-state RF energy system design requires engineer-

ing knowledge, which is not generally available due to RF 

(power) engineers being occupied with “linearized ampli-

fier” systems for data-transmission purposes or concerned 

with magnetron sources for heating applications. There is 

a general lack of design knowledge with respect to applying 

solid-state RF generation to additional, less-focused-upon 

RF energy systems.

When it comes to conceiving an RF energy system, a 

system architect must cover the “usual suspects” like power 

supplies, thermals, digital interfaces, microcontrollers, and 

firmware, as well as the intricacies around RF signal genera-

tion, amplification, and “injection” into the applicator.
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“
when it comes to conceiving an rf energy system, a system 

architect must cover the usual suspects like power supplies, 

thermals, digital interfaces, microcontrollers, and firmware, as well as 

the intricacies around rf signal generation, amplification, and  

injection into the applicator."

http://mwrf.com
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Additionally, solid-state RF energy 

applications are still quite expensive 

due to the current volume supply 

base. The RFEA’s efforts to develop 

specifications and roadmaps for 

solid-state RF energy will combat 

those obstacles—and we believe it 

will make solid-state RF mainstream. 

For example, the “RF Power Amplifier 

(PA) Roadmap: Residential Appli-

ances” outlines multiple PA module 

scopes that feasibly reduce the system 

cost to be competitive with current 

magnetron-based solutions in the 

near future.    

Do you expect magnetron-based 

microwave ovens to eventually be alto-

gether replaced by solid-state ones?

Yes. Albeit that this will still be a 

couple of years out. The industry is 

actually moving ahead of the above 

mentioned roadmap; the implementa-

tion of the technology in consumer 

goods is just a year or two out. A lot 

of current investment goes into the 

integration of the new technology into 

appliances. But again, before the entire 

microwave oven market is converted, 

it will take couple of years—the 

magnetron is just too powerful and 

cheap to be that easily replaced. 

What does solid-state RF energy mean 

for the industrial market?

The technology offers a number of 

advantages. First of all, the semicon-

ductors are very reliable, can sweep 

frequency and power easily, and 

can be pulsed. The magnetron, on  

the other hand, is extremely  

powerful as a single source—the  

solid-state PAs need to be combined 

in relatively complex mechanical 

structures to achieve the same 

amount of output power as a single 

magnetron. 

This may sound like a real dis-

advantage, and this may really be 

the case for some applications. But, 

overall, the smaller power chunks of 

the amplifiers also offers the oppor-

tunity to re-partition large industrial 

systems into smaller, independently 

controllable units, which then offer 

better process control and probably 

higher yields. Current industrial users 

still need to rethink their design flow 

to appreciate the benefits that a more 

granular, agile technology can bring to 

their systems.

Lastly, what other markets are being 

targeted?

Beyond residential cooking ap-

pliances, the RFEA is also targeting 

applications such as professional 

cooking appliances, industrial lighting, 

industrial heating, automotive ignition, 

plasma creation, and medical devices 

for imaging and treatment (MRI, 

ablation, hyperthermia, skin rejuvena-

tion, etc.). 

RefeRences
1. http://www.popularmechanics.com/technology/

infrastructure/a21030/solid-state-microwaves/

2. http://www.ampleon.com/news/news-articles/

ampleon-and-midea-collaboration-results-in-world-

s-first-solid-state-oven.html

3. https://www.macom.com/about/news-and-

events/press-release-archive/row-col1/news--event-

archive/macom-achieves-breakthrough-for

“
Beyond residential cooking appliances, 

the RfeA is also targeting applications 

such as professional cooking appliances, indus-

trial lighting, industrial heating, automotive 

ignition, plasma creation, and medical devices 

for imaging and treatment (MRI, ablation, 

hyperthermia, skin rejuvenation, etc.)."
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M
edical electronic devices are expanding the 

capabilities for remote monitoring of a patient’s 

health and vital signs. as the number of these de-

vices are worn by and/or embedded into a patient, nanonet-

works are formed in which inter-device communications—as 

well as communication to a remote location like a hospital or 

doctor’s ofce—are made possible by means of wireless inter-

net links. to better understand how such nanonetworks will 

perform when surrounded by the dielectric material known 

as human skin, a research team based in london and Qatar 

focused on the parameter extraction of skin material using 

terahertz-frequency time-domain spectroscopy (tds) in the 

band from 0.1 to 2.5 tHz.   

the dielectric characteristics of skin and tissues are based 

largely on the high water content (water with a dielectric constant 

of about 80), and terahertz radiation has been shown to be very 

sensitive to changes in the water content of different materials, 

including skin and tissues. the terahertz spectroscopy was per-

formed on human skin and tissue to develop better models for 

what will be wireless communications networks formed with the 

internet of nanothings for biomedical applications. the research 

team consisted of nishtha chopra, Ke Yang, Mike Philpott, and 

akram alomainy from the Queen Mary University of london, 

as well as Qammer abbasi and Khalid Qaraqe from texas a&M 

University at Qatar (education city, al-rayyan, Qatar). 

considering the fact that human skin consists of three 

layers—the epidermis, dermis, and fat layers—the intent 

of using terahertz spectroscopy was to noninvasively study 

the dielectric characteristics of the dermis skin layer and its 

many complex structures (e.g., blood vessels, sweat ducts, 

and capillaries). the tds system relies on coherent detec-

tion of pulsed terahertz waves mixed with sampling optical 

pulses in a detector. the terahertz spectral waveforms pro-

vide information about both phase and amplitude. optical 

beams are split into two parts, so that not only the absorp-

tion of a sample can be obtained, but also the dispersion by 

analyzing the Fourier transform of the detected waveforms. 

the terahertz tds system at Queen Mary University of lon-

don, which has a typical frequency range of 0.1 to 4.0 tHz, 

was used in the analysis. 

insight into the dielectric properties of human skin was 

gained by studying dehydrated skin samples. this also rein-

forced the fact that the dielectric impact of water in human 

bodies must be modeled and accounted for when optimizing 

future in-body nanonetworks, such as those using medical 

sensors for analysis and study of tumors and cancers. 

see: “tHz time-domain spectroscopy of Human skin 

tissue for in-Body nanonetworks,” IEEE Transactions on 

Terahertz Science and Technology, vol. 6, no. 6, november 

2016, p. 803.  

Mapping Dielectric properties for Body-Based networks 

systeM coMBines optical and terahertz signals at 400 gHz
Data-hungry applications are steadily consuming wireless 

bandwidth, to the point where network managers are eying avail-

able bandwidth at millimeter-wave and even terahertz frequencies. 

To that end, researchers based in Lyngby, Denmark and Cam-

bridge, England have surveyed efforts at developing terahertz 

wireless-communications systems and evaluated various methods 

of designing  terahertz-frequency communications links for high-

data-rate applications.

The team learned that links can be assembled completely from 

electrical components using electromagnetic (EM) energy or from 

a combination of electrical and optoelectronic technologies. Since 

higher data rates have been achieved with the latter approach, 

the researchers propose an optoelectronics terahertz wireless 

communications system operating in the 400-GHz band; it uses 

optical signals in a 12.5-GHz ultradense wavelength division mul-

tiplexing (UD-WDM) grid. 

The research and system development were performed by 

Xianbin Yu from Zhejiang University (Hangzhou, China) and DTU 

Fotonik (Department of Photonics Engineering, Technical Univer-

sity of Denmark), along with Rameez Asif of the University of Cam-

bridge and a team consisting of Molly Piels, Darko Zibar, Michael 

Galili, Toshio Morioka, Peter Jepsen, and Leif Oxenlowe (also from 

DTU Fotonik). The terahertz carriers are generated by heterodyne 

photomixing of free-running optical sources—in this case, a 100-

kHz continuous-wave (CW) laser array with frequency stability of 

±12.5 GHz and power stability of ±0.003 dB over 24 h. 

This generation of millimeter-wave and terahertz signals is 

transparent to modulation sources already being used in WDM 

optical communications systems. The researchers demonstrated 

the compatibility of their system with optical networks by using 

spectrally effcient optical Nyquist channels with a quadrature-

phase-shift-keying (QPSK) modulation format, as used for com-

mercial 100 Gigabit Ethernet applications. 

For testing, a wireless propagation distance was fxed at 50 cm, 

with path loss of less than 2 dB achieved under optimum condi-

tions. Downconversion was to intermediate-frequency (IF) chan-

nels in the 20-GHz band. The researchers achieved aggregated 

data rates to 60 Gb/s with their system, and showed the potential 

for a terahertz-frequency communications link that combines opti-

cal and EM signals. 

See: “400-GHz Wireless Transmission of 60-Gb/s Nyquist-QPSK 

Signals Using UTC-PD and Heterodyne Mixer,” IEEE Transactions 

on Terahertz Science and Technology, Vol. 6, No. 6, November 

2016, p. 765.
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CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.CATV, wireless LANs, and base station infrastructure.
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*Low frequency cut-off determined by coupling cap.

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

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

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

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

See model datasheets for details
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GVA amplifers now offer more options and more capabilities 

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

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

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

added effciency up to 47%!  These new MMIC amplifers are 

perfect solutions for many applications from cellular to satellite and 

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

various combinations of gain, P1dB, IP3, and noise fgure to ft your 

application.  Based on high-performance InGaP HBT technology, 

these amplifers are unconditionally stable and designed for a 

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

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

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

you need to choose your GVA today!
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Smart-home services have the potential to impact households 

in a profound way. 

How Smart Homes Can 
Deliver Sustainability as a 
Service

WITHIN JUST THREE years, it’s estimated that 

as many as five billion people and 50 billion 

devices could be connected. While those 

numbers alone are impressive, it’s the poten-

tial of that connectivity to improve many 

aspects of our lives (including the health of 

our planet) that’s truly eye-opening.

Many discussions surrounding the smart 

home focus on benefits that can be realized 

by the people living in them. But a truly 

smart, connected home—one that can inde-

pendently assess and respond to real-time 

requirements for power, water, heating, and 

similar resources—is able to promote sus-

tainability. In addition, it can avoid serious 

damage to the home by independently iden-

tifying waste and avoiding spillage. 

The introduction of highly power-effi-

cient chips that support multiple commu-

nications protocols—e.g., IEEE 802.15.4, 

ZigBee 3.0, Thread, and Bluetooth Low 

Energy (BLE)—is rapidly driving advances 

in smart-home networking.

But in order to realize the environmental benefits of smart-

home technology, we must first understand what a smart 

home really is (not just a collection of connected devices) and 

have insight into what consumers want from a smart home 

(services).

WHAT IS A SMART HOME?

Too often, the words “smart” and “connected” are used 

interchangeably when discussing the devices that power the 

Internet of Things (IoT). But they are not the same. Many of 

today’s devices are essentially internet-enabled remote con-

trols that require human action to be turned on and off. 

The term “smart” implies intelligence with decision-mak-

ing capabilities. A smart device and application can analyze 

incoming data and make a decision to control or activate a 

device without human intervention. 

In the context of the home, “smart” refers to a network of 

sensors in the house that measures and monitors the environ-

ment. The network senses who is in the home, where they are 

in the home, and what the “normal” activity is in the home at 

that particular day and time. 

By using intelligence and information that the system has 

learned about the residents, it makes decisions about whether 

to lock doors and windows; turn on or off the heater, air con-

ditioner, lights or entertainment systems; activate the security 

system; and more (Fig. 1). 

1. These are the types of events and behavior patterns that a smart home will track and 

learn from to recognize what is going on in the home.
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Smart Homes

For example, if a family was streaming a movie on a hot 

summer night, a smart-home system would turn off the lights 

and turn down the A/C in the empty parts of the home. In 

addition, if power-consuming devices are on but not in use, 

such as a computer or gaming console, the system turns those 

off as well.

After the family goes to bed, the system can then turn off 

the A/C or heating in the unused areas and keep it on only in 

the areas where people are sleeping. Since many people prefer 

cooler temperatures for sleeping, the system could be smart 

enough to slowly reduce the temperature at night and then 

raise it again in the morning. It could further reduce energy 

consumption by anticipating the falling outside temperature 

during the night.

The network learns from the people who live in the home to 

make predictions about future behaviors. It knows the number 

of household members, how rooms are used and when, bed-

times, who works from home and where, who gets up early, 

etc. Patterns are absorbed by the system and used to enhance 

comfort and convenience settings. These settings are also cost-

saving and have the potential to significantly reduce energy 

consumption.

This type of sophisticated smart-home network requires 

specific capabilities:

1. It must connect to and communicate with other smart 

or connected devices in the home. 

2. It must be intelligent, recognize what goes on in the 

home, and learn what is normal. 

3. Residents must be able to manage functions with a 

single integrated application on a smartphone or other 

web-connected device. 

Smart devices are essential to what 

consumers really want—namely, ser-

vices. A 2016 study showed that con-

sumers are not interested in simply hav-

ing a bunch of connected devices that 

remotely control various things in the 

home. They desire services, and hav-

ing these services without the hassle of 

investigating, purchasing, installing, 

and maintaining a system of disparate 

connected devices. In short, consumers 

want a smart home as a service. 

WHAT IS SHaaS? 

Smart Home as a Service (SHaaS) is a 

collection of services that analyzes input 

from the smart home’s sensors, learns 

how the family lives and how the home is 

used, and can make intelligent decisions 

to make homes more comfortable, safe, and energy-efficient 

(Fig. 2).

Instead of a consumer having to decide which hardware and 

software options or which wireless technology to implement 

in their home, they can simply leave it up to the providers of 

services they already use (e.g., internet access, security, and 

entertainment).  

By opting for SHaaS, consumers don’t have to be technolog-

ically savvy or care about the underlying wireless technology. 

Having one provider responsible for installation, setup, and 

management of the network makes it much faster to imple-

ment services, add new services, and ensure that controls and 

user interfaces are unified. 

This is how the four basic components of a SHaaS work 

together:

1. A network of sensors in the home provides a general 

indication of when and where movement occurs in the 

home and whether the home is secure, what the envi-

ronmental conditions are, and whether there are any 

issues (a leak, for example). 

2. The information derived from these sensors is wire-

lessly collected by a local hub (gateway, set-top box, 

etc.) and securely transmitted to an intelligent cloud 

service that collects and analyzes the data, and sends 

alerts to family members when it detects changes.

3. A central management app enables the consumer to 

manage the network via a smartphone or any web-

connected device in a single user interface. 

4. The service provider is able to easily handle customer 

support, billing, and subscriber management, as well as 

software and service upgrades and changes. 

SHaaS: SMART HOME AS A SERVICE

Control Database
Data Analytics and 

Alert/Interrupt

Home 
Gateway

Smart Home Sentrollers

Cloud

Subscriber 
Management 

& Support

Consumer/
Subscriber

Social Media Services

2. A Smart Home as a Service (SHaaS) system consists of multiple services that leverage 

input from sensors.
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Smart Homes

How Can tHe SHaaS ReduCe enviRonmental 

impaCtS? 

It’s easy to see how a SHaaS can increase efficiency, safety, 

and comfort within the home and help its occupants better 

manage and live their lives. But SHaaS benefits reach well 

beyond the walls of the home, helping to reduce the use 

of our planet’s natural resources and our carbon footprint 

(Fig. 3). 

Water. Water conservation is one such example. Most 

everyone has experienced a leaking water heater. If the leak is 

not immediately detected, the water heater continues to run, 

inefficiently heating and wasting water, causing costly damage 

in the home, and resulting in high energy and water bills. 

One fix is to install a leak detector that sends an alarm when 

the tank fails. But by taking that a step further and connecting 

that leak detector sensor to a smart-home network—one that 

includes actuators and controls on the power and water sourc-

es—the smart home can alert the home owner and control the 

power and water systems that feed it.

This same scenario applies to frozen water pipes. If the 

network notices that water is moving in the pipes with no one 

home, it can send a notice to the homeowner and turn off the 

water at the main valve. In daily applications, the smart home 

would recognize that water is flowing when no one is home, 

talk to the water meter, and turn off the flow.

Power. Power use is another area where the SHaaS deliv-

ers environmental benefits. A green smart home would 

monitor how and when power is consumed and manage 

power in the home based on that data. For example, the 

home would make sure A/C and heating systems are not in 

use until someone is home, and would automatically open 

and close window shades or curtains to adjust for the sun 

and the season. 

The home’s power-storage system can be charged during 

the day via solar panels on the roof, or at night when power is 

less expensive. That way, the home’s power-hungry appliances 

can use “cheap” stored electricity instead of drawing from the 

grid during expensive rate times. These systems are already 

in use in industrial applications and will soon be moving to 

home use.

The smart-home power system can learn which devices are 

the worst power consumers when not in use and simply dis-

connect them. If the home network recognizes that the family 

is away on vacation, it can disconnect all devices that consume 

standby power. 

People. A smart home can have environmental benefits in 

subtle ways, as well. Families with an older parent who lives 

alone can use the smart-home network to maintain awareness 

of their daily well-being without having to drive or take the 

bus across town, reducing CO2 emissions.

An effective smart home makes its people smarter, too. 

When people are educated about how much appliances are 

actually costing in power, they are more likely to turn off the 

appliances when not in use and to be more conscientious in 

their use of energy. 

Home SenSoRS and analytiCS SuppoRt 

SuStainability

On April 22, countries around the world will mark Earth 

Day. Our ideas about the role of home connectivity in envi-

ronmental stewardship have been transformed since the first 

celebration of this event in 1970. 

New technology, composed of sensors and analytics, is 

empowering smart-home solutions that learn from the people 

who live there. These systems use this knowledge to make pre-

dictions about future behaviors and take actions that enhance 

comfort and convenience, save money, and reduce environ-

mental impacts. Smart Home as a Service enables consumers 

to practice sustainability and help ensure a cleaner future sim-

ply by exerting greater control over the way resources are used 

in their homes. 

Automated 
temperature control

Automated 
grocery service

Open/close doors 
and windows

Turn on/
off lights

Smart medical 
service

Control home 
appliances

Detect leaks and 
turn off water

Turn on/off 
entertainment system

A collection
of services

THE SMART HOME BUTLER
The Real Smart IoT

3. The SHaaS acts as a butler in the home, using a 

network of sentrollers and cloud intelligence to create 

an environment that benefits those who live in it—and 

also helps to support the health of our planet.
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Digital modulation/demodulation formats provide options in terms of bandwidth 

efficiency, power efficiency, and complexity/cost when meeting a modern 

communications system’s data-transfer needs. 

Managing Modulation 
and Demodulation

Modulation and deModulation 

provide the means to transfer infor-

mation over great distances. As not-

ed in the first part of this article (see 

“Basics of Modulation and Demodula-

tion” on mwrf.com), analog forms of 

modulation and demodulation have 

been around since the early days of 

radio. Analog approaches directly 

encode information from changes in a 

transmitted signal’s amplitude, phase, 

or frequency. Digital modulation and 

demodulation methods, on the other 

hand, use the changes in amplitude, 

phase, and frequency to convey digital 

bits representing the information to be communicated.

With growing demands for voice, video, and data over com-

munications networks of all kinds, digital modulation and 

demodulation have recently replaced analog modulation and 

demodulation methods in wireless networks to make the most 

efficient use of a limited resource: bandwidth. In this second 

part, we explore how some higher-order modulation and 

demodulation formats are created, and how software and test 

equipment can help to keep different forms of modulation and 

demodulation working as planned. 

Enhancing EfficiEncy

Efficiency is a common goal of all modulation/demodula-

tion methods, whether they involve conserving bandwidth, 

power, or cost. Digital modulation/demodulation formats, 

in particular, have been found able to transfer large amounts 

of information with minimal bandwidth and power. While 

increased data capacity tends toward increased complexity in 

digital modulation/demodulation, high levels of integration 

in modern ICs have made possible communications systems 

capable of reliable, cost-effective operation with even the most 

advanced digital modulation/demodulation formats. 

Reasonable bandwidth efficiency is possible with standard dig-

ital modulation formats, such as amplitude-shift keying (ASK), 

frequency-shift keying (FSK), and 

phase-shift keying (PSK). By execut-

ing additional variations, more complex 

digital modulation formats can be cre-

ated with improved data capacity and 

bandwidth efficiency, as measured in 

the number of digital bits that can be 

transferred in a given amount of time 

per unit amount of bandwidth (b/s/Hz). 

For example, with minimum-shift 

keying (MSK), essentially a form of 

FSK, peak-to-peak frequency devia-

tion is equal to one-half the bit rate. A 

further variation of MSK is Gaussian 

MSK (GMSK), in which the modulated 

signal passes through a Gaussian filter to minimize instanta-

neous frequency variations over time and reduce the amount 

of bandwidth occupied by the transmitted waveforms. GMSK 

maintains a constant envelope and provides good bit-error-rate 

(BER) performance in addition to its good spectral efficiency. 

By applying some small changes, it is also possible to improve 

power efficiency. Quadrature PSK (QPSK) is basically a four-

state variation of simple PSK. It can be modified in different 

ways—e.g., offset QPSK (OQPSK)—to boost efficiency. In 

QPSK, the in-phase (I) and quadrature (Q) bit streams are 

switched at the same time, using synchronized digital signal 

clocks for precise timing. A given amount of power is required 

to maintain the timing alignment. 

In OQPSK, the I and Q bit streams are offset by one bit peri-

od. Unlike QPSK, only one of the two bit streams can change 

value at any one time in OQPSK, which also provides benefits 

in terms of power consumption during the bit switching pro-

cess. The spectral efficiency, using two bit streams, is the same 

as in standard QPSK, but power efficiency is enhanced due to 

reduced amplitude variations (by not having the amplitudes of 

both bit streams passing at the same time). OQPSK does not 

have the same stringent demands for linear amplification as 

QPSK, and can be transmitted with a less-linear, more-power-

efficient amplifier than required for QPSK. 

jack browne | Technical Contributor

Engineering Essentials

1. The Modulation Toolkit of LabVIEW simulation 

software allows users to predict performance of 

different modulation formats under changing con-

ditions. (Courtesy of National Instruments)
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Modulation/Demodulation

The Role of filTeRing

The bandwidth efficiency of a modulation/demodulation 

format can be improved by means of filtering, removing signal 

artifacts that can cause interference with other communica-

tions systems. Various types of filters are used to improve the 

spectral efficiency of different modulation formats, including 

Gaussian filters (with perfect symmetry of the rolloff around 

the center frequency); Chebyshev equiripple, finite-impulse-

response (FIR) filters; and lowpass Nyquist filters (also known 

as raised-cosine filters, since they pass nonzero bits through the 

frequency spectrum as basic cosine functions).  

The goal of filtering is to improve spectral efficiency and 

reduce interference with other systems, but without degrading 

modulation waveform quality. Excessive filtering can result 

in increased BER due to a blurring of transmitted symbols 

that comprise the data stream of a digital modulation format. 

Known as intersymbol interference (ISI), this loss in integrity 

of the symbol states (phase, amplitude, frequency) make it dif-

ficult to decode the symbols at the demodulator and receiver in 

a digitally modulated communications system. 

An ideal filter is often referred to as a “brickwall” filter due 

to its instant changeover from a passband to a stopband. In 

reality, filters do not provide an ideal reduction in signal band-

width due to the need for some amount of transition between 

a filter passband and its stopband; longer transitions require 

more bandwidth.

Filters for digital modulation/demodulation applications are 

regularly characterized by a parameter known as “alpha,” which 

provides a measure of the amount of occupied bandwidth by 

a filter. For example, a “brickwall” filter, with instant transi-

tion from stopband to passband, would have an alpha value of 

zero. Filters with longer transitions will maintain larger values 

of alpha. Smaller values of filter alpha result in increased ISI, 

because more symbols can contribute to the interference.

MoDeling anD MeasuRing

A wide range of suppliers offer modulators and demodula-

tors in various formats, from highly integrated ICs to discrete 

components. A number of those highly integrated transceiver 

ICs can be used for both functions—as transmitters/modulators 

and receivers/demodulators. Some are even based on software-

defined-radio (SDR) architectures with sufficient bandwidths 

to serve multiple wireless communications standards and mod-

ulation/demodulation requirements. 

Modeling software helps simplify the determination of 

requirements for a communications system’s modulation/

demodulation scheme. Some software programs provide gen-

eral-purpose modulation/demodulation analysis capabilities, 

allowing users to predict the results of using different analog 

and digital modulation schemes. For example, the Modulation 

Toolkit (Fig. 1) from National Instruments (www.ni.com) works 

with the firm’s popular LabVIEW design software to simulate 

communications systems based on different analog and digital 

modulation/demodulation formats. The software makes it pos-

sible to experiment with different variables, such as carrier fre-

quency, signal strength, and interference; and predict different 

performance parameters, such as BER, bandwidth efficiency, 

and power efficiency, under different operating conditions. 

In contrast, S1220 software from RIGOL Technologies USA 

(www.rigol.com) simulates ASK and FSK demodulation, in 

particular for Internet of Things (IoT) applications (Fig. 2). The 

software teams with the company’s spectrum analyzers to study 

modulation/demodulation over a carrier frequency range of 9 

kHz to 3.2 GHz (and to 7.5 GHz with options). It provides an 

ASK symbol rate measurement range of 1 to 100 kHz and FSK 

deviation measurement range of 1 to 400 kHz.

Test instruments are an important part of achieving good 

modulation/demodulation performance. Numerous test-

equipment suppliers offer programmable signal generators, 

such as arbitrary waveform generators, that can create different 

modulation formats to be used with or without a carrier signal 

generator for emulating modulated test signals. Spectrum ana-

lyzers provide windows to the modulation characteristics of 

waveforms within their frequency ranges. And some specialized 

measurement instruments have been developed for the purpose 

of testing modulation and demodulation and associated com-

ponents, such as modulation domain analyzers (MDAs). 

A number of different display formats provide ways to visu-

alize modulated signals—with both signal analyzers and soft-

ware—including constellation diagrams, eye diagrams, polar 

diagrams, and trellis diagrams (for trellis modulation). For 

example, separate eye diagrams can be used to show the mag-

nitude versus time characteristics of two separate I and Q data 

channels, with I and Q transitions appearing as “eyes” on a 

computer or instrument display screen. Different modulation 

formats will show as different types of displays; for instance, 

QPSK will appear as four distinct I/Q states, one in each quad-

rant of the display screen. A high-quality signal creates eyes that 

are open at each symbol.  

2. S1220 software, when used with a series of commercial spectrum 

analyzers, is aimed at optimizing ASK and FSK demodulation in IoT 

applications. (Courtesy of RIGOL Technologies USA)
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LTE technology is enabling the next wave of public safety communication networks. 

Device-to-Device 
Communication  
Aids Public Safety

Graham Freeland | Consultant Software Engineer, MathWorks

marc BarBeris | Principal Application Engineer, MathWorks

www.mathworks.com

Industry Trends

Release 12 of the 3rd Generation Partnership Project 

(3GPP) LTE standard introduced a device-to-device (D2D) 

interface aimed primarily at allowing LTE to support public 

safety communication systems. A key driver for this LTE 

feature is the First Responder Network Authority (FirstNet), 

established by the U.S. government. This organization is tasked 

with creating and maintaining a single high-speed nationwide 

wireless broadband network dedicated to public safety.

It was decided that this public safety network would be 

based on LTE technology. As a result of this decision, a num-

ber of U.S. organizations engaged with 3GPP and its members 

with a view to extend the LTE standard to support features 

required for public safety. One such feature, for example, is in 

regard to communication within out-of-coverage scenarios. 

The first results of this work are standardized as the Prox-

imity Services (ProSe) features in LTE Release 12. This work 

continues to evolve in Release 13 and beyond. There is now 

worldwide backing, from the likes of the TETRA and Critical 

Communications Association (TCCA), for the use of LTE in 

next-generation critical communication systems as a replace-

ment for TETRA and P25.

ProSe introduced sidelink connectivity, a new interface with 

a set of transport and physical channels with associated physi-

cal signal. Resource pools define physical resources in time 

and frequency that carry D2D control and traffic data. These 

resource pools, which are a new concept in the LTE standard, 

are key to understanding how ProSe traffic can coexist with 

legacy LTE traffic.

In this article, we discuss some of the main features of D2D 

in LTE Release 12 and focus on the concept of resource pools 

and sidelink transmission. The MathWorks LTE System Tool-

box is utilized to present ProSe performance results.

Direct Discovery vs.Direct communication

D2D communication offers a number of advantages over 

network-based communication. These advantages include 

shorter latency, decreased network traffic, power savings, and 

a fallback system in the case of network failure. 

Two features are specified as part of ProSe in Release 12: 

•	 Direct	discovery:	This is used in commercial applica-

tions like targeted advertising. Direct discovery enables 

UEs to advertise and discover content of interest in 

their immediate surroundings (up to a few hundred 

meters), or transfer data between LTE-enabled devices.

•	 Direct	communication:	This is currently reserved for 

public safety usage.

This article focuses exclusively on direct communication as 

defined for public safety usage.

Several scenarios are defined for coverage (Figure 1):

•	 UE in coverage

•	 UE in partial coverage

•	 UE out of coverage

When at least one of the UEs is either in coverage or in par-

tial coverage, the LTE network may play a part in coordinating 

transmission between nearby UEs. On the other hand, one 

new aspect of direct communication allows LTE devices to 

communicate without the assistance of the network, as in the 

out-of-coverage scenario.

siDelink connectivity 

One of the first decisions the LTE standards body had to 

make was whether to reuse some of the same physical resourc-

In Coverage Partial Coverage Out of Coverage

1. This figure illustrates three different coverage scenarios.
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Public Safety Communications

es as the downlink or uplink. It was decided that the UE shall 

transmit on uplink LTE frequencies, using single-carrier fre-

quency division multiple access (SC-FDMA) modulation and 

resources from the uplink. To explain how the eNodeB or UE 

selects those uplink resources, however, we first need to intro-

duce resource pools and some of the sidelink channels.

Release 12 of the LTE standard defines sidelink as a new 

interface with a set of transport and physical channels, with 

associated physical signals to support deployment of the D2D 

direct communication and direct discovery features.

Some of the sidelink physical channels include:

•	 Physical	Sidelink	Shared	Channel	(PSSCH): This 

channel carries sidelink data. Sidelink transmission is 

defined as a one-to-many scheme, meaning that the 

data is to be received by multiple UEs that belong to 

a group.

•	 Physical	Sidelink	Control	Channel	(PSCCH): This 

channel is analogous to the traditional Physical Down-

link Control Channel (PDCCH) in that it carries the 

sidelink control information (SCI) message, which 

contains information about the resource allocation of 

the physical sidelink shared channel.

The following sidelink physical signals are also defined:

•	 Demodulation	reference	signals:	These symbols are 

used for channel estimation.

•	 Primary	and	Secondary	Sidelink	Synchronization	

Signals	(PSSS	and	SSSS):	These synchronization sig-

nals are needed to synchronize UEs that are out of cov-

erage and therefore cannot use the primary and second-

ary synchronization signals emitted by the eNodeB.

ReSouRCe PoolS

A resource pool is a set of resources defined by a subset of 

subframes and resource blocks available within these sub-

frames. The block of resources is repeated with a period, 

known as the PSCCH period, which can range from 40 to 320 

ms.  A resource pool is designed to set aside physical resources 

for transmission of sidelink data (including associated control).

3GPP TS 36.101 defines examples of resource pool settings. 

We consider the PSCCH period defined in Annex A.7.2 Table 

7.2.1-1 for 5-MHz bandwidth.

LTE System Toolbox lets users model and visualize this set-

ting with just three lines of code:

•	 params	=	PSCCHPeriod.defaultConfig(1,‘5MHz’);

•	 period	=	PSCCHPeriod(params);

•	 displayPeriod(period);

Figure	2 shows a PSCCH period for the default 5-MHz setting.

TRanSmiSSion and modulaTion

Both PSCCH and PSSCH use resources selected from the 

resource pools. The PSCCH is transmitted using quadrature 

phase-shift-keying (QPSK) modulation and a very low cod-

ing rate. It is sent twice in two different subframes in order to 

further increase the signal-to-noise ratio (SNR) and, thereby, 

the probability of correct demodulation.

The PSSCH is transmitted using either QPSK or 16-state 

quadrature amplitude modulation (16-QAM), and one of the 

allowed coding rates. This modulation and coding scheme 

(MCS) is included in the sidelink control information carried 

by the PSCCH.

Each transport block is sent four times with a fixed redun-

dancy version sequence in order to let the receiver(s) use 

soft combining. Note that PSSCH carries data meant to be 

received by a group of UEs, as opposed to a single UE. There-

fore, there cannot be a closed-loop HARQ scheme. Rather, all 

transmissions are always repeated four times, although any 

individual UE may successfully decode a transport block in 

fewer than four transmissions.

The PSCCH and PSSCH are mapped to physical resources 

included in the resource pools described earlier, using one of 
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2. This is an example of a full-band resource pool. Shown are syn-

chronization transmission (light blue), control resource pool (dark 

blue), and shared resource pool (yellow). Resource blocks are num-

bered from 1 to 25, corresponding to indices 0 through 24.
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3. This is an example of PSCCH and PSSCH allocation within a 

resource pool. Resource blocks are indexed starting with 1.
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two strategies that correspond to the two transmission modes 

defined in LTE Release 12:

•	 Transmission	mode	1	(network-directed):	When the 

UE is in coverage, the eNodeB can dynamically assign 

resources to the UE for D2D transmission. In this trans-

mission mode, the eNodeB can guarantee no colli-

sion between any sidelink transmission and any uplink 

transmission, or between sidelink transmissions.

•	 Transmission	mode	2	(UE-selected):	The UE selects 

which resources to use for transmission. Transmission 

mode 2 is applicable to all scenarios, in coverage and 

out of coverage. The resources are selected at random 

to minimize the collision risk.

Sidelink PerformanCe 

We now want to illustrate a concrete example of a resource 

pool configuration and how to determine 

the performance of sidelink control and data 

channels using LTE System Toolbox. 

Here, we assume transmission mode 2, 

meaning that the transmitting UE must 

randomly select suitable resources from a 

predefined resource pool. Note that the UE 

could be in coverage or out of coverage.

The main steps are:

•	Set up a resource pool according to pre-

defined parameters.

•	Create an SCI message. This message car-

ries all necessary pieces of information, 

including resource allocation for the PSSCH 

and modulation and coding scheme.

•	Create a PSSCH transport block.

Sidelink SCI and SL-SCH BLER (%) in AWGN
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sidelink SCI and SL-SCH over 1000 periods.
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•	 Transmit	the	SCFDMA	modulated	signal	over	a	channel.

•	 Demodulate	the	signal.

•	 Blindly	detect	the	SCI	by	trying	out	all	possible	

PSCCH	resources.

•	 Once	the	SCI	is	decoded,	extract	the	relevant	resource	

blocks	where	PSSCH	is	located.

•	 Decode	the	PSSCH	over	up	to	four	retransmissions	

(open-loop	HARQ).

The	simulation	determines	the	error	rate	on	PSCCH	and	

PSSCH	decoding.	Here,	we	chose	an	MCS	value	of	11,	which	

corresponds	to	16-QAM.	

Figure 3	shows	which	resources	were	actually	picked	by	the	

UE	for	a	particular	subframe	for	PSCCH	and	PSSCH.	They	are	

highlighted	in	green.	

Observe	the	two	PSCCH	and	four	PSSCH	transmissions	

in	different	subframes	that	belong	to	their	respective	resource	

pools.	The	PSCCH	transmissions	occupy	

one	physical	resource	block	each	(1	and	

13)	in	the	first	and	second	subframes	of	

the	PSCCH	resource	pool	(dark	blue).	

PSSCH	transmission	occupies	contiguous	

physical	resource	blocks	in	two	groups	

of	two	consecutive	subframes	within	the	

(yellow)	PSSCH	resource	pool:	PRBs	13	

through	22,	13	through	22,	1	through	10,	

and	3	through	12.

Finally,	the	block	error	rate	(BLER)	for	

both	PSCCH	and	PSSCH	are	shown	as	a	

function	of	the	SNR,	as	well	as	the	num-

ber	of	retransmissions	that	were	com-

bined	(Fig. 4).	Combining	stops	when	

the	channel	is	successfully	decoded	or	

the	maximum	number	of	transmissions	

is	reached	(2	for	PSCCH,	4	for	PSSCH).

For	low	SNRs,	the	receiver	always	needs	

both	PSCCH	and	all	four	PSSCH	trans-

missions.	For	-10	dB,	we	can	see	that	the	

BLER	is	100%.	Thus,	even	with	all	retrans-

missions,	the	receiver	cannot	correctly	

decode	either	channel	with	this	weak	

signal.	Conversely,	at	-1	dB,	the	BLER	is	

always	0,	meaning	that	both	the	SCI	and	

Sidelink	Shared	Channel	(SL-SCH)	are	

correctly	decoded,	after	an	average	of	1	

and	1.7	transmissions,	respectively.

ConCluSion

The	LTE	standard	is	constantly	evolv-

ing	and	introducing	new	capabilities	

supported	by	new	features.	Proximity	

services	are	one	of	the	main	recent	addi-

tions	to	the	LTE	standard,	with	appli-

cations	in	both	public	safety	and	com-

mercial	deployments.	Furthermore,	LTE	

Release	14	may	add	a	vehicle-to-vehicle	

(V2V)	and	vehicle-to-everything	(V2X)	

capability	based	on	the	sidelink	with	

suitable	modifications	to	accommodate	

specific	requirements,	such	as	low	laten-

cy	and	high	reliability.	
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Design Feature

L
ow-noise amplifiers (LNAs) are essential for receiv-

ing low-level communications signals, although 

such amplifiers are typically not broadband in 

their frequency coverage. However, an innova-

tive LNA design approach blends low- and high-frequency 

circuit design techniques to achieve low noise from dc to 17 

GHz. The amplifier, based on enhancement-mode, pseu-

domorphic high-electron-mobility-transistor (E-pHEMT) 

semiconductor technology, achieves low 1/f noise with low 

harmonic distortion and relatively flat gain across its wide 

frequency range. 

The novel amplifier design (Fig. 1) features a cascode con-

figuration with an op-amp-based error amplifier, trans-

conductance (gm) current driver, lowpass filter (LPF), and 

active current source to supply a dc offset current to the error 

amplifier. The amplifier design also includes a 50-Ω resistive 

divider that serves as an input for the differential amplifier. 

The LPF isolates the transconductance driver from the cas-

code at high frequencies and provides a 

100-Ω high-frequency termination.

The LNA circuit cascode is formed by 

the E-pHEMTs J27 and J31. Amplifier 

gain is set by resistor R126 in the source 

of transistor J31 and load resistor RL in 

the drain of device J27. For modeling 

purposes, source resistor RS is used to 

connect to the gate of transistor J31. The 

signal at the source of J31 consists of an 

attenuated version of VIN plus random 

noise and harmonic distortion. 

Resistors R129 and R139 form a 

broadband 50-Ω voltage divider, with 

the output of R129/(R129 + R139) = 

1/gm + R126, where gm is the trans-

conductance of J31. The output of the 

voltage divider is connected to resistor 

R135, one of the input resistors at the 

positive input port of the error ampli-

fier. This amplifier, X38, is a high-speed 

op amp with ultralow 1/f noise. It has 

gain of 6, which is set by the ratio of resis-

tor R136 to R134 and the ratio of resistor 

R137 to R135.

This novel pHEMT LNA design combines low-frequency and high-frequency circuit 

techniques to achieve extremely low noise levels over a wide frequency range. 

Low-Noise Amplifier 
Spans DC to 17 GHz

Mark Scott Logue | Engineer 
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1. This schematic diagram shows the architecture of the broadband, low-noise amplifier.

50 march 2017   MicrowAvEs & rF



TransconducTance

Bipolar transistor Q8 forms a low-noise transconductance 

amplifier that drives the source of the common gate of tran-

sistor J27 in the cascode. The voltage of the differential error 

amplifier is applied to the transconductance amplifier to 

develop an error current that is summed at the source of 

transistor J27. Passive components L18, C16, and R141 pro-

vide isolation for the transconductance amplifier from the 

cascode, as well as produce a 100-

Ω termination at high frequencies 

for the error amplifier. The trans-

conductance of the error amplifier 

is set to a first-order value of 14.12 

mmho, or 1/70.8 Ω. This is referred 

to as RGAIN. Inductor L18 has a 

very high resonant frequency, in the 

gigahertz range, and provides isola-

tion between the cascode and error 

amplifier.

In the LNA, Q11 is a bipolar tran-

sistor current source that provides 

an offset dc current to the summing 

node of the error amplifier, with 

the offset current set by resistor R155 

and a dc supply of +9.5 V dc, VOFF-

SET2. Capacitor C21 provides a high-

frequency ac ground to the emitter 

of Q11, and resistor R156 provides a 

high-frequency 50-Ω termination to 

the base of Q11.

Node VREF contains an attenu-

ated signal, VIN, at the gate of J31, 

which serves as the reference signal 

for the error amplifier. The second 
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2. The test fixture for evaluating the low-noise amplifier is represented in this schematic diagram.
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4. This plot shows the output RMS noise voltage versus 

frequency. 

Frequency (MHz)

0.
1

(1
0

5  H
z) 1.
0

10
.0

10
0.

0

10
00

.0

10
,0

00
.0

10
0,

00
0.

0

Vo
lta

ge
 g

ai
n 

(d
B)

8

9

10

11

12

13

14

Bandwidth = 17.9 GHzBandwidth = 17.9 GHz

51Go To mwrf.com

http://mwrf.com


Low-Noise Amplifier

input signal to the error amplifier is from the emitter of J31, which 

contains an attenuated version of VIN plus an error signal. The 

error term consists of harmonic distortion plus random noise. 

The output of the error amplifier is the error term multiplied 

by the amplifier’s gain of 6. This output is then passed through a 

transconductance amplifier with gain of 14.2 mmho, which con-

verts the signal to an error signal current that is summed into the 

source of transistor J27.

TesTiNg The ProToTyPe 

A test board fixture was assembled (Fig. 2) to evaluate the pro-

totype LNA circuit. The load resistor for the cascode was split 

into two resistors, providing a pickoff of the signal output of the 

cascode. A number of different measurements were performed 

to characterize the amplifier for its wideband performance. For 

example, Fig. 3 shows voltage gain as a function of frequency, with 

the marker indicating a usable bandwidth of 17.9 GHz.

Figure 4 plots the output noise of the LNA from 1 Hz to 10 GHz. 

The peak 1/f noise of 40 nV RMS occurs at the lowest frequency, 1 

Hz. The output noise drops to 22 nV RMS at 10 Hz with the noise 

remaining flat to 1 MHz. A second peak in the output noise level, 

at about 33 nV RMS, occurs at 30 MHz. Output noise drops to 4.1 

nV RMS at 5 GHz. 

Figure 5 illustrates a plot of the input voltage step at node 52, 

with impressive 90%-to-10% fall time of 22 ps. Figure 6 is a plot 

of the output voltage at node VOUT. The step appears to be a 

dominant pole response, with an output step of less than 30 ps. 

The output has no ringing and no aberrations appearing 50 ps 

after the step. 

Figure 7 shows second- and third-harmonic distortion as a func-

tion of frequency for a peak input of 100 mV. Second-harmonic 

distortion is –86.54 dBc at 1 kHz, remaining flat to about 10 kHz. 

The first peak in the second-harmonic distortion curve occurs at 

–63.1 dBc, remaining flat to about 10 MHz. The second peak in 

the second-harmonic distortion curve occurs at about –50.6 dBc 

at 100 MHz, with second-harmonic distortion remaining at about 

that level to about 8 GHz. Third-harmonic distortion is below 

–82.2 dBc from 1 kHz to 8 GHz.  

Figure 8 plots second-harmonic distortion in dB as a function 

of LNA output-power level, for input signals of 100 kHz, 1 MHz, 

and 1 GHz. For an output level of –13 dB, for example, the second-

harmonic distortion is about –82.0 dB at 100 kHz, –63.7 dB at 1 

MHz, and –50.7 dB at 1 GHz. For an output level of +5 dB, the 

second-harmonic distortion increases to –61.9 dB at 100 kHz, 

–44.7 dB at 1 MHz, and –31.0 dB at 1 GHz. 

The novel amplifier delivers impressive noise performance over 

an extremely wide bandwidth, making it suitable for receivers and 

other applications from audio through microwave frequencies. 

The integral error amplifier helps minimize noise, and E-pHEMT 

active devices enable consistent gain to beyond 17 GHz. The pat-

ented design is usable down to dc with stable and consistent gain 

and noise performance. 
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Input: 100 mV peak

7. Using a peak input of 100 mV, these are the calculated second- 

and third-order harmonic responses of the broadband, low-noise 

amplifier.
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–69.5

–61.9

1-GHz input

–50.7
–44.6

–38.4
–31

1-MHz input

–63.7
–57.7

–51.5
–44.7

100-kHz input
–82

–75.8
–69.5

–61.9

8. These second-harmonic responses were calculated for differ-

ent output voltages at frequencies of 100 kHz, 1 MHz, and 1 GHz.
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Design Feature

By leveraging advanced software, accurate results were obtained in the design and 

testing of a comb generator.

Designing a  

Step-Recovery- 
Diode-Based  
Comb Generator

T
he task of designing frequency multipliers and 

comb generators has traditionally been plagued by 

challenges such as low output power, unexpected 

parasitic frequencies, and oscillations. Computer-

aided-design (CAD) software can overcome these problems, 

though. The purpose of this work is to predict the behavior 

of a nonlinear step-recovery diode (SRD) in a harmonic-

generator circuit. By doing so, one can achieve high correla-

tion between simulation results and measured data.  

A post-processing display of the harmonically rich output 

frequency spectrum was produced with Microwave Office 

software. Output harmonics and their respective magnitudes 

were graphically displayed for a given single input frequency. 

Furthermore, the output waveform on a time scale was close-

ly examined.

CirCuit Design

Microwave Office software was used to design a complete 

comb circuit and fabricate several circuits. The test results 

fully agree with the computer-predicted output spectrum. 

The output power of each harmonic was measured, demon-

strating agreement with the simulated results. The output 

spectrum displays 12 harmonics with no spurious frequen-

cies or oscillations.

The SRD was selected for this design due to its nonlinear 

properties and ability to attain good higher-order frequency 

multiplication and fast pulse generation. It takes advantage 

of its diffusion capacitance for charge storage, resulting in a 

fast snap time. This design employs an input lowpass filter to 

provide an impedance match to the diode. 

While most multipliers utilize an output “ringer” bandpass 

filter to suppress the undesired harmonics, this design exploits 

all of the generated harmonics—a wide range is required. This 

simplifies the design considerably, making it low cost and easy 

to manufacture. 

 The nonlinear behavior is described in the diode model 

provided by the Microwave Office component models list. The 

model properties are manually set to the appropriate values 

consistent with the published Metelics (now MACOM) diode 

that was selected for this design.

DioDe ProPerties

Multiplier (and comb generator) circuits are reactively 

terminated at the higher-order harmonics at the output port. 

Consequently, the power is partially reflected and recombined 

to produce stronger harmonics. The damping factor of the 

SRD is one of the primary drivers in frequency-multiplier or 

comb-generator design. It is defined as follows:

ϛ = (1/2RL)(L/Cd )1/2

where L is the diode’s inductance, Cd is the diode’s reverse 

capacitance, and RL is the load resistance.

A good practical range for the damping factor (ϛ) is between 

0.4 and 0.5. If damping is too low, stability problems can arise. 

If it is too high, the output pulse will become too long.

Kimberly renee AlvArez | Consultant; www.microwaveandrfconsulting.com

(Continued on page 70)
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Design Feature
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M
odern communications rely on many 

separate frequency bands, but can also 

be conducted at low power levels across 

the single ultrawideband (UWB) range 

of frequencies from 3.1 to 10.6 GHz. To serve those applica-

tions, an UWB bandpass filter (BPF) was designed using 

metamaterials and composite-right-left-handed (CRLH) 

transmission lines. 

The UWB filter, with a passband from 3.1 to 10.6 GHz, is 

based on a modified microstrip stepped-impedance-resona-

tor (SIR) filter. Metamaterial transmission lines replace the 

microstrip SIR, with the metamaterial section designed with 

one CRLH unit cell. The filter design is only 23.4 × 20 mm2. 

Using this approach increases the possible number of transmis-

sion poles from three in a conventional microstrip design to six 

in this CRLH design. 

The U.S. Federal Communications Commission (FCC) 

approved the use of 3.1 to 10.6 GHz and fractional bandwidths 

for indoor/outdoor data communications systems, according 

to certain provisions.1 One of the key components for these 

systems is a BPF with extremely wide passband.2-4

A variety of approaches were attempted to cover the neces-

sary bandwidth, including cascading bandpass and bandstop 

filters.5,6 This was accomplished by cascading ring resona-

tors and short-circuit stubs, although the result is physically 

large. UWB filters have also been designed by combining 

BPFs and lowpass filters (LPFs) in a single design to save 

space.7 The tradeoff is that these filter types lack sharp band-

stop attenuation. 

Hybrid designs with transitions between different trans-

mission lines, such as microstrip and coplanar waveguide 

(CPW), have also been tried, although they can be difficult to 

fabricate.8,9 Use of short-circuited stubs has been suggested for 

UWB filters as a way to achieve high selectivity.10,11

Multimode resonators (MMRs) also were employed in 

UWB filter designs.12-15 The approach is based on generating 

Metamaterials Sculpt 
UWB Bandpass Filter
By combining left- and right-handed transmission lines with conventional microstrip 

circuitry, it is possible to achieve a wide passband for an UWB bandpass filter. 

1. The layout for a two-section SIR filter (a) is shown alongside the layout for a CRLH unit cell (b), 

with Lstub = 10 mm, Lc = 4 mm, and Wstub = 1 mm. 

(a)

(b)

2θ1

θ2θ2

Z1 Z2Z2

wstub

Lc
Lstub

via
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multiple resonant modes (transmission poles) with the UWB 

passband. To reduce filter size, a stub-loaded MMR design 

technique was suggested.15-17 Tight coupling can be used 

at the input and output ports of an UWB filter to generate 

additional transmission poles.18-23 The tradeoff in all designs 

is good selectivity for small size, with selectivity sacrificed to 

achieve miniaturization. For smaller filters, SIRs have been 

used to design UWB circuits.24-26

What’s the Line on CrLh?

CRLH metamaterial transmission lines are characterized by 

nonlinear phase shifts, which can be leveraged to reduce the 

size of many microwave circuits, including filters.27 A CRLH 

transmission line has a nonlinear, positive/negative frequen-

cy-dependent phase response, which has been employed in 

a number of different compact BPF designs.28-33 The CRLH 

approach has led to a number of highly selective, while still 

compact, UWB filters.34-40

Increasing the number of transmission poles through the use 

of a CRLH unit cell made it possible to design an UWB BPF 

with good selectivity and relatively small size. The filter design 

is performed in two steps. The first step involves the design of a 

conventional, two-stage SIR BPF (Fig. 1a), and the second step 

is modifying the filter by adding a CRLH unit cell (Fig. 1b). 

In the first step, the conventional two-stage SIT BPF cir-

cuitry is implemented on RT/duroid 6010 circuit material from 

Rogers Corp. (www.rogerscorp.com). The circuit laminate is a 

ceramic/PTFE composite material with a high dielectric con-

stant (Dk) of 10.2 for miniaturization of transmission lines and 

circuit dimensions for a given characteristic impedance. The 

filter was fabricated on material with thickness, h, of 0.625 mm. 

The SIR BPF was realized using two cascaded transmission 

lines having different impedances, Z1 and Z2, and different elec-

trical lengths, θ1 and θ2, respectively. The characteristic imped-

ances of the transmission lines are Z1 = 20 Ω and Z2 = 32 Ω. 

The length, L, of each section is identical, at 3.8 mm. The input 

impedance of the SIR filter, Yi, can be expressed by means of 

Equation 1 in terms of the ratio of the two impedances, k = Z2/

Z1 with electrical length, θ = θ1 = θ2: 

Yi = (jY2)[2(1+ k)(k – tan2 θ)tan θ]/[(k – 2)(1 + k + k2) 

(tan θ)]    (1)

The conventional SIR filter design achieves zero input 

admittance (Yi = 0) at 4.5 GHz, 7 GHz, 9.25 GHz, and 13.4 

GHz. These frequencies were selected to be at the start, center, 

and stop of the UWB bandwidth. Hence, the filter structure 

has corresponding resonances at θ0 = 52 deg.; θs1 = deg.; θs2 = 

127 deg.; and θs3 = 180 deg. at 4.5 GHz, 7 GHz, 9.25 GHz, and 

13.4 GHz, respectively.

Computer simulations were performed on circuit models 

of the two-stage SIR filter using commercial electromag-

netic (EM) simulation software. Figure 2 shows scattering (S) 

parameters of magnitude from those simulations. The compu-

tations reveal a bandpass response within the frequency range 

from 3.1 to 10.6 GHz, but the filter also has poor attenuation 

rolloff at the lower and upper cutoff frequencies. It can be seen 

that the two-stage SIR filter has three transmission poles in the 

passband, at 4.5, 7.0, and 9.25 GHz. 

The second step in the filter design involves replacing the 

20-Ω transmission line with a 20-Ω CRLH metamaterial unit 

cell (Fig. 1b). The unit cell contains a left-handed (LH) section 

that is designed with two series interdigital capacitors and two 

shunt stub inductors. A small section of a right-handed (RH) 

microstrip transmission line with 20-Ω impedance is placed 

next to the LH section. 

Figure 3 illustrates an equivalent circuit of the CRLH 

transmission line. The values for the optimized interdigital 

capacitor and stub inductor are as shown in Fig. 1b. The 

CRLH transmission line was designed as a balanced con-

figuration, with LH and RH sections maintaining identical 

characteristic impedances. The characteristic impedance 

(ZCRLH) and the transmission phase shift (ϕCRLH) of this bal-

anced CRLH transmission line are expressed by Equations 2 

and 3 (ref. 9): 

ZCRLH = ZRH = (LR/CR)0.5 = ZLH = (LL/CL)0.5    (2) 

ϕCRLH = 1/ω(CLLL)0.5 – ω(CRLR)0.5    (3)

2. The plots trace simulated S-parameters for the magnitude 

responses of a conventional two-section SIR UWB filter. 
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UWB Bandpass Filter

Realizing Design goals

The first design objective of the CRLH transmission-line 

section is to achieve a balanced 20-Ω line for all desired fre-

quency bands. A second objective was the optimization of 

the LH and RH phases to satisfy the resonant conditions and 

create more poles within the UWB frequency range. Essen-

tially, this means meeting the following conditions within the 

filter’s passband: at θ0 = 52 deg.; θs1=90 deg.; θs2=127 deg.; and 

θs3=180 deg. By controlling the nonlinear phase shift in the 

LH passband, more than three frequencies would satisfy these 

phases within the UWB passband.

To meet these design goals, the 20-Ω CRLH transmission 

line was designed such that the LH lower cutoff frequency 

was 3 GHz, the RH upper cutoff frequency was 11 GHz, and 

the transition point between the LH and RH passbands is at 8 

GHz. The transition frequency was selected to help in control-

ling a nonlinear slow phase shift in the LH passband and to 

achieve better resonant conditions.

Following an optimization process, the magnitude (inser-

tion loss) and phase of the UWB BPF were simulated with 

commercial EM software (Fig. 4). Due to the phase behavior of 

the CRLH transmission line, it can be seen that a phase condi-

tion of 90 deg. was satisfied twice within the UWB passband at 

two resonant frequencies: 3.1 and 7.0 GHz. A phase of –52 deg. 

was also repeated twice at two resonant frequencies within the 

passband, at 4.5 and 9.2 GHz. A phase of 180 deg. was repeated 

within the passband at 6.0 and 10.3 GHz. From these phase 

values, it can be claimed from the LH phase of this CRLH 

transmission-line section that integrating a conventional SIR 

filter circuit will increase the number of transmission poles.

The final UWB filter was fabricated on 0.625-mm-thick RT 

duroid circuit material with 50-Ω microstrip feed line. Fig. 

5a shows the filter layout, with the fabricated filter shown in 

Fig. 5b. The fabricated filter measures 23.4 × 20 mm2. Some 

optimization was performed when cascading the CRLH trans-

mission line with the 30-Ω transmission line in the SIR filter 

circuit, with the final optimized length of line segment Lc

being 4.2 mm.

Figure 6 shows the measured and simulated S-parameters 

for the filter. Good agreement was found between the simu-

lated and measured insertion loss, around 0.5 to 1.0 dB within 

the frequency range from 4.2 to 10.6 GHz. At lower passband 

frequencies, however, the insertion loss was only about 4 dB 

from 3.1 to 4.2 GHz. This is due to the difficulty in meeting the 

CRLH transmission-line impedance criteria for the six phase 

requirements of the full UWB bandwidth.

The filter design is intended to have six poles from 3.1 to 

10.6 GHz, and the simulations indicate that transmission poles 

can be found at resonant frequencies of 3.1, 4.5, 6.5, 9.2, 10.2, 

and 10.5 GHz. The measured return loss shows only five trans-

mission poles, but those results are slightly shifted due to the 

challenges of the circuit fabrication process.
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4. These plots show the simulated transmission magnitude and 

phase coefficients of the CRLH transmission line. 
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5. Shown are a two-dimensional layout of the UWB BPF (a) and 

a photograph of the fabricated CRLH SIR UWB filter (b). 
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6. These plots compare S-parameter magnitudes of simulated 

and measured responses for the CRLH UWB SIR filter. 
(Continued on page 62) 
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UWB Bandpass Filter

 Figure 7 shows the simulated and measured group delay 

of the UWB filter. The simulated results demonstrate that 

the filter has almost constant group delay of 0.35 ns, with 

maximum variation of less than 0.1 ns within the passband. 

However, the group-delay variations increase from that 0.1-

ns value, from 3.1 to 4.5 GHz and from 10.0 to 10.6 GHz. The 

measured results reveal that the group-delay variations are 0.2 

ns from 4.5 to 10.0 GHz, and increased to about 0.5 ns from 

3.0 to 4.5 GHz.

The overall technique of using CRLH metamaterials and 

substituting LH and RH transmission lines for conventional 

microstrip transmission lines shows great promise in this 

UWB filter design. However, fabrication and manufacturing 

processes must be refined to gain the full benefits of the design 

approach. Still, the fairly close agreement between computer 

simulations and measurements reveals the potential of apply-

ing this transmission-line technique to other circuit designs 

that require extremely broadband impedance matching. 
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Frequency (GHz)
3 5 7 9 11

G
ro

up
 d

el
ay

 (
s)

3 × 10–9

2 × 10–9

1 × 10–9

0

7. This plot traces the group delay of CRLH UWB SIR filter.

(Continued from page 58)

T
he overall technique of using CRLH metamaterials and 

substituting LH and RH transmission lines for conventional 

microstrip transmission lines shows great promise in this UWB  

filter design.
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Jack Browne | Technical Contributor

What’s the Difference Between 

Optical and Wireless 
Communications?
Wireless and optical communications technologies are often found on the same 

cellular communications tower, supporting modern communications using different 

wavelengths. 

C
ommunications have relied on signals propagat-

ing through the air from the earliest drumbeats. 

Wireless communications technologies make 

effective use of that signal transport medium 

even as the appetite for more and faster voice, video, and data 

grows. Still, light has been another long-time form of com-

munications, literally “as far as the eye could see,” and optical 

communications has advanced at a pace equal to or exceeding 

the evolution of wireless communications. The technologies 

are much different, but each has its place, its strengths, and its 

weaknesses.

Wireless communications relies on the transmission and 

reception of RF/microwave signals modulated with the infor-

mation to be carried while optical communications uses mod-

ulated light beamed through fiber-optic cables. For a fair 

comparison of the technologies, fixed wireless systems will be 

compared to optical communications systems because of the 

lack of mobility for optical links. 

In the case of fixed wireless communications, the infra-

structure is installed in discrete locations, with line-of-sight 

(LOS) paths between the locations so that radio waves can 

propagate through the atmosphere without obstructions. A 

typical example is the collection of cellular communications 

antennas and their towers found on hills or high points in the 

terrain, often along roadways. Signals from multiple individ-

ual fixed wireless links are routed through relay stations that 

join multiple connected wireless links for nearly instantaneous 

wireless communications across long distances. 

Laying Fiber

The infrastructure of an optical communications system, on 

the other hand, is distributed from one communications loca-

tion to another. Fiber-optic cables must be installed from one 

point to the next to enable optical communications. The qual-

ity of those cables is important to the performance of an opti-

cal communications system, as is the integrity of the splices 

between sections of optical cable. Whereas a fixed microwave 

link sends information through the air between two points, 

a fiber-optic link depends upon these cables, which must be 

installed with care and then maintained over time, since they 

can deteriorate and wear out. Business models for laying fiber-

optic cables typically assume a 50-year lifespan for the capital 

investment of installing the optical network equipment, which 

may also include links to individual subscribers, known as 

fiber-to-the-hole (FTTH) optical communications. 

Although the speed of light through a vacuum is well known 

(186,000 miles/s), light slows down when it is not in a vacuum 

(such as outer space). It can slow down significantly when it 

travels through a medium such as the glass or plastic fibers used 

in optical cables. While fixed wireless systems are designed for 

LOS links between transmitter and receiver, optical commu-

nications systems typically do not have the luxury of a straight 

What’s the Difference?

1. Wireless communications systems are clearly visible by their 

tower-mounted antennas pointed in the direction of a wireless link’s 

other terminal. (Courtesy of Stephouse Networks)
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path and must often wind around corners through a city or in 

an office building for their signal paths. As with light reflecting 

off walls around a corner, every bend in the cable decreases the 

speed of the light propagating through that cable. 

As a result, in terms of pure communications speed, fixed 

wireless links typically provide faster connections than opti-

cal links. The connection speed is usually measured in terms 

of a system’s latency, which is essentially the time required to 

receive and respond to a signal. The latency of a fiber-optic 

system is typically longer than that of a fixed wireless link for 

the same distance, and increases significantly with increases in 

link distance compared to a fixed wireless link. 

Bring the BanDWiDth

Perhaps the key differentiator between fixed wireless links 

and optical communications systems is in bandwidth. Fiber-

optic cables are capable of supporting almost unlimited band-

width, which translates to Gb/s data rates. Fixed wireless 

links (and all wireless systems), since they are sending signals 

through free space rather than through an optical fiber or other 

confined medium, operate within fixed segments of frequency 

spectrum that must be licensed for different applications to 

avoid interference from too many signals within the same fre-

quency range in the same location. 

The bandwidth of an optical fiber is potentially as wide as 

the optical portion of the electromagnetic (EM) spectrum, or 

about 10 THz or more. Of course, to take advantage of such 

bandwidth, a transmitter and receiver are needed at both ends 

of a link. While the components for an optical transmitter, 

such as a light-emitting diode (LED) or laser transmitter, and a 

photodiode-based receiver are fairly common and low in cost, 

the data speeds of systems using these components is still lim-

ited to the low Gb/s range rather than the Tb/s range. 

Because of the enormous bandwidth available using fiber-

optic cables, they are often used to route signals from fixed and 

mobile wireless base stations to their carrier’s signal switching 

stations for making interconnections to customers. Fiber-optic 

cables have replaced metal cables in many fixed communica-

tions installations, such as in warehouses and office buildings, 

and serve as communications backbones in many types of wire-

less communications systems, including in base stations for the 

latest 4G LTE mobile wireless communications systems. Likely, 

optical communications links will serve similar functions in 

emerging 5G mobile wireless communications systems. 

Similar to the way that frequency bandwidths are divided in 

wireless systems using frequency division multiplex (FDM), 

optical communications systems use forms of wavelength 

division multiplexing (WDM) to increase capacity over opti-

cal fiber lines by using different wavelengths through the cable 

for different carriers. The two chief WDM methods currently 

in use in optical communications systems are dense WDM 

(DWDM) and coarse WDM (CWDM), which has less wave-

length channels with wider spacing than DWDM. The result 

is lower data rates, but CWDM systems can be implemented 

with lower-cost components without the need for the stabil-

ity and precision required by the closely spaced carriers in 

DWDM optical communications systems. 

Because they send signals through free space rather than 

through a “captive” propagation medium such as an optical 

cable, wireless communications systems are licensed for their 

use of frequency bandwidth to avoid congestion within one 

band. As it is, some bands become overcrowded, such as 2.45 

GHz, because of the low cost of implementing hardware at 

that frequency compared to higher frequencies. Licensing of 

frequency spectra by different agencies, such as the FCC, is 

meant to organize different wireless applications, including 

communications systems, into different bands. 

Just as some optical energy is lost as a function of distance 

through an optical cable, some EM energy is lost by micro-

wave signals propagating through the atmosphere, with loss 

increasing as a function of distance and increasing frequency. 

As a result, while bandwidth is available for wireless commu-

nications at millimeter-wave frequencies and even as high as 

THz frequencies, the practical range of any wireless communi-

cations system based on such high frequencies will be limited, 

with THz communications limited to the near fields of the 

antennas, essentially within the same room. 

As for in-building use, most office buildings function by 

means of Wi-Fi wireless communications, although fiber-

optic networks have a place because of a key advantage over 

wireless communications technology: they are immune to the 

effects of electromagnetic interference (EMI). For that reason, 

and because of the difficulty of “eavesdropping” on a fiber-

optic network, optical communications systems are often used 

as the communications backbone for surveillance systems in 

buildings. For the difficulty of installing a fiber-optic network, 

it has its rewards of amazing bandwidth and robustness. 

2. These fiber-optic cables include members of a high-performance 

ARINC 801 fiber-optic connector series capable of data transmission 

speeds of 10 Gb/s and higher.  (Courtesy of ITT Cannon)
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Chris DeMartino | Technical Writer

What’s the Difference?

Whether coming from your pocket or from up in the stratosphere, massive amounts of 

data are on the move at all times, and the ubiquitous transmitter makes it all happen. 

The Differences Between 
Transmitter Types, Part 1

A trAnsmitter is no doubt a critical part of any commu-

nications system. Simply put, the purpose of a transmitter is 

to transmit signals that contain some form of information. 

The explosion of mobile communications means that many 

people actually have a transmitter right in their pocket. In 

addition, many people today still listen to AM and FM radio 

stations, which obviously require transmitters in order to 

broadcast programs. Moreover, aircraft, radar systems, and a 

host of other applications depend on transmitters to enable 

communication.

This article, Part 1 of a two-part series, provides a general 

overview of transmitters, including discussion of classical 

AM and FM transmitters. Part 2, which will appear in the 

April issue of Microwaves & RF, will focus on additional 

transmitter implementations, as well as delve into modern 

digital techniques. 

As its name implies, the general purpose of a transmitter 

is to transmit signals. These signals contain information, 

which can be audio, video, or data. In essence, a transmitter 

launches signals into the air via a transmitting antenna. After 

traveling some distance, the transmitted signal eventually 

reaches the receiving antenna of a receiver. The receiver then 

deciphers and processes the information contained in the 

transmitted signal. 

A transmitter’s functionality is achieved through a series 

of steps. First, a carrier signal must be generated. The actual 

information signal then modulates this carrier signal. Thus, 

the information signal is often referred to as the modulating 

signal (it is also occasionally called the message signal). The 

carrier signal essentially “carries” the modulation information. 

Once the carrier signal is modulated, it is amplified to a 

level sufficient to allow for transmission over the required 

distance. The final amplification stage is realized by a power 

amplifier (PA), an important component in any transmitter. 

Once the PA amplifies the signal, it is fed to the transmitter’s 

antenna and subsequently launched.

The PA’s performance depends on the requirements of the 

specific application. Thus, any transmitter has its own spe-

cific power requirements. For example, base-station power 

requirements have been increasing in recent years, with 

power levels expected to be as high as 100 W in the 

future. For AM radio broadcasting, power levels of 

transmitted signals reach the kilowatt range.

Of course, many transmitter implementations 

are possible. Take, for instance, the large number of 

modulation techniques currently being employed. 

However, the process described here can be con-

sidered a very general overview of a transmitter’s 

functionality.

As mentioned, AM and FM broadcasting have 

been exploited for many years. AM and FM modula-

tion are both forms of analog modulation. Nonethe-

less, much of today’s wireless communication takes 

advantage of digital modulation techniques. This 

will be discussed in greater detail in Part 2.

Carrier 
oscillator

Buffer 
amplifier

Driver 
amplifier

Power 
amplifier

Audio 
signal

Audio 
amplifier

Speech 
processing

Driver 
amplifier

Modulation 
amplifier

1. This is a block diagram of a high-level AM transmitter. 
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AM TrAnsMiTTers

AM broadcasting dates back to the early part of the 20th 

Century. In the U.S., AM radio broadcasting utilizes carrier 

frequencies ranging from 540 to 1,700 kHz at 10-kHz inter-

vals. AM extends beyond radio broadcasting—for example, 

aircraft communication also uses AM. 

With AM modulation, the modulating, or audio, signal 

varies the instantaneous amplitude of the carrier signal. In 

effect, the instantaneous value of the carrier signal’s ampli-

tude is determined by the instantaneous amplitude of the 

modulating signal. 

Figure 1 shows a block diagram of an AM transmitter 

implementation.1 This configuration is known as a high-lev-

el AM transmitter. An oscillator generates the carrier signal, 

which is amplified by a buffer amplifier and then again by a 

driver amplifier. The driver amplifier must raise the signal’s 

power level to an amount that is sufficient enough to drive 

the final-stage PA. 

Meanwhile, an audio signal is generated and then ampli-

fied. Once amplified, the audio signal is fed to a speech-

processing circuit to ensure that only the desired frequencies 

are passed. Next, a driver amplifier boosts the signal’s power 

level in order to drive the high-power modulation amplifier. 

The high-power modulation amplifier’s output signal then 

modulates the final-stage PA. Now, the presence of this audio 

signal, as well as the carrier signal driving the input of the PA, 

results in a high-power, AM modulated signal at the PA’s out-

put. This AM signal is then fed to an antenna and launched. 

Eventually, an AM receiver receives the signal, and in turn 

recovers the audio information.

FM TrAnsMiTTers

Like AM, FM radio broad-

casting has been in play for 

many years. In the U.S., FM 

radio broadcasting operates in 

the 88- to 108-MHz frequency 

band. With FM modulation, 

the carrier frequency varies 

in proportion with the ampli-

tude of the modulating sig-

nal. The amount that the fre-

quency varies is known as the 

frequency deviation. For FM 

radio broadcasting in the U.S., 

maximum frequency deviation is ±75 kHz.

Figure 2 shows a block diagram of one possible FM transmit-

ter implementation. This particular transmitter takes advan-

tage of what is known as the indirect method. A crystal oscil-

lator generates the carrier signal, which is then amplified by a 

buffer amplifier before reaching a phase modulator. 

Meanwhile, an audio signal is generated and amplified, and 

subsequently arrives at the phase modulator. The presence of 

both the audio and carrier signals now results in an FM signal 

at the output of the phase modulator. 

In the transmitter shown, the crystal oscillator generates 

the carrier signal at a frequency lower than the final out-

put frequency. Hence, the FM signal must pass through a 

frequency multiplier followed by a mixer and then another 

frequency multiplier. This process takes place so that the 

signal converts to the desired final output frequency while 

also attaining the required frequency deviation. That FM 

signal is amplified by a driver amplifier and then again by 

the PA before being fed to the antenna for transmission. The 

transmitted signal eventually reaches an FM receiver, which 

recovers the information.

Part 2 of this series will discuss other transmitter varieties, 

such as single-sideband (SSB) transmitters. It will also delve 

into the digital techniques used to enable modern wireless 

technology. Unlike AM and FM radio transmitters, a number 

of today’s transmitters actually transmit digitally modulated 

signals. 

RefeRence:
1. Frenzel, Louis E., Principles of Electronic Communication Systems, Fourth 

Edition, McGraw Hill, 2016.
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2. The indirect method is applied in this FM transmitter configuration.

I
n the U.S., AM radio broadcasting utilizes carrier frequencies ranging 

from 540 to 1,700 kHz at 10-kHz intervals. AM extends beyond radio 

broadcasting—for example, aircraft communication also uses AM.
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Comb Generator

Other parameters important in diode selection are reverse 

breakdown voltage (Vb), reverse capacitance (Cd), minority 

carrier lifetime (τn), and transition time (Tt).

In a good multiplier or comb-generator design, Tt should 

always be less than the output pulse length (Tp), defined as:

Tp = π/ωn

where ωn is the input frequency.

The carrier lifetime must be sufficiently large to allow for 

recombination while the diode is charging. A practical guide-

line is:

τn > 10/Fin

where Fin is the input frequency.

The carrier lifetime should also be long enough for the 

reverse current to accumulate a high charge level. Then, when 

forward-biased, an extremely fast “snap” into its high imped-

ance state creates the harmonically rich output.

The diode thermal resistance θjc value is required in order to 

determine the operating diode temperature. The temperature 

rise above the baseplate temperature is:

ΔT = (θjc)(Pin)

DioDe SeleCtion

The MMD 840-C11 diode was selected for this design. Its 

published parameters are:

• Breakdown voltage: 15 V

• Diode capacitance: 0.2 to 0.4 pF

• Carrier lifetime: 15 ns

• Transition time: 35 ps

• Thermal resistance: 60°C/W

A good compromise is achieved among the diode’s param-

eters, making it a good candidate for this application. The 

vendor supplied the detailed Spice property values that were 

entered into the library model.

Comb-Generator CirCuit DeSiGn 

The schematic and circuit layout are shown in Figures 1 

and 2, respectively. All of the circuit elements used in the 

optimization of this design can be seen in the schematic. All 

connecting wires, ground via holes, circuit layout details, and 

material properties were included in the circuit model. The 

inductor manufacturer supplied the Spice parameters used 

for the spiral inductors. The circuit was tuned and optimized 

(Continued from page 54)

1. The comb-generator simulation 

schematic includes all of the circuit 

elements.

2. This is a photo of the assembled comb generator.
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so that all harmonic signals up to the 12th harmonic are 

strong. The circuit was constructed on a 15-mil-thick alu-

mina substrate with a dielectric constant of 9.9.

In terms of simulation, Figure 3 shows the computer-

predicted harmonic signal levels. Figure 4 presents the output 

waveform that displays the “snap” action.

TesTinG

Ten circuits were constructed and measured. The data is 

consistent with the predicted harmonic levels. All of the cir-

cuits functioned immediately upon first-time power “turn-

on.” This was gratifying and is a tribute to the Microwave 

Office software. No time was spent troubleshooting the 

circuits for unexpected problems like instability, i.e., output 

breakups into triangular “Christmas tree” spectrums. Circuit 

performance was stable and tested predictably over a tem-

perature range of –40 to +85°C.

Extensive testing and characterization were performed 

on two circuits, serial numbers 03 and 04. These were both 

measured over a wide range of temperatures: –40, +5, +25, 

+50, and +85°C. In addition, the input power levels ranged 

from +19 to +28 dBm. Ambient temperature testing was per-

formed on the remaining eight circuits. 

The circuits were then transitioned into production. The 

test data of all circuits is consistent with the data presented in 

this article. Figure 5 presents graphical data of the measured 

comb-generator circuit (serial number 04).

ConClusion

A comb generator was successfully created using nonlinear 

simulation techniques. The implemented topology supported 

the creation of multiple harmonics from a single diode. The 

measured results are in close correlation with the simulated 

values. Several comb generator circuits were fabricated during 

the design phase. 

Consistency among each of the circuits valid=ated the 

design’s robustness. Thus, the usage of the Microwave Office 

nonlinear simulation software resulted in a comb-generator 

circuit design that accurately predicted 12 harmonics. 
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Design Feature

The latest synthesis and optimization tools offer dynamic, less complex approaches to 

designing RFID tag antennas.

Create Robust UHF 
RFID Tag Antennas 
on Dielectric Substrates

U
l t ra-high-f requenc y 

(UHF) radio-frequency 

identification (RFID) 

tag antennas, common-

ly used for inventory and tracking, need 

to be inexpensive, compact, and robust 

for the environment in which they will 

be installed. New antenna synthesis 

tools have proven very effective in the 

design of antennas for a wide variety of 

applications. Now these tools are being 

applied to overcome the challenges of 

designing RFID tag antennas.  

This article describes how the AntSyn antenna synthesis 

and optimization tool, along with the NI AWR Design Envi-

ronment, are employed to combat these challenges. It also 

presents an example RFID tag antenna that was created with 

this technology.

RFID Tag anTenna DesIgn Issues

The design and integration of RFID tag antennas in the real 

world can be difficult when trying to make them environmen-

tally immune to the mounting platform. This is especially the 

case when installing them over a dielectric, as the underlying 

dielectric properties are likely to be highly variable. A single 

tag design may be used, for instance, on cardboard, drywall, 

plastic, fiberglass, wood, or other dielectrics1 (Fig. 1).  

Designing a broadband response is a common approach to 

ensuring that antenna performance is maintained over a vari-

ety of dielectric substrates, each of which will shift the reso-

nant frequency.2-4 However, to support integration on a wide 

variety of objects while reducing costs, RFID tag antennas also 

need to be compact. Unfortunately, when an antenna is made 

smaller compared to wavelength, the bandwidth narrows,5

and thus becomes much more sensitive and difficult to design. 

In addition, while antennas are usually designed to match a 

real (typically 50 Ω) standard line impedance, the RFID chips 

themselves are generally not 50-Ω devices and have reactive 

impedances. A typical value for a chip impedance might be 

16 – j148 Ω.2

To minimize reflection losses, it is desirable to directly 

design the antenna impedance to be a conjugate match of 

the RFID chip’s complex impedance. Therefore, a match-

ing network will not be necessary. Direct antenna-to-chip 

matching will significantly decrease the cost and complex-

ity, as well as improve the overall reliability. However, this 

non-standard impedance matching makes the design chal-

lenge even more complex.

Derek S. LinDen | Director of Technology, AWR Group, NI

Jennifer rayno | Senior Development Engineer, AWR Group, NI

www.awrcorp.com

Cardboard
Plastic

Wood

RFID tag

1. A UHF RFID tag can be applied to a variety of materials, which emphasizes the need for 

a robust design.
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RFID Tag Antennas 

The various approaches2-4 used in prior research to meet 

the challenges associated with designing RFID tag antennas 

have employed human-in-the-loop engineering methods. 

Designing and optimizing such antennas by hand is a time-

consuming and difficult process, and electromagnetic (EM) 

tools generally offer limited ability to explore the design 

space beyond modest tweaking of the antenna’s geometry 

through parameterization. Furthermore, limited design 

space optimization is particularly restrictive when making 

an environmentally robust antenna.  

AntSyn antenna synthesis software, on the other hand, has 

proven its effectiveness at efficiently creating many differ-

ent types of antennas,6,7 and is now being used to overcome 

RFID tag antenna design issues. It supports the simultaneous 

optimization of RFID antennas directly to chip impedance 

on an array of user-specified dielectric substrates. 

AuTomATeD SynTheSIS DeSIgn AppRoAch

AntSyn software uses evolutionary algorithms (EAs), a 

programmatic method that leverages EM simulations to 

efficiently explore the design space and automatically locate 

high-performance design options. Users are able to enter 

RF and form-factor specifications such as bands, patterns, 

efficiency, geometry constraints, and more. It maintains a 

library of design templates and takes advantage of a full-

wave 3D EM simulation8 solution to obtain performance 

information on candidate designs. Advanced algorithms are 

employed to select and create antennas that are optimized to 

meet user requirements. 

The AntSyn band control option enables the user to select 

many different performance criteria generally related to fre-

quency bands, such as start and stop frequencies, pattern 

requirements, polarization, and cross-polarization levels. Ant-

Syn also makes it possible to specify a complex input impedance 

and multiple dielectric properties to be 

simultaneously optimized for the speci-

fied frequency band (Fig. 2). During opti-

mization, antenna performance is evalu-

ated on each of the specified dielectrics.

Another antenna type in the Ant-

Syn library enables environmentally 

immune design, using a generic XY-

mesh type antenna. The antenna is 

a single-layer, connected XY-mesh 

design on a dielectric substrate. Since 

the substrate is utilized to simulate the 

surface on which the RFID antenna 

will be installed, it provides fixed user-

specified dimensions relative to the 

antenna rather than being optimized 

as part of the antenna. Antenna dimen-

sions are limited by the user-specified 

geometry control.

RFID ApplIcATIon exAmple

AntSyn was used to synthesize an 

RFID tag antenna matched to four 

dielectric substrates and a complex chip 

impedance. The specifications shown 

in Fig. 2 were applied, in addition to the 

following “box” geometry limits:  X = 4 

in., Y = 1 in., and Z = 0.25 in. A 2-mm 

(a)

(b)

2. Users can specify complex port impedance (a) and dielectric prop-

erties for the desired frequency band (b).
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substrate thickness was used, as in Ref. 2. It took only a few 

minutes to set up the specifications, and then the run was exe-

cuted. Edging of the mesh was used to increase the accuracy of 

the simulation at the expense of a longer simulation run time. 

The resulting antenna design features a single metallic layer 

(gold) on a dielectric (green) (Fig. 3). The red dot indicates the 

chip position. The antenna dimensions are 100.5 × 9.6 mm 

(3.96 × 0.38 in.), while the overall substrate measures 167.1 × 

76.1 × 2 mm.

The input impedance and return loss (matching of the 

conjugate antenna impedance to the chip impedance) for this 

antenna are shown in Figure 4. According to Ref. 2, a coupling 

of –2 dB appears to be acceptable; the synthesized antenna is 

well below this specification over the desired frequency band 

of 902 to 928 MHz. 

ConClusIon

Thanks to new capabilities in antenna synthesis tools, such 

as AntSyn, antenna designers can successfully and efficiently 

overcome challenges in designing RFID tag antennas and 

meet requirements for low cost, small footprint, and robust-

ness to the installation environment. 

The example provided in this article illustrates that it is pos-

sible to automatically synthesize a compact antenna that works 

on multiple substrates and directly matches chip impedance. 

These new tools can be used for many other applications 

3. These images represent the RFID tag antenna design, which fea-

tures a single gold layer on a dielectric.
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RFID Tag Antennas 

beyond RFID antenna design, such as to increase yield for 

antennas that are sensitive to dielectrics or for body-worn or 

body-internal antenna design. 
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M
illimeter-wave frequencies have long been essential to defense-relat-

ed applications, well before designers starting applying them to automotive safety 

systems and future cellular network schemes. to develop a broadband receiver 

based on silicon-germanium (siGe) semiconductor process technology, the Defense science 

and technology (Dst) Group within australia’s Department of Defence depended on 

modern computer-aided-engineering 

(cae) design and simulation software 

to help realize a complex circuit and 

layout (see figure). specifically, the Dst 

Group used the analog Office rfic 

design software within the national 

instruments (ni) applied wave 

research (awr) Design environment. 

the siGe receiver was designed for 

use from 24 to 45 GHz, with specific 

performance requirements for noise 

figure, gain flatness, input third-order 

intercept point (iiP3), and image 

rejection across the wide frequency 

range. the software contains a com-

prehensive library of accurate device 

models for use in circuit designs. it also performs electromagnetic (em) simulation and 

optimization to allow users to study the predicted results of different circuit components 

and configurations, even on relatively “exotic” substrate materials such as siGe. 

according to Dst Group designer leigh milner, “analog Office provided the design 

team with a significant advantage. the software’s custom Pcells boosted the capabilities 

of the foundry PDKs, simplifying the siGe design flow by automating the process to lay-

out complex structures over previous manual methods. in addition to saving engineer-

ing time, the new capability helped improve the accuracy of the layouts by eliminating 

potential data-entry errors.” semiconductor foundries rely on process design kits (PDKs) 

to model and simulate different conditions for a semiconductor process, including gate 

structures for active devices. 

USAF 
BUildS
on Human 

interface R&d

R
esearcH On  

thuman interface tech-

nology is leading to an 

improved understanding of 

human behavior, and develop-

ing methods for combatting 

such psychological problems as 

post-traumatic stress disorder 

(PtsD). in support of such 

research, the u.s. air force 

research laboratory (afrl) 

recently awarded contract 

modifications to Ball aerospace 

& technologies corp. 

(www.ball.com) and infoscitex 

corp. (www.infoscitex.com) 

worth a combined $75 million.  

the modifications apply to a  

previously awarded indefinite-

delivery/indefinite-quantity 

(iD/iq) contract for the 

Human interface research and 

technology program. 

the program is focused on 

research in the areas of human 

perception and cognitive tech-

nologies in attempts to improve 

a warfighter’s situational-

awareness and decision-making 

capabilities. the work by both 

companies will be performed 

at wright-Patterson air force 

Base and the Biodynamics lab-

oratory (managed by infoscitex 

for the afrl) in Dayton, Ohio, 

through 2020. n
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EDITORIAL

M
aterials play 

a large part 

in the future 

of electronic circuits and systems, but 

development of new electronic materials 

requires a number of orchestrated efforts. 

A new material must first be “discov-

ered,” typically by researchers who gain 

an understanding of a material’s different 

properties. It must then be manufactured 

in sufficient quantities. 

Users of III-V semiconductor materials, 

such as GaAs, know this to be a painfully 

slow process. It takes a long time before 

wafers of sufficiently large size can be 

produced with adequate device yields per 

wafer to drive down the cost of each device.

Once a material can be produced in 

practical quantities, it must then be put 

to use where its particular properties can 

provide benefits to an application. In the 

“good old days,” this involved building a 

number of amplifier prototypes and then 

making measurements. 

In high-power systems like radar 

transmitters, heat can stop a circuit or 

system dead in its tracks. Whether it is 

a circuit-board material, an adhesive, a 

solder, or a heatsink, thermal stability 

and predictability are essential to the 

long-term health of an electronic design. 

The complexity of measuring an elec-

tronic material’s behavior under different 

power loads and changing thermal con-

ditions can be extremely complex. This 

may explain the current trend of defense 

electronic-system designers reaching for 

simulation software. 

Design engineers have long created 

mathematical models of circuits and 

their associated materials in attempts 

to better understand what will happen 

under different power levels and temper-

atures. Early simulation efforts involved 

“global” thermal models in which differ-

ent operating temperatures were applied 

for the simulation of a design. But such 

models do not accurately predict the 

complex relationship of power and tem-

perature for many designs.

In radar systems, power is not con-

tinuous; it occurs in pulses in very 

transient form. As a result, the heating 

effects occur for an extremely short time, 

followed by a short time of cooling, and 

then another burst of energy and heat. 

The short-term heating effects place tre-

mendous thermal stresses on materials. 

Ultimately, new materials may be the 

future of electronics designs, but they 

will go nowhere without the software. 

Jack Browne, Technical Contributor
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Easy Solder Inspection

Tiny Size
3 x 3 x 1.14 mm high

LTCC Construction
Outstanding Thermal Stability

Hermetically Sealed Nitrogen Filled
100% Tested*

Highly Repeatable
Electrical Performance

CMA

CERAMIC  MMIC AMPLIFIERS

™

*Gross leak only
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S
o-called“suicide bombers,” carrying or wearing hid-

den explosives or weapons as part of terrorist activities, 

have too often thwarted the best intentions of military 

and police forces to stop them. Fortunately, a weapon for bat-

tling such terrorist efforts has been developed by HSS Devel-

opment (www.scintel.com): the latest upgrade of its RDS500 

bomb-detection systems, the remote RDS500 Suicide Bomb 

Detector. This remote-controllable system can detect hidden 

“walk-by” bombs and weapons.  

   The sensor-based RDS500 system (see photo) is an effective 

tool for police, explosive-ordnance-disposal (EOD) teams, and 

counterterrorism units that must deal with attacks by terrorists or 

covert operatives. It can safely scan individuals within range for 

hidden body-warn explosives, covert weapons, or even embed-

ded shrapnel.

The system employs various sensor technologies to detect 

metal objects worn under clothing or in backpacks, such as 

improvised explosive devices (IEDs). The RDS500 system 

can be covertly placed and controlled via its graphical user 

interface (GUI) on a remote PC by means of wired or wireless 

communications link, minimizing operator risk to threats 

from scanned individuals.  

The RDS500 system can 

be contained in discrete 

enclosures—or even built 

into drywall or wall board 

in buildings—for ultimate 

concealment. It operates 

with ac power or a dc sup-

ply from a battery. The 

sensitivity can be user-

adjusted to set the perfor-

mance level as needed for a 

particular operating envi-

ronment and application.  

The RDS500 is the lat-

est version of a system with 

well-established sensor 

technology that provides 

the performance and reliability to combat terrorist activities 

involving hidden bombs and weapons. The firm also supplies 

systems for detection of cellular radio signals and program-

mable bomb jammers, covering a total frequency range of  

20 MHz to 6 GHz with different modules. n

Lockheed Martin Seeks to Speed Satellite Operations  

NEWS SHORTS
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Sensor-Based System   
Detects Hidden Bombs and Weapons

The RDS500 Suicide Bomb Detector 

is a remote-controllable system that 

can detect hidden explosives and 

weapons. 

L
ockheed martin is seeking to increase the speed, 

control, and visibility of several government satellite 

programs being carried out at its Littleton, Colo. Space 

Systems facility. The company is looking to the FactoryLogix 

Manufacturing Execution Software (MES) from Philadel-

phia-based Aegis Software (www.aiscorp.com) for the  

solution. 

The software is a 

good fit for manufac-

turers in aerospace 

and defense applica-

tions areas—in par-

ticular, for mission-

critical applications 

where accessibility of 

real-time factory data 

can help find poten-

tial defects in a product 

and alert operators that 

changes must be made 

even as a design is on the production line. Lockheed Martin 

Space Systems (www.lockheedmartin.com) plans to use the 

software to access details on intelligent digital work instruc-

tions and advanced data analytics, so as to overcome any 

design issues and improve the efficiency of the production 

line by avoiding delays due to defects.

The facility is responsible for building satellites for a 

number of space missions and has a history of exploring 

advanced digital technologies throughout product design 

and manufacturing cycles to improve product quality and 

manufacturing efficiency (see photo). The Digital Tapestry 

approach used by Lockheed Martin Space Systems helps 

identify nonconformance to production-line parameters and 

specifications, resulting in reduced time to market. 

MES is an integrated suite of manufacturing software 

modules—such as NPI, Logistics, and Production—that can be 

used to adapt to different manufacturing environments. They 

can coordinate such functions as aerospace assembly validation, 

scheduling, warehouse maintenance, and even equipment wear 

prediction for efficient management of a production facility. n

The SBIRS GEO Flight 3 is an example of 

the satellites built by Lockheed Martin for 

government programs.  

(Courtesy of Lockheed Martin)

http://www.scintel.com):
http://www.aiscorp.com
http://www.lockheedmartin.com


Test Systems Perform 
Munitions Measurements

T
he MTS-209 Common Armament and the MTS-3060 SmartCan | 

Universal O-Level Armament Test Sets from Marvin Test Solutions (MTS; 

www.MarvinTest.com) were both on display at the recent Aero India 2017 (Air Force Station 

Yelahanka, Bengaluru, India). The systems, which provide aircraft armament and munitions test 

capabilities for characterizing legacy and 

next-generation munitions systems, have 

wide application for global troops.

   “Our test solutions are designed to 

provide commonality across aircraft plat-

forms and serve at all maintenance levels, 

with the goal of making test easy for our 

customers,” explained retired Major Gen-

eral Stephen T. Sargeant, USAF, the CEO 

of MTS and vice president of strategic 

development for The Marvin Group.

The test sets are designed for evaluating 

the performance of modern smart weap-

ons systems meeting MIL-STD-1153 

and MIL-STD-1760 requirements. As 

an example, the MTS-3060 SmartCan 

(see photo) has been recently upgraded 

to support AIM-120 systems, including 

full functional testing of the AMRAAM’s 

1760 interface used on F-16, F-15, F-18, 

and other aircraft. The test system has 

been deployed internationally on two 

F-16 Blocks (15 and 50) and was demon-

strated on the F-15. n

The recently upgraded MTS-

3060 SmartCan test system 

supports AIM-120 systems, 

including full functional testing 

of the AMRAAM’s 1760 inter-

face used on F-16, F-15, F-18, 

and other aircraft.

USAF Looks to UNM  
for Advanced R&D

Go To mwrf.com 83

T
he U.S. Air Force has awarded a 

$7 million-plus contract to the 

University of New Mexico for 

advanced processing of electronics 

components R&D. The contract covers 

work on growing new defect-free semi-

conductor material systems using stan-

dard semiconductor growth techniques. 

Work will be performed in Albuquer-

que, and is expected to be completed by 

2022. The award is part of a competitive 

acquisition process, with the University 

of New Mexico submitting one of four 

offers for the research contract. Kirtland 

Air Force Base, N.M., is the contracting 

activity (FA9453-17-C-0087). n

Cover your bases
with KRYTAR

These principles
form the basis for
the steady growth that has earned
KRYTAR an enviable reputation in
the microwave community.

Cover your bases. Contact
KRYTAR today for more information.

KRYTAR, Inc., founded in
1975, specializes in the design
and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.

Products cover the DC to 67 GHz
frequency range and are designed for
a wide range of applications including:

❏ Test Equipment

❏ Simulation Systems

❏ SATCOM & SOTM

❏ Jammers for Radar & IEDs

❏ Radar Systems

❏ EW: ECM, ECCM & ESM

KRYTAR has a commitment to

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

http://www.MarvinTest.com
http://www.krytar.com
mailto:sales@krytar.com
http://mwrf.com
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T
he first type 1 radar system was produced and installed 

on a fishing trawler in 1947. It would become the first 

type-approved radar of any kind, earning a type-

approval certificate in August 1948. Kelvin Hughes  

(www.kelvinhughes.com), a company with a 250-year history, 

is proud of having produced that navigation radar system 

and achieving a milestone in maritime history. The firm 

has developed radar systems for commercial ships, fishing 

vessels, coast-guard patrol vessels, and warships. 

 One of the significant technology developments by Kelvin 

Hughes in the ensuing years was the 

launch of the SharpEye navigation radar 

in 2006, a fully solid-state electronic 

system that did away with the vacuum-

tube magnetron as the microwave signal 

source. Although magnetrons had 

served well as high-power pulsed RF/

microwave signal sources in a number 

of radar types since those early years, 

the use of solid-state oscillators and 

amplifiers brought a significant reduc-

tion in size, weight, and power con-

sumption, along with a major improve-

ment in reliability. 

In 2010, the firm brought the 

SharpEye technology to Vessel Traffic 

Service (VTS) and coastal surveillance 

applications, the first time that solid-

state technology had been available to 

these markets. 

Most recently, in 2013, the company 

launched the first upmast multipur-

pose navigation radar located in a 

carbon composite housing with low 

radar cross-section (RCS) characteris-

tics. That same year, the company also 

launched the SharpEye SxV system, 

which is a pulse Doppler radar system 

with full 360-deg. coverage of both 

ground surveillance and marine secu-

rity applications. 

Of course, these are just a handful 

of the technology advances that have 

occurred during the rich history of 

radar technology. Solid-state technol-

ogy continues to advance, with semi-

conductor technologies such as gallium 

nitride (GaN) providing higher power 

levels from higher-frequency transis-

tors and integrated circuits (ICs). In 

turn, system designers continue to look 

to improvements in antenna architec-

tures and digital signal processing to 

learn how to make the best use of new 

RF/microwave capabilities. n

Maritime Radar to Celebrate 70th Anniversary
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VCOs & SYNTHESIZERS
THE INDUSTRY’S SOLID SOURCE

Looking for replacement solutions for competitor VCOs & Synthesizers?  

Whether you need a second source for end-of-life parts or you’re working on 
a new design, Mini-Circuits is here to support you with thousands of models 
in stock and decades of design experience. Our VCOs and synthesizers don’t 
just give you industry-leading performance, world-class quality, and fast, easy 
engineer-to-engineer application support whenever you need it. They also give 
you the peace of mind that comes with our promise of reliable product supply 
through the lifetime of your system.

Our engineers will work with you to fnd a solution from our extensive library of 
existing designs or develop a custom design to meet your exact requirements.  
Visit minicircuits.com to explore our catalog, or send your requirements to 

apps@minicircuits.com today!

LIFETIME PRODUCT SUPPORT!

State-of-the-Art Design Capability.  Thousands of Models In Stock.
●

  VCOs from 3 to 7000 MHz

●
  Synthesizers from 56 to 7800 MHz
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●
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in 3 to 4 Weeks

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


march 2017   microwaves & rF86

A
ctive devices for many roads will literally depend 

on millimeter-wave signals for automotive safety. And 

if Fifth-Generation (5G) cellular wireless-communi-

cations networks use millimeter-wave backhaul links for high-

data-rate signal transfers, high-frequency circuit designers will 

see an unprecedented demand for semiconductors capable of 

sending and receiving signals at 60 to 80 GHz and beyond.  

Fortunately, at least one semiconductor foundry is already 

established as a logical starting place for the design and develop-

ment of millimeter-wave discrete devices and integrated circuits 

(ics)—Northrop Grumman’s Microelectronic Products & ser-

vices’ (www.northropgrumman.com/mps) foundry in Redon-

do Beach, calif. While the prime contractor is associated with 

defense systems, the foundry is available to commercial and 

military customers through MPs.  

the Northrop Grumman facility (Fig. 1) is a U.s. department 

of defense (dod) trusted foundry, one that is well-equipped to 

fabricate a number of different high-frequency semiconductor 

technologies. these include devices and circuits on gallium-

arsenide (GaAs), gallium-nitride (GaN), and indium-phosphide 

(inP) wafers. three different processes are available on GaAs, 

based on pseudomorphic high-electron-mobility-transistor 

(pHeMt) active devices. One process is able to fabricate device 

gates with 0.15-µm gate lengths with maximum frequency for 

unity current gain (ft) of 80 GHz and maximum frequency of 

oscillation (fmax) of 200 GHz. 

the other processes (low noise and power) provide 0.10-µm 

gate features with ft of 120 GHz and fmax of 250 GHz. the GaN 

HeMt process is capable of producing high-power devices 

with minimum feature size of 0.20 µm and maximum collector-

emitter and drain-source voltage of 28 v. 

the GaN HeMts feature ft of 60 GHz and fmax of 200 GHz. 

As noted in scores of articles, GaN HeMts have become the 

active device of choice for high-power RF/microwave monolithic 

Foundry Forms 
Semiconductors with  
GaN, GaAs, and InP

product feature

jack browne | Technical Contributor

This versatile semiconductor foundry offers a choice of processes, technologies, and substrate 

materials, with capabilities in digital, power, and millimeter-wave devices and circuits. 

1. The semiconductor foundry operated by Northrop Grumman Corp., 

and accessible through the Microelectronic Products & Services 

group, can fabricate devices in high volume through millimeter-wave 

frequencies on GaN, GaAs, and InP wafers. 

2. The Northrop Grumman semiconductor foundry employs multiple 

MBE reactors for fabrication of fine-featured devices and ICs on three 

different semiconductor substrate materials. 

http://www.northropgrumman.com/mps


product feature
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microwave integrated circuits (MMICs), notably for amplifiers 

and switches. The semiconductor material has the high electron 

velocity needed for high-speed, high-frequency circuits—but 

also much higher power density and breakdown voltage than 

other high-frequency materials, such as GaAs, for building high-

power amplifiers that are small in size. 

The GaN HEMT process technology provides two metal-

interconnection layers, thin-film resis-

tors, metal-insulator-metal (MIM) 

capacitors, air bridges, and backside vias 

for constructing high-power, high-fre-

quency components and circuits. Ampli-

fiers fabricated with the 0.2-µm GaN 

HEMT process have served such applica-

tions as military radar systems. 

The diversified foundry offers four dif-

ferent InP processes: three based on het-

erojunction bipolar transistors (HBTs) 

and the fourth on pHEMTs. A 1-µm InP 

HBT process developed nominally for 

higher-power devices at high frequency 

has ft of 80 GHz and fmax of 150 GHz. 

The other two InP HBT processes are 

nominally geared for high-speed digital 

circuits, such as analog-to-digital con-

verters (ADCs) and digital-to-analog 

converters (DACs), with minimum fea-

ture sizes of 0.8 and 0.6 µm. The former 

has ft of 160 GHz and fmax of 200 GHz, 

while the latter has ft of 250 GHz and fmax

of 300 GHz. The fourth InP process at 

Northrop Grumman’s foundry, based 

on pHEMT active devices, realizes mini-

mum feature size of 0.1 µm and achieves 

ft of 180 GHz and fmax of 350 GHz.

The high performance of the process-

es is achieved with the aid of molecular-

beam epitaxy (MBE) for deposition of 

single-crystal thin films on each wafer 

under high-vacuum conditions (Fig. 2). 

Multiple-wafer MBE reactors enable 

the fabrication of high-purity device 

structures for excellent performance 

at millimeter-wave frequencies, while 

also achieving respectable device yields 

per wafer. 

The foundry staff works closely with 

customers to meet the most challenging 

requirements, providing process design 

kits (PDKs) optimized for specific appli-

cation areas. The PDKs are compatible 

with most commercial simulation soft-

ware tools, including those from Cadence Design Systems (www.

cadence.com), Keysight Technologies (www.keysight.com), and 

National Instruments/AWR (www.ni.com). 

Northrop GrummaN Corp., Microelectronic Products & Ser-

vices (MPS), One Space Park, Redondo Beach, CA 90278; (310) 

814-5000, www.northropgrumman.com

      Whether your application is narrowband, wideband or
ultra-wideband, operating in pulsed or CW mode, CTT’s
power amplifiers are an especially
attractive choice for new multi-function
frequency-agile systems that effectively
conserve weight, space and power
consumption.
      The characteristics of the portion of

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

requirements imposed by many modern system designs,
CTT’s family of GaN and GaAs-based solid-state power
amplifiers excel in a wide range of applications.
      CTT has delivered production quantities of amplifiers

with power levels from 10 through 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.

241 East Java Drive • Sunnyvale • California 94089 
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USA-based thin-film microwave
production facility

GaN and GaAs Solid-State Power Amplifiers
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P
ortable radios for tac-

tical use have made tremen-

dous strides in recent years. 

borrowing from their commercial 

mobile wireless radio counterparts, 

they have added functionality while 

shrinking size and weight. but all 

of that communications capabil-

ity can go to waste without power, 

and the last place to have a tactical 

radio’s battery power run low is on 

the battlefield.   

this may soon be avoidable, how-

ever, with the adoption of energy-

scavenging technologies that can 

transform available rF/microwave 

energy in the operating environment 

to dc power. to give one example, with the technology devel-

oped by radient micro-tech Corp. (www.radientmicro.com), 

the surface of a mobile electronic device—such as a portable 

tactical radio—can be transformed into a second antenna for 

capturing “free” power in the environment. 

Part of radient’s patented solution involves turning the 

surface of a cellular telephone or tactical radio into an energy-

harvesting antenna. by doing so, the electromagnetic (eM) 

energy can be transformed into dc power and reused by the 

same or another electronic device (see “Harvesting Energy 

from RF Sources” on mwrf.com). as much as 90% of the signal 

energy transmitted from a signal source, such as a cellular 

wireless base station, is dispersed into the environment and 

not used as part of the communications process. 

the same is true for a tactical environment with wireless 

devices, such as tactical radios. if that energy can be captured, 

it can be reused to power multiple electronic devices. the 

radient micro-tech technology allows users to charge the 

batteries of their mobile electronic devices from energy in the 

environment—or, in extreme cases, operate from that avail-

able energy and without a battery.

With the radient approach, an electronic device equipped 

with an extra antenna can harvest its own transmitted rF/

microwave power or the eM energy around it. the eM ener-

gy is converted to dc power, and 

then the electronic device’s pow-

er-management circuitry makes 

best use of the scavenged power. 

For example, it could be used to 

power some of a radio’s circuit-

ry, saving its own battery power 

and extending operating time, or 

to charge the radio’s battery for 

additional operating time. 

the rF-to-dc conversion cir-

cuitry is very low cost. the ener-

gy-scavenging solution, with 

its form-fitting antenna, can be 

added to a tactical radio or other 

electronic device without add-

ing significantly to the cost of the 

device or its size and weight. in fact, with the additional power, 

the size of the battery (and thus, the radio) can even be reduced. 

 the concept of energy harvesting and reducing battery 

size for in-field electronic equipment has been of interest to 

researchers from the U.s. army Material Command’s Com-

munications-electronics research, development, and engi-

neering  Center (CerdeC; www.cerdec.army.mil) for some 

time. Portable radios, GPs receivers, and night-vision goggles 

are just a few of the electronic devices carried by a modern 

soldier, all requiring batteries. 

in seeking to reduce the weight of the batteries required for all 

of these electronic devices, CerdeC and its Command, Power, 

and integration directorate has developed the energy Harvest-

ing assault Pack (eHaP; see photo). it is designed to convert the 

natural movements of soldiers into usable electrical power. 

the CerdeC eHaP consists of a rack-and-pinion gen-

erator with spring-loaded, double-frame suspension systems 

attached to a rucksack. the rucksack moves up and down 

with each step taken by a soldier, moving the generator and 

producing electrical energy. CerdeC is studying the impact 

of soldiers carrying the added weight of the eHaP frame, hop-

ing to create smaller, lighter versions with improved energy 

efficiency. Certainly, energy-harvesting methods such as the 

radient micro-tech solution are also of interest. 

Pilfering Power  
on the Battlefield

product feature

jack browne | Technical Contributor

Salvaging energy from 

electromagnetic sources—or even 

from soldiers’ movements—can help 

extend the operating time from a 

battery in portable electronic gear.

The Energy Harvesting Assault Pack contains a genera-

tor and suspension systems that can convert a soldier’s 

movements to electrical power. (Courtesy of U.S. Army 

CERDEC)

http://www.radientmicro.com
http://www.cerdec.army.mil
http://mwrf.com/systems/harvesting-energy-rf-sources
http://mwrf.com/systems/harvesting-energy-rf-sources
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D
iamond is known to be an extremely hard material 

that’s excellent for cutting tools. Less well known is the 

fact that it’s also an excellent thermal conductor. in 

addition, it has mechanical and electrical properties that make 

it a strong candidate for heat spreaders for high-power, high-

density circuits and devices.   

Element six (www.e6.com) has developed a process using 

chemical vapor deposition (CVd) by which thin diamond 

films can be synthesized under tightly controlled conditions 

(see photo). This results in CVd polycrystalline diamond with 

high consistency and repeatability.

diamond is a low-density material with high mechanical 

strength that has a low dielectric constant and is intrinsically a 

good electrical insulator. it is unparalleled as a thermal conduc-

tor, with the low thermal resistance and isotropic behavior that 

enables heat to flow freely through the material in all directions.  

Element six has engineered the material in many forms, in 

thicknesses from 100 to 2,000 µm and wafer diameters to 140 

mm for mechanical and electrical products. in addition to its 

CVd growth process, the firm developed laser-cutting and 

polishing methods for achieving low surface roughness that 

have the high flatness required to achieve gap-free interfaces 

with semiconductor substrates and other packaging materials. 

For heat-spreader applications, the company offers its 

diafilm Tm line of materials, which includes materials with 

four grades of thermal conductivity: diafilm Tm100, Tm150, 

Tm180, and Tm200. as a heat spreader for high-power pack-

ages, all four grades offer considerably higher thermal con-

ductivity than commonly used high-power package materials. 

all four grades of heat-spreader CVd synthetic diamond 

materials have a Young’s modulus between 1,000 to 1,100 GPa 

and density of 3.52 × 103 kg/m3. The specific heat capacity for 

all four grades is 520 J/kg/K at 300 K. diafilm Tm100 materi-

als have thermal conductivity of better than 1,000 W/m-K at 

300 K and better than 900 W/m-K at 425 K. They exhibit a 

coefficient of thermal expansion (CTE) of 1.0 ± 0.1 ppm/K at 

300 K and 4.4 ± 0.1 ppm/K at 1000 K. Thermal diffusivity is 

greater than 5.5 cm2/s at 300 K. 

The diafilm Tm150 synthetic diamond head-spreader 

materials offer higher thermal conductivity, with measured 

values of better than 1,500 W/m-K at 300 K and better than 

1,400 W/m-K at 425 K. The CTE of this material is 1.0 ± 0.1 

ppm/K at 300 K and 4.4 ± 0.1 ppm/K at 1000 K. Thermal dif-

fusivity is greater than 8.3 cm2/s at 300 K. 

Going even higher, diafilm Tm180 materials have thermal 

conductivity of better than 1,800 W/m-K at 300 K and better 

than 1,500 W/m-K at 425 K, with CTE of 1.0 ± 0.1 ppm/K at 

300 K and 4.4 ± 0.1 ppm/K at 1,000 K. Thermal diffusivity of 

this material is greater than 10.0 cm2/s at 300 K. For the high-

est thermal conductivity, diafilm Tm200 diamond materials 

maintain thermal conductivity of better than 2,000 W/m-K 

at 300 K and better than 1,500 W/m-K at 425 K. They exhibit 

a CTE of 1.0 ± 0.1 ppm/K at 300 K and 4.4 ± 0.1 ppm/K at 

1,000 K, with thermal diffusivity of greater than 11.1 cm2/s 

at 300 K. 

Element six works closely with customers in terms of thick-

ness, metallization, and soldering requirements to ensure that 

a heat-spreader solution based on CVd synthetic polycrys-

talline diamond achieves optimum results, enabling higher 

power levels in smaller size packages and circuits. 

ElEmEnt Six tEchnologiES, 3901 Burton Dr., Santa Clara, 

CA 95054; (408) 986-2400, www.e6.com

Diamond is Precious for 
Thermal Dissipation

product feature

jack browne | Technical Contributor

These are 120-to-140-mm-diameter CVD diamond wafers of different 

thermal grades, with a metallized head spreader (not to scale) shown 

at right. 

Synthetic diamond heat spreaders have all of the properties needed to optimize thermal 

management for high-power-density circuits and semiconductor devices.

http://www.e6.com
http://www.e6.com


ZVA

          super ultra widewideband

AMPLIFIEAMPLIFIERSAMPLIFIERS
Ultra wide coverage and super flat gain make our ZVAUltra wide coverage and super flat gain make our ZVA family ideal 
for ECM, instrumentation, and test systems. With outputfor ECM, instrumentation, and test systems. With output power up 
to 0.5 Watts, they’re simply some of the most usable amplifito 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, ruggedlyAll 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!

up to +27 dBm output... 0.1to2up to +27 dBm output...  0.1 to 21 GHz 

440 rev U

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

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

ZVA-183WX+VA-183WX+ZVA-183WX+ 0.1-18 28±2 27 35 3.0 1479.95  
ZVA-183X+ 0.7-18 26±1 24 33 3.0 929.95   
ZVA-213X+ 0.8-21 26±2 24 33 3.0 1039.95  

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

 from

$9299595
ea.ea.

http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
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S
pring-loaded probe pins have long been a part 

of electrical and environmental testing, even though 

they consist of three or four discrete parts and can be 

laborious (and costly) to assemble into probe assemblies. also 

known as “pogo” spring probes, such spring-loaded probe pins 

provide the compliance to avoid damage to miniature circuits 

while still providing adequate contact force for sure electrical 

connections to packages and circuit probe points.   

as discrete and integrated circuits (iCs) become more dense 

in attempts to design more functions into smaller packages, 

more probe pins are needed for a given probe area. Consequently, 

high-performance spring-loaded probe pins are often replaced 

with lower-cost (but lower-performance) stamped contacts. 

However, thanks to the development of the H-pin probe 

pin by plastronics (www.plastronics.com), the sacrifice of per-

formance for cost is no longer necessary. The spring-loaded 

probe pins are suitable both for test applications and board-to-

board (bTb) compression connectors. 

The H-pin is a cost-effective, stamped spring probe with 

outstanding mechanical, electrical, and thermal performance 

of a spring-loaded probe (Fig. 1). it is a family of products that 

includes the Ho33, Ho38, Ho57, and Ho77 Series H-pins, 

with different lengths and pitches to suit the needs of many 

applications. Models are available with 1-db bandwidth of 

wider than 23 gHz. 

all have nominal impedance of 50 Ω with low capacitance 

and self-inductance. They employ high-quality materials and 

trim manufacturing costs through the use of a high-volume 

beryllium-copper (beCu) stamping process and high-speed 

assembly and inspection process.  

Whether used as contacts for compression connectors or 

as test probe contacts, these probe pins represent impressive 

mechanical engineering and manufacturing, given the dimen-

sions (Fig. 2). They can be used in connectors and probes with 

pitches as fine as 0.2 mm. For example, the Ho33 Series H-pin 

products feature a minimum pitch of 0.4 mm and a working 

travel distance (for compression) of 0.4 mm. 

pin contacts in this series are available with lengths from 2.89 

to 3.81 mm with a free-air current rating of 1.8 a. They feature 

1-db bandwidth of 10 gHz. The probe pins have less than 50 

mΩ contact resistance, with capacitance of 0.067 pF and self-

inductance of 0.75 nH. The Ho33 Series H-pins are rated for 

operating lifetimes of more than 50,000 contacting cycles. 

at the high-frequency end of the product line, the Ho77 

Series H-pins include probe pins with full lengths from 4.45 

to 5.69 mm that can be positioned with minimum pitch of 1.0 

mm. They have a working travel distance of 0.7 mm and are 

rated for mechanical life of better than 125,000 contact cycles. 

The Hp77 probe pins feature contact resistance of less than 

16 mΩ, capacitance of 0.19 pF, and self-inductance of 0.94 

nH. They have usable 1-db bandwidth of 23.3 gHz and offer 

current-handling capability of 4 a (in free air). 

Plastronics, 2601 Texas Dr., Irving, TX 75062; (972) 258-2580, 

www.plastronics.com

Spring-Loaded Probe Pins 
Cut Automated Testing Costs

product feature

jack browne | Technical Contributor

These stamped, cost-effective, spring-loaded probe pins provide exemplary performance and 

long-term reliability for high-density automated testing and compression interconnections. 

1. The H-Pin spring-loaded probe pins are manufactured with a 

high-volume stamping process that helps to keep costs low in 

high volumes. 

2. The H-Pin spring-loaded probe pins are available in different 

lengths and for pitch placement as fine as 0.2 mm. 

http://www.plastronics.com
http://www.plastronics.com


On land, sea, andOn land, sea, and in the air, demanding critical applications call for a switch 
that is a cut abovethat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicthethat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicrest.that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicMinithat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicCircuitsthat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicruggedthat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicCSWA2that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic63DR+that is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramicceramicthat is a cut above the rest. Mini-Circuits rugged CSWA2-63DR+ ceramic
RF/microwave SPDT switch is that switch. From 0.5 to 6 GHz this switch 
operates in the absorptive mode (good output VSWR in off state). From 
0.3 MHz to 500 MHz in the non absorptive mode (output ports reflective in 
off state). The CSWA2-63DR+ at only 4 x 4 x 1.2 mm handles tight spaces, 
provides protection against high moisture environments, and offers outstanding 
performance. For tough RF/microwave switch requirements in commercial, 
industrial, or military applications, think Mini-Circuits’ new ceramic switch. Visit 
our website to view comprehensive performance data, performance curves, 
data sheets, pcb layout, and environmental specifications. And, you can even 
order direct from our web store and have it in your hands as early as tomorrow!

CSWA2-63DR+ In Stock

•• Very High Isolation: 63 dB @ 1 GHz Very• Very High Isolation: 63 dB @ 1 GHz High• Very High Isolation: 63 dB @ 1 GHz Isolation:• Very High Isolation: 63 dB @ 1 GHz 63• Very High Isolation: 63 dB @ 1 GHz dB• Very High Isolation: 63 dB @ 1 GHz @• Very High Isolation: 63 dB @ 1 GHz 1GHz
   to 44 dB @ 6 GHz 

• Low Insertion Loss: 1.2 dB

• High IP3: +45 dBm

• Integral CMOS Driver

• Supply current of only 18 micro amps

• 23 ns typical rise/fall time

• Operating temperature -55° to +125°C

HIGH ISOLAHIGH ISOLATION. . . 0.3 MHz to 6 GHz

RF SWITCHESRF SWITCHES

CERAMIC HERMETICALLY-SEALEDCERAMIC HERMETICALLY-SEALEDCERAMIC HERMETICALLY-SEALED

8
70

fromfrom ea. ea. (Qty.  20 )(Qty.  20 )(Qty.  20 )(Qty.  20 )

$

US ARMY photo

N
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  RoHs  
  compliant

4 mm Square4 mm Square PackagePackage
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GaN Amplifer Module Runs to 6 GHz 

Model TA1049 is a Class AB GaN amplifer module capable 

of +37 dBm (5 W) typical output power at 1-dB compres-

sion (+38 dBm saturated output power) 

from 0.7 to 6.0 GHz. It provides 36-dB 

gain with better than ±2-dB gain fatness 

across the full frequency range. It features 

overtemperature shutdown protection and 

high-speed on/off control, with typical switch-

ing speed of 1 µs (maximum 2 µs). The ampli-

fer module measures 3.75 × 2.00 × 1.063 in. and 

is available with an optional heatsink. It runs on a wide 

supply range of +9 to +36 V dc and draws 2 A typical current.

Triad rF SySTemS

11 Harts Ln., Ste. 1, E. Brunswick, NJ 08816; (855) 558-

1001, www.triadrf.com 

Digitizer Offers 14-b Resolution at 10 Gsamples/s 

THe Adq7dC is a high-speed digitizer de-

signed for challenging measurement ap-

plications. It provides one or two analog input 

channels with a 5- to 10-Gsample/s sample 

rate per channel and 14-b vertical resolution. 

It is suitable for light detection and ranging  

(lIdAR), radar, and test applications, and is ac- 

and dc-coupled with 2.5-GHz analog band-

width. The digitizer is Windows- and linux-

compatible, and contains 4-GB data memory. 

It includes PCIe, PXIe, USB 3.0, MTCA, and 

10Gbe data interfaces, and supports sustained 

data-transfer rates to 5 GB/s.

Signal ProceSSing deviceS Sweden aB (SP deviceS)

Teknikringen 6, SE-583 30 Linkoping, Sweden; +46 (0) 13 

4650600, www.spdevices.com 

Linear Amplifer Powers 0.5 to 2.7 GHz 

BRoAdBANd SolId-STATe power amplifer model 

BMe58278-100 provides 100 W output power at 3-dB 

compression from 0.5 to 2.7 GHz. The 

rugged Class AB linear amplifer boasts 

52.5-dB gain with ±3.5-dB gain fatness. 

It has typical harmonic levels of −13 dBc 

and spurious levels of −60 dBc. The 

amplifer exhibits input VSWR of 2.0:1. 

The device operates on +18- to +36-V 

dc supply and features rapid enable time of less than 5 µs. It 

measures 8 × 6×1.8 in. and weighs 4 lb. The amplifer, which 

meets MIl-STd-810F requirements for shock and vibration, is 

designed for operating temperatures from −40 to +85°C.

comTech PST

105 Baylis Rd., Melville, NY 11747; (631) 777-8900,  

www.comtechpst.com 

AC-DC Power Supplies Deliver 1 and 2 kW 

THe RUGGedIzed TWM Series of bulkhead ac-dc power 

supplies meet the needs of industrial and military applica-

tions. They convert ac voltage in the 

range of 100 to 260 V 

ac and 50/60 Hz and 

400 Hz to dc voltage 

at 12, 24, 48, and 120 

V dc. The supplies 

are designed to meet 

MIl-STd-461 for eMI and 

MIl-STd-810 for environmental immunity. The 

TWM1000-XXX model is rated for 1,000 W output power, while 

the TWM2000-XXX is capable of 2,000 W output power. Mul-

tiple units can be run in parallel for higher power levels. Stan-

dard interface is via military circular connectors, but custom-

ized versions can be supplied with terminal-block inputs and 

bus-bar outputs. The power supplies are well-suited for military 

shipboard applications, ground command, and control rooms, 

as well as utility control rooms. They can be equipped with op-

tional communications capability to monitor and control output 

voltage and current. The 1,000-W version measures 13 × 12 × 

4 in. and weighs 7.5 kg.

Technology dynamicS inc. 

100 School St., Bergenfeld, NJ 07621; (201) 385-0500

www.technologydynamicsinc.com 

SPDT Switch Handles 5 kW from 1.0 to 1.1 GHz 

ASINGle-Pole, doUBle-THRoW (SPdT) switch is de-

signed to handle 100 W average power and as much as 

5 kW peak power from 1.0 to 1.1 GHz. It provides at least 

40-dB isolation between ports with 0.8-dB maximum inser-

tion loss and 1.50:1 maximum VSWR. Peak power rating is 

for pulsed signals with pulse width of 17 µs at pulse repetition 

frequency (PRF) of 600 Hz and duty cycle of 2%. The TTl-

controlled switch features 2-ns typical switching speed from 

50% TTl to 10%/90% RF signal. It is powered by 50 mA at 

+50 V dc and 350 mA at +5 V dc, and supplied with female 

TNC connectors. The hermetic SPdT switch measures 4.22 

× 2.98 × 0.70 in. and is designed for operating temperatures 

from −45 to +85°C.  

corry micronicS inc. 

761 Commonwealth Dr., Warrendale, PA 15086; (724) 940-

7556, www.cormic.com

http://www.triadrf.com
http://www.spdevices.com
http://www.comtechpst.com
http://www.technologydynamicsinc.com
http://www.cormic.com
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$199
from ea.(qty.  1000)DC-20GHz2WATTENUATOR

Ultra Small 2x2mm

RoHS compliant

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

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

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

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

For more details, just go to minicircuits.com – place your   
der today, and you can have these products in your hands
as soon as tomorrow!

http://www.modelithics.com/mvp/Mini-Circuits/

FREE Simulation Models!

Mini-Circuits
®

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

http://www.modelithics.com/mvp/Mini-Circuits/
http://www.minicircuits.com
mailto:sales@minicircuits.com
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PLL Synthesizer Covers  

50 to 115 MHz 

Model FSW511-50 2476-50 is an in-

telligent interactive synthesizer (I2S) 

with a frequency range of 50 to 115 MHz 

and tuning step size of 500 kHz. The syn-

thesizer has an on-board microcontroller 

to simplify communications and program-

ming for CoTS applications. It provides 

at least +3 dBm output power across the 

frequency range and features low phase 

noise of −115 dBc/Hz offset 1 kHz from 

the carrier, −112 dBc/Hz offset 10 kHz 

from the carrier, and −127 dBc/Hz offset 

100 kHz from the carrier when run with 

a standard 10-MHz reference. The syn-

thesizer operates from voltage supplies of 

+5 V dc (15 mA maximum current) for the 

digital port and +5 V dc (50 mA maximum) 

for the VCo. It is supplied in a compact 

low-profle housing measuring just 0.94 

× 0.94 × 0.23 in., and handles operating 

temperatures from −40 to +85°C. 

Synergy Microwave corp.

201 McLean Blvd., Paterson, NJ 

07504; (973) 881-8800,  

www.synergymwave.com 

Two-Part Epoxy is  

Thermally Conductive

MeldIng BondIng strength and 

thermal management into one ad-

hesive, eP30TC is a two-component (2K) 

epoxy (10:1 mix ratio by weight) that con-

tains a robust thermally conductive fller 

material with fne particle sizes. The ep-

oxy is certifed to nASA low-outgassing 

requirements for use in deep space, and 

can be used for bonding, coating, seal-

ing, and encapsulating for military and 

aerospace applications. The epoxy is 

able to be applied in coats as thin as 5 to 

15 µm, for a thermal resistance of 7-10 × 

10-6 K-m2/W. The low-viscosity material 

features volume resistivity of more than 

1014 Ω-cm. It can be used at operating 

temperatures from −73 to +149°C with 

excellent fow properties.

MaSter Bond

154 Hobart St., Hackensack, NJ 

07601; (201) 343-8983,  

www.masterbond.com 

http://www.synergymwave.com
http://www.masterbond.com
mailto:bmdmarketing@cpii.com
http://www.cpii.com/bmd
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application Notes

Meeting coMplex spectruM emissions standards requires 

test solutions that can effectively perform intermodulation  

distortion (IMD) and RF interference measurements. The sig-

nal analyzer lies at the heart of many of these test solutions. In 

the application brief, “Measuring Intermodulation  

Distortion and RF Interference,” Keysight Technol-

ogies explains how to select and optimize a signal 

analyzer to meet spectrum emissions standards.

The brief lists three steps that should be  

followed when making compliance-based spec-

trum emissions measurements. The frst step is to simply  

select the correct signal analyzer. Modern signal analyzers can 

accommodate the complexity associated with today’s signals 

and wireless standards. Specifcally, the latest signal analyzers 

possess a great deal of signal-processing power and compu-

tational capabilities.

Another key aspect is to have wide digitizing bandwidths. 

Ultimately, the measurement capabilities of modern signal ana-

lyzers range from basic spectrum measurements to advanced 

digital demodulation. In addition, software simplifes measure-

ment setup and improves speed.

For wireless spectrum emissions measurements, one must 

consider a number of parameters. These include spurious-free 

dynamic range (SFDR), IMD, frequency range, and sensitiv-

ity. In addition, measurement applications must accommodate 

the standards of interest. Analysis bandwidth can also be sig-

nifcant in terms of making fast adjacent-channel-power-ratio 

(ACPR) measurements, as well as locating time-

varying spurious emissions.

The second step is to optimize the signal 

analyzer—correctly setting its attenuation value, 

for instance. Furthermore, when selecting the 

resolution bandwidth (RBW), it should allow for 

a suffcient displayed average noise level (DANL). The signal 

analyzer’s noise foor can be improved through other meth-

ods that include utilizing internal or external preamplifcation.  

On top of that, advanced signal-processing technology can 

help enhance signal-analyzer performance. 

The fnal step involves fnding and measuring time-vary-

ing spurious and RF interference signals. Real-time spec-

trum-analysis (RTSA) capability enables signal analyzers to  

discover and measure these signals. With RTSA, thousands  

of overlapping spectra can be calculated each second, there-

by capturing the shortest transient events. The application 

brief wraps up with a description of Keysight’s MXA X-Series 

signal analyzer.

A
lthough they may not 

seem glamorous, RF connec-

tors play a crucial role when 

it comes to achieving desired system 

performance. Making the efort to 

properly install connectors thus becomes 

extremely important. In the white paper, 

“Bulletproofng the Critical Connec-

tion: What You Need to Know About RF 

Connectors For Critical Communica-

tions Applications,” RF Industries delves 

into the methods that should be used to 

properly install and test RF connectors. 

Te paper also explains how the require-

ments of future wireless networks are 

likely to produce new developments in 

connector technology. 

It may seem like connectors have 

remained unchanged throughout the 

years, but the paper begins by explaining 

that connector technology does indeed 

progress over time. Moreover, connec-

tors do not have the luxury of backup 

protection. Thus, a bad connection can 

lead to negative consequences, ranging 

from slight voltage-standing-wave-ratio 

(VSWR) changes to complete failures. 

The paper details a number of 

parameters, processes, and procedures 

that apply to connector 

installation. Foremost, 

the operational status 

of the system must be 

verified to ensure proper 

connector operation. In 

terms of successful connector installa-

tion, the focus should be on cable prepa-

ration and connector preparation, with 

an emphasis on proper cable cutting 

and stripping. 

After identifying the right connec-

tor for the specific cable, the next step 

involves making the actual connection. 

A connector can be attached to a cable 

using one of three methods: solder/

clamp, crimp, or compression. The 

document presents the advantages and 

disadvantages of each one. 

Of course, after making a connection 

comes the testing phase. The general 

rule is to first conduct a 

physical inspection. Once a 

connection has been physi-

cally inspected, it must go 

through electrical testing. 

The white paper also 

discusses some causes of connection 

failures. For instance, contamination 

induced by foreign substances will 

likely lead to failure. Moisture is another 

frequent nemesis of connectors. The 

document concludes with a look at the 

future connector landscape.

EnsurE succEss WhEn Making connEctions

satisfy today’s spEctruM EMissions dEMands

RF Industries  
7610 Miramar Rd., 

San Diego, CA 92126  
(858) 549-6340 

www.rfindustries.com 

Keysight Technologies 
1400 Fountaingrove 

Pkwy., Santa Rosa, CA 
95403 (707) 577-2663

www.keysight.com

http://www.rfindustries.com
http://www.keysight.com


482 Rev. M

CABLES
TMTM

HANDNDHAND

FLEX

from 

$$
99 75

DC to 18 GHz ea. (qty. 1-9)

 Get the performance of semi-rigid cable, and the versatility 
of a flexible assembly. Mini-Circuits Hand Flex cables offer the 
mechanical  and electrical stability of semi-rigid cables, but they’re 
easily shaped by hand to quickly form any configuration needed 
for your assembly, system, or test rack. Wherever they’re used, the 
savings in time and materials really adds up!

Mini-Circuits
¨

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

Hand Flex Cables conform to 
any shape  required.any shape  required.

Hand Flex cables are available in 0.086" and 0.141" diameters, with a 
tight turn radius of 6 or 8 mm, respectively. Choose from SMA, SMA 
Right-Angle, SMA Bulkhead, SMP Right-Angle Snap-On and N-Type 

connectors to support a wide variety of system configurations. 

Two popular diameters to fit your needs. 

Hand Flex cables deliver excellent return loss (33 dB typ. at 9 GHz 
for a 3-inch cable) and low insertion loss (0.2 dB typ. at 9 GHz for a 
3-inch cable). Why waste time measuring and bending semi-rigid 
cables when you can easily install a Hand Flex interconnect?

Excellent return loss, low insertion loss, DC-18 GHz.

RoHS compliant

Standard lengths from 3 to 50" are in stock for same-day shipping.
You can even get a Designer’s Kit, so you always have a few on hand. 
Custom lengths and right-angle models are also available by preorder. 
Check out our website for details, and simplify your high-frequency 
connections with Hand Flex!

Standard   lengths in stock, custom models available .

SMA Right Angle SMA Bulkhead N-TypeSMASMA SMP Right Angle Snap-On

NEW

N-Type Bulkhead

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


Cover Story

Impedance tunIng makes it possible to determine accurately 

how an active device will behave under different source and 

load conditions. This is also becoming increasingly impor-

tant at millimeter-wave frequencies, since spectrum has been 

largely licensed and consumed for different applications at 

lower frequencies.

As applications like automotive radars and Fifth-Gener-

ation (5G) wireless networks look to frequencies at 60 GHz 

and beyond, impedance tuners are a means of finding imped-

ances for optimum noise and power performance of the active 

devices for amplifiers in those applications. To meet these 

needs, an extension to 110 GHz of the Multi-Purpose-Tuner 

(MPT) line of coaxial harmonic impedance tuners from Focus 

Microwaves (www.focus-microwaves.com) was developed for 

5G applications at a fundamental frequency of 28 GHz and 

harmonics at 56 and 84 GHz. 

This extension is a unique impedance-tuning solution with 

the flexibility to perform source- or load-pull on-wafer and in-

fixture measurements. It enables separate changing of imped-

ances at fundamental and harmonic frequencies at literally 

millions of impedance points. 

The new, higher-frequency impedance tuners, such as the 20- 

to 110-GHz MPT-110200 tuner (Fig. 1), are designed for broad-

band, non-50-Ω measurements on millimeter-wave devices, 

using three independently controlled, precision tuning probes. 

The three probes slide along a common slotted airline (slabline) 

and approach the center conductor, changing the impedance at 

any three user-selected harmonic frequencies from 20 to 110 

GHz without external hardware interventions. 

The tuner’s design allows the probes to be withdrawn from 

the airline, for a return to a 50-Ω test environment. (Note: 

The MPT tuner technology is protected by U.S. patent Nos. 

7,135,941; 8,188,816; 8,212,628; 8,400,238; 8,405,475; and 

8,629,752.)

Such impedance tuners can vary the impedance either at 

the source or at the load of a device under test (DUT). When 

used at the source, for small-signal measurements, the noise 

characteristics of a DUT can be analyzed when attempting 

to find, say, the input impedance match that provides lowest 

noise figures over a bandwidth of interest. 

When used at the load, for load-pull testing, impedance 

tuners help find which fundamental and harmonic imped-

ances deliver the best DUT output performance. They do so 

in terms of such parameters as output power at 1-dB compres-

sion, gain, power-added efficiency (PAE), adjacent-channel 

power ratio (ACPR), and error vector magnitude (EVM). 

In addition, an MPT-110200 tuner can generate the high 

VSWRs needed to perform prematching of an active device 

for optimum performance under certain conditions, such as 

when operating with a reduced power supply. 

Some device behavior, such as output power, can be analyzed 

with a test setup that adds standard test instruments—e.g., a 

signal generator—to drive the input and a power meter and 

sensor to measure power at the output. However, noise analysis 

and more detailed load-pull measurements require a microwave 

vector network analyzer (VNA) to provide S-parameter displays 

These versatile electromechanical tuners 

can create impedances using three 

independently adjustable wideband 

probes at three harmonic frequencies 

continuously from 20 to 110 GHz. 

Multipurpose tuners  
Control impedances from 
20 to 110 GHz

Jack Browne | Technical Contributor

1. The MPT-110200 tuner system provides a variety of impedance 

tuning functions with three independent tuners that cover a fre-

quency range of 20 to 110 GHz. The screen of the commercial VNA 

has markers at a fundamental frequency of 28 GHz, and second- and 

third-harmonic frequencies of 56 and 84 GHz, respectively.   
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Multipurpose Tuners

of amplitude and phase and Smith charts that can show the 

effects of changing impedance on DUT behavior. 

Load-pull contours can be shown on a Smith chart to gain 

an understanding of device behavior at different impedances. 

It also makes it easier to find impedance matches for best gain, 

output power, compression behavior, PAE, and error vector 

magnitude (EVM). 

In developing the MPT-110200 tuner, an upgraded (to 110 

GHz) version of the ZVA 67 VNA from 

Rohde & Schwarz was instrumental in 

characterizing and calibrating the tuner 

system over extremely wide operating 

frequency ranges. The display screen of 

the ZVA 67 VNA in the test system of 

Fig. 1, for example,  shows the frequency 

response (amplitude versus frequency) 

of the tuner system. Markers are set at a 

fundamental frequency of 28 GHz and 

second- and third-harmonic frequencies 

of 56 and 84 GHz, respectively. 

As is often the case at higher frequen-

cies, the excellent broadband frequency 

response of the probes owe a great deal to 

mechanical design and fabrication, and 

the millimeter-wave frequency response 

of the MPT-110200 system would not 

be possible without the tight machined tolerances of these slug 

tuners. Especially at the smaller wavelengths (λ) of millimeter-

wave frequencies (λ/2 at 84 GHz = 2 mm), machined tolerances 

and motion control in mechanical slug tuners are critical to 

maintaining repeatable impedance behavior. 

The design of the MPT-110200 involves cascading three sep-

arate vertically and horizontally adjustable broadband imped-

ance probes and maintaining consistent broadband reflection 

factor (Γ) across the full Smith chart. The independent move-

ment of the probes is under stepper-motor control, with the 

probe movements orchestrated by a computer running custom 

C++ and C# MPT software. 

The software for the MPT tuners includes a proprietary cali-

bration routine that enables the generation of approximately 1 

billion possible combinations of impedance points for each set 

of harmonic frequencies in less than 30 minutes. A full calibra-

tion of an MPT system is saved in a tuner calibration structure 

file of typically only 60- to 120-kb memory, whereby the billions 

of tuning permutations occur in real time using high-speed 

random access memory (RAM).

A glance at the internal works of an MPT-110200 tuner sys-

tem reveals the intricacy of the mechanical detail and the elec-

tronic control systems needed to achieve probe movement. It 

also shows the fine steps needed to provide fine resolution and 

control of impedances at three different frequencies and across a 

frequency range from 20 to 110 GHz. 

While it is not trivial to incorporate three cascaded imped-

ance tuners within a common enclosure, the relatively compact 

size of the tuner system achieves several goals. It reduces the 

signal transmission path between the impedance tuner and the 

DUT; it helps to increase the tuning range; and it simplifies the 

placement of the tuner system when it must be mounted onto an 

automated on-wafer measurement system. 

As with other MPT systems, the MPT-110200 tuner can be set 

in a high-VSWR mode or in a harmonic 

mode, providing choices in impedance 

tuning ranges for flexibility in impedance 

tuning and matching at fundamental fre-

quencies and at harmonic frequencies. 

The millimeter-wave frequency range 

of this particular tuner system (Fig. 2) 

makes it a candidate for behavioral mod-

eling of active devices that will be needed 

for signal amplification in many emerg-

ing millimeter-wave applications. 

Why Use harMonic TUning?

Wireless communications have 

undoubtedly become a staple of many 

modern lives, whether for personal enter-

tainment or military applications. The 

complex demands of modern commu-

nications systems have pushed a growing number of circuit 

designers toward impedance tuners as a means to gain optimum 

performance from discrete devices and integrated circuits (ICs). 

By understanding the behavior of an active device in non-

50-Ω environments, the impedance matching circuitry around 

the device, and even the manner in which the device is biased, 

can be fine-tuned for best performance. 

Circuit designers have learned how to use device energy pro-

duced at second- and third-harmonic frequencies to improve 

PAE and EVM. This feeds back the energy at the harmonic fre-

quencies with changes in phase to help cancel unwanted spuri-

ous signals and improve the efficiency of the active device, in an 

operation known as “waveform engineering.” This also reduces 

operating power requirements. This design trend becomes even 

more critical at higher frequencies. 

Harmonic impedance tuners should become increasingly 

more common in microwave test labs as the move to using high-

er frequencies continues. Admittedly, the MPT-110200 tuner 

is just one step in that direction. Nevertheless, the broadband 

tuner system will provide essential insights into device behavior 

through 110 GHz and offer a sound starting place for many 

active circuit designers.  

Focus Microwaves inc., 1603 St. Regis, Dollard-des-

Ormeaux, Quebec H9B 3H7, Canada; (514) 683-4554, www.

focus-microwaves.com

2. The VNA display screen shows a Smith 

chart with the tuner system’s complete 

impedance coverage at 84 GHz. 
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Product Trends

Vector network analyzers (VNAs) are general-purpose 

measurement instruments that can be used in a wide variety 

of applications. A perfect example is exemplified in their role 

in the 5G space, which has become hotbed of activity for 

VNAs. Figure 1 presents a basic description of a 5G commu-

nication system. 

To achieve the data rates desired for 5G communica-

tions, it is critical that the channels through which the data 

is passed do not constrain or degrade the data rate. While the 

information being conveyed is digital, the signals are fun-

damentally analog. As data rates increase, analog behavior 

becomes more critical. 

VNAs are excellent tools for measuring signal integrity and 

diagnosing issues when data rates fall short of expectations. 

For example, VNAs are good for analyzing real-world chan-

nel defects, like exceeded tolerances on printed-circuit-board 

(PCB) artwork, as well as plating and dielectric thickness 

variations. They are able to evaluate connector performance, 

construction, and how well connectors are mounted. VNAs 

can also analyze multi-layer PCB stackups and find imperfect 

vias or ground-plane issues. 

Converting frequency measurements to the time domain, 

VNAs can even measure the distance to a fault to pinpoint 

where issues occur. Some VNAs, such as the Anritsu Shock-

Line MS46500B series, offer an Advanced Time Domain 

option that enables signal-integrity engineers to measure 

parameters such as time-domain reflection (TDR), time-

domain transmission (TDT), and crosstalk. Furthermore, 

these analyzers are able to display an eye diagram based on 

simulated data being transmitted over a measured channel.

To move the massive amounts of data traffic expected in 

5G communication systems between data centers and base 

stations, digital signals will often be converted from electri-

cal to optical signals and back. VNAs can be used to help 

determine the efficiency at which these conversions happen. 

When combined with a well-characterized optical modulator 

or photodiode, VNAs can determine the transfer function of 

optical transmitters, receivers, and transceivers, including key 

parameters such as bandwidth, flatness, phase linearity, and 

group delay.  

TesTing 5g Base-sTaTion ComponenTs

At the base station, unparalleled performance will be 

required of 5G radios and their RF components. Getting 

the most out of these components requires a deeper under-

standing of their behavior. Vector network analyzers are 

used to make measurements as early in the design process 

as the wafer stage, where S-parameter measurements can be 

conducted on devices to ensure expected performance or to 

build device models. 

The ultimate success of next-generation 5G communication systems will rely heavily 

on the measurement capabilities of vector network analyzers.

VNAs Prove to  

Be Essential Tools for  

5G Communications

Walt Strickler | Product Marketing Manager, Anritsu

www.anritsu.com

5G 
COMMUNICATIONS 
SYSTEM

Antenna 
measurements

Cable, connectors, 
and backplanes

DATA CENTER

E/O O/E

Millimeter-wave 
components

RF components

BASE STATION

1. This diagram offers a simplified view of a 5G communications 

system.
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Vector Network Analyzers

Wafer-level measurements pose a 

unique set of challenges—VNAs need 

to de-embed the effects of fixtures 

and probes that enable the measure-

ments. More accurate models lead 

to shorter design cycles as everyone 

races to be the first to offer 5G radio 

solutions. VNAs that cover frequency 

ranges from 70 kHz to 145 GHz in a 

single coaxial connection and utilize 

a wide range of standard embedding/

de-embedding techniques allow signal-

integrity engineers to realize the most 

accurate device models.

Lower-Cost soLutioNs 

Among the performance require-

ments being placed on 5G radios is 

the need to handle much wider band-

widths, requiring radios to operate at 

higher frequencies than traditional 

communication systems. The move to 

microwave and millimeter-wave fre-

quencies will require many more cell 

sites to account for the greater path 

losses at these frequencies. 

Combined with historically more 

expensive microwave and millimeter-

wave instrumentation, there is a need 

for dramatic reductions in cost for mea-

surement equipment, such as VNAs. As 

a result, dedicated cost-effective VNAs 

have emerged (Fig. 2). It addresses a 

market need by offering an unprece-

dented price point for an E-band VNA, 

covering frequencies from 55 to 92 GHz 

in an instrument ready to use right 

from the box for mass production of 

E-band components.  

The last stage performed by 5G com-

munication systems is the transmission 

of microwave and millimeter-wave sig-

nals to the devices that will utilize them. 

To achieve 5G’s required data rates, 

C
ombined with historically more expensive microwave and 

millimeter-wave instrumentation, there is a need for dramatic 

reductions in cost for measurement equipment, such as VNAs.  As a result, 

dedicated cost-effective VNAs have emerged.
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Vector Network Analyzers

many infrastructure companies are employing multiple-input, 

multiple-output (MIMO) technologies with antenna systems 

utilizing large numbers of array elements, known as massive 

MIMO. This poses challenges for VNAs, which have been 

historically used to characterize antenna systems. 

The geometries associated with microwave and millime-

ter-wave components are much smaller than traditional RF 

components. This makes it difficult to do connectorized mea-

surements, forcing companies to instead perform over-the-air 

(OTA) measurements. Combined with the large number of 

array elements and the significantly greater path losses at the 

high frequencies, the VNAs used to characterize the antenna 

systems must be much smaller and account for the multiple 

array elements. 

To address this issue, there has been an emergence of small 

microwave/millimeter-wave measurement modules tethered 

to a base VNA model to get closer to the devices-under-test 

(DUTs). One such module is shown in Figure 3—it enables 

measurements up to 145 GHz and is about the size of a deck 

of playing cards.

LeVerAgiNg New TechNoLogy

To address the numerous aforementioned challenges fac-

ing VNAs and the world of 5G, VNA suppliers must take 

advantage of innovative technologies. For example, Anritsu’s 

application of nonlinear-transmission-line (NLTL) technol-

ogy in vector network analysis and other test instrumentation 

has proven to provide high performance, robust, frequency 

scalable, and cost-effective test solutions. 

NLTL technology redefines the level of performance and 

size of instrumentation while lowering the cost usually associ-

ated with high-frequency test and measurement equipment, 

helping to usher in the next wave of microwave/millimeter-

wave instruments. It accelerates next-generation product 

development and lowers production costs with the portability 

to install and maintain next-generation radio systems. 

VNAs are an essential tool for enabling 5G communication 

systems. They can be used in applications ranging from data-

center signal-integrity measurements, through characteriza-

tion of the devices and components incorporated in fiber con-

nectivity and millimeter-wave radios in next-generation base 

stations, to OTA measurements required to address massive-

MIMO technologies. 

2. This VNA is able to perform measurements at E-band frequencies.

3. Approximately the size of a deck of playing cards, this module 

enables measurements up to 145 GHz.
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Jack Browne | Technical Contributor

Product Feature

When is an oscilloscope  more than “just” a scope? When 

it is a member of the R&S RTO2000 oscilloscope family from 

Rohde & Schwarz, with the capabilities to capture and show 

signals in the time and frequency domains at bandwidths to 

6 GHz. With their high performance levels, multiple-domain 

flexibility, large display screens, and intuitive functionality, 

these oscilloscopes can reveal the finest details about signals 

within their capture ranges—be they analog, digital, or pow-

erline (see photo).

The R&S RTO2000 scope family includes two- and four-

channel models with 3-dB analog bandwidths from 600 

MHz to 6 GHz). The highest-frequency model is the R&S 

RTO2064, with maximum bandwidth of 4 GHz when four 

channels are used and 6 GHz when two channels are used. The 

maximum sampling rate is 10 GSamples/s on each channel for 

all models.  

The only exceptions are the R&S RTO2044 and R&S 

RTO2064 oscilloscopes, which provide maximum sampling 

rate of 10 GSamples/s on each channel for all four channels 

and 20 GSamples/s per channel in two-channel measure-

ment mode. The combination of a low-noise front end and 

10-GSamples/s analog-to-digital conversion enables the oscil-

loscopes to capture and display 1 million waveforms/s. 

The vertical resolution is 8 b, with 16-b resolution available 

for some reduction in sampling rate. A high-resolution option 

(the R&S RTO-K17 option) is also available, which provides 

16-b vertical resolution while preserving the highest sampling 

rate. The 50-Ω and 1-MΩ input ports for each oscilloscope 

are rated for maximum input voltages of 5 and 150 V RMS, 

respectively. 

The input sensitivity can be set from 1 mV/div to 10 V/div 

for the entire analog bandwidth of an instrument. The isola-

tion between channels is better than 60 dB to 2 GHz, better 

than 50 dB to 4 GHz, and better than 40 dB to 6 GHz. 

The R&S RTO2000 family of oscilloscopes is built around 

a 12.1-in. capacitive touch-sensitive color display screen, with 

integrated spectrum analysis and spectrogram display func-

tions for performing signal analysis in the frequency and time 

domains. Each instrument includes an application cockpit 

with icons for direct access to all applications, such as trigger 

and decoding functions. 

The scopes include color-coded controls to simplify opera-

tion. In addition, a unique digital zone trigger function assists 

in isolating captured signal events in the frequency and time 

domains to facilitate analysis of signals with complex modula-

tion formats, protocol signals, and precise timing signals. As 

many as eight zones can be defined to separate different events 

shown on the screen. 

A handy trigger time stamp can be used to label historical 

measurements and save them for future reference. The oscillo-

scopes incorporate enough memory (2 GSamples) to capture 

and analyze even long data sequences and pulse trains. 

To further simplify operation, the R&S RTO2000 series 

includes more than 90 measurements in internal software, 

allowing users to perform tests automatically with the push 

of a few buttons. The measurements include amplitude-

related, time-domain-related, and jitter measurements, along 

with the creation of eye diagrams and histograms. Numerous 

trend, track, and math functions are included to dig deep into 

signal analysis. 

Rohde & SchwaRz Gmbh & co., P.O. Box 80 14 69, 81614 

Munich, Germany; 888-TEST-RSA (1-888-837-8772); www.rohde-

schwarz.com

The R&S RTO2000 family of oscilloscopes includes models with two 

and four channels and analog bandwidths from 0.6 to 6.0 GHz, along 

with a host of functions that show signals in frequency and time 

domains. 

With outstanding measurement power, this 

family of oscilloscopes provides frequency- 

and time-domain functionality and flexible 

triggering for analysis of complex signals. 

Scopes Check Coms Signals 
to 6 GHz
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Mini-Circuits’ smart RF power sensors turn almost any Windows®

or Linux® based computer into a low-cost testing platform for all 

kinds of RF components and systems. To give you even more 

capabilities, our lineup now features models for high-sensitivity 

measurement of CW, multi-tone and modulated signals at levels 

as low as -45 dBm!  

With 8 different models in stock offering USB and Ethernet 

control options, measurement speeds as fast as 10 ms*, 

dynamic range options from -45 to +20 dBm, and measurement 

capability for continuous wave and modulated signals, chances are, 

we have a power sensor to meet your needs and fit your budget!

Our user-friendly GUI provides a full range of measurement tools 

including measurement averaging, time-scheduled measurements, 

multi-sensor support, and measurement applications supporting RF 

testing of couplers, filters, amplifiers and more! View data and 

graphs on-screen or export to Excel® for reporting and data analysis.

All Mini-Circuits power sensors fit in your pocket and come 

supplied with all the accessories you need for immediate use right 

out of the box. Visit minicircuits.com and place your order today 

for delivery as soon as tomorrow.

RoHS compliant

 *Measurement speed as fast as 10 ms for model PWR-8-FS. All other models as fast as 30 ms.

Excel is a registered trademark of Microsoft Corporation in the US and other countries.  
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NEW!

Model Power Frequency Dynamic Range Control Price $ ea.
Measurement MHz (dBm) Interface (Qty1-4)

PWR-6LRMS-RC True RMS 50 to 6000 -45 to +10 USB & Ethernet 1595.00

PWR-6LGHS CW 50 to 6000 -45 to +10 USB 895.00

PWR-6RMS-RC True RMS 50 to 6000 -35 to +20 USB & Ethernet 1595.00

PWR-4RMS True RMS 50 to 4000 -35 to +20 USB 1169.00

PWR-2.5GHS-75 (75Ω) CW 0.1 to 2500  -30 to +20 USB 795.00

PWR-4GHS CW 0.009 to 4000 -30 to +20 USB 795.00

PWR-6GHS CW 1 to 6000 -30 to +20 USB 745.00

PWR-8GHS CW 1 to 8000 -30 to +20 USB 869.00

PWR-8GHS-RC CW 1 to 8000 -30 to +20 USB & Ethernet 969.00

PWR-8FS CW 1 to 8000 -30 to +20 USB 969.00

NEW!

1 to 8000 MHz  -45 to +20 dBm1 to 8000 MHz  -45 to +20 dBm1 to 8000 MHz  -45 to +20 dBm1 to 8000 MHz  -45 to +20 dBm1 to 8000 MHz  -45 to +20 dBm
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Jack Browne | Technical Contributor

Product Feature

This dual-channel mixer provides adjustable gain and the wide bandwidth 

needed for the multiple-antenna and complex-modulation schemes of modern 

communications systems. 

Wideband Mixer Integrates 
Programmable IF Amplifiers

Modern wireless receivers, working with complex digital 

modulation formats and the wide bandwidths needed for high 

data rates, rely on such techniques as digital modulation and 

multiple-input, multiple-output (MIMO) antenna schemes to 

operate effectively. But to achieve optimum performance with 

diversity receivers and MIMO approaches, signal amplitude 

control is needed. 

Fortunately, the dual-channel LTC5566 downconversion 

mixer from Linear Technology has that amplitude control built 

in, taking the form of two intermediate-frequency (IF) variable-

gain amplifiers (VGAs) that contribute to a wide conversion-gain 

range for the dual-channel mixer, across a wide RF input range of 

300 MHz to 6 GHz. 

The dual-channel downconversion mixer (see figure) sur-

rounds of pair of broadband frequency mixers with many of the 

components needed for a MIMO receiver, all on a single pack-

aged integrated circuit (IC). The LTC5566 features two active 

mixers, fixed-gain local-oscillator (LO) amplifier for each chan-

nel, IF VGAs for each channel, and a serial peripheral interface 

(SPI). The SPI, or a parallel interface, can control mixer conver-

sion gain as well as other functions. 

The LTC5566 offers conversion gain from −3.5 to 12.0 dB, 

programmable in 0.5-dB steps. Both on-chip mixers are opti-

mized for use from 300 MHz to 5 GHz, but can be used to 6 

GHz with degraded performance. Single-ended RF input ports 

are matched to 50 Ω by means of integrated RF transformers. 

Differential LO input ports can be driven with single-ended or 

differential signals. Differential IF output ports can be connected 

to differential IF filters and amplifiers in support of in-phase (I) 

and quadrature (Q) modulation schemes. 

The two downconversion channels and their mixers are well 

isolated, with 50-dB channel-to-channel isolation from 300 

MHz to 3.6 GHz. The isolation drops somewhat at higher fre-

quencies, although it is still 40 dB at 4.5 GHz. The phase shift 

between channels is minimal across the frequency-conversion 

gain-control range. 

A real benefit of the LTC5566 is its integrated LO buffers, 

requiring only 0 dBm power to attain its specified performance. 

The LO power can vary by as much as ±6 dB with minimal effect 

on IP3 performance. Also, its RF inputs are rated to withstand as 

much as +20 dBm power for each channel. 

The differential IF gain error between any two 0.5-dB steps in 

the full 15.5-dB conversion loss/gain range is typically ±0.06 dB. 

The IF phase is also tightly controlled for the full 15.5-dB gain 

control range,  with typical IF phase error of 2.4 deg. at IF of 150 

MHz and 5.5 deg. at an IF of 350 MHz. The LO port input return 

loss is better than 10 dB from 150 MHz to 6 GHz. 

The LTC5566 operates from a single +3.3-V dc supply; nomi-

nal current consumption is 384 mA with both channels active. 

Individual mixers can be turned on or off independently with 

separate control lines. In the LTC5566’s low-power mode, the 

current draw is reduced to 294 mA, although with some decrease 

in IIP3 performance. 

Linear TechnoLogy Corp., 1630 McCarthy Blvd., Milpitas, CA 

95035-7417; (408) 432-1900; www.linear.com

The LTC5566 dual-channel downconversion MIMO mixer provides 

programmable frequency-conversion loss/gain for an RF range of 

300 MHz to 5 GHz (and usable to 6 GHz), an LO range of 150 MHz to 

6 GHz, and an IF range of 1 to 500 MHz.
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5 to 6000 MHz

NF as low as 0.8 dB     IP3 dBm     P1dB up to +23.8 dBm          

HIGH DYNAMIC RANGE

MMIC AMPLIFIERS

RoHS compliant

Broadband high dynamic range for high-performance applications. Mini-Circuits’ 

PGA-series of MMIC amplifers features ten unique models, all with outstanding 

combinations of low noise and high linearity to meet your needs for sensitive systems 

in dense signal environments. Choose from 50 Ω and 75 Ω models with a selection of 

bandwidth, gain, output power, IP3, noise fgure and DC 

operating power. They all achieve low current consumption 

and excellent input/output return loss with no external matching 

required. They’re even available in unpackaged die form for 

integration into your hybrids where minimizing size and weight 

is critical. From CATV and broadband to LTE, WiFi and more, 

there’s a PGA model to improve your system performance. 

In stock, ready to ship, at a budget-friendly price.
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Jack Browne | Technical Contributor

Product Feature

A trio of terminations provides ultra-

secure protection to 26.5 GHz for coaxial 

test ports.

Terminations Maintain 
Security on SMA Ports

Coaxial terminations provide valuable functions in vari-

ous systems and test setups, protecting against damage from 

high-level reflected signals. Unfortunately, they are sometimes 

mistakenly removed from an application, resulting in damage 

to expensive test gear.  

But while mistakes will happen, a line of coaxial security 

terminations from Midwest Microwave, part of Cinch Con-

nectivity Solutions (www.cinchconnectivity.com), will help to 

avoid them. Three different male SMA security terminations 

are available for use at frequencies through 26.5 GHz, with 

low VSWR and a foolproof method for staying in place on 

the test ports they are meant to protect. These low-cost addi-

tions to a test setup can provide invaluable protection against  

costly errors. 

Measurement systems often have a number of test ports 

in addition to the main input port and a reference port for a 

reference oscillator. For the sake of measurement accuracy, 

any unused port in a measurement system, such as auxiliary 

test ports, should be terminated in the system’s characteristic 

impedance—normally 50 Ω at microwave frequencies. Also, 

damage can occur when high-power reflected signals essen-

tially have nowhere to go, or reach a transmission “dead end” 

because of an unterminated, resistive signal port that turns the 

incident signal power into heat. 

The potential problem of unterminated test ports can be 

eliminated through the use of the ingenious Midwest Micro-

wave TRM-244x series of security terminations (see photo).    

In terms of performance, they work like other coaxial termina-

tions, with one large difference: They can only be removed by 

using a special tool. 

The security terminations are based on the company’s 

standard TRM-244x series of terminations, modified with 

a passivated stainless-steel shell around the terminations as 

a protective mechanism. They provide the electrical perfor-

mance of their TRM-244x series counterparts, with the outer 

shell preventing accidental removal from sensitive test ports. 

Simple AttAchment

The terminations can be attached by hand—fingers, spe-

cifically—with the final amount of torque applied by means 

of the company’s TLS-0017-ST-SMA-02 tool and an SMA 

torque wrench (clockwise to tighten). Once fully torqued and 

properly attached, they can only be removed by using the same 

tool and an SMA torque wrench (counterclockwise to loosen). 

Three different dc-coupled terminations are available—

models TRM-2444-MS-SMA-02, TRM-24440MS-SMA-02, 

and TRM-24430MS-SMA-02—with respective high-end fre-

quency limits of 8.0, 18.0, and 26.5 GHz. The respective maxi-

mum VSWRs are 1.11:1, 1.19:1, and 1.30:1. The SMA male 

terminations have a characteristic impedance of 50 Ω and will 

mate to standard SMA female connectors. The terminations 

are rated for 0.5-W (+27 dBm) nominal power-handling capa-

bility at room temperature (+25°C) and slightly less power at 

elevated temperatures. 

Overall, the terminations are designed for operating tem-

peratures from −55 to +125°C. They are available for fre-

quency ranges that accommodate most standard microwave 

spectrum analyzers and other test equipment in need of signal 

port protection, and provide a simple but effective means of 

keeping a termination in place where needed. Just don’t lose 

the special tool. 

CinCh ConneCtivity Solutions Waseca, 299 Johnson Ave. SW, 

Ste. 100, Waseca, MN 56093; (507) 833-8822, www.cinch.com

The Midwest 

Microwave TRM-

244x series of 

security termina-

tions provide prac-

tical protection for 

unused test signal 

ports at frequen-

cies to 26.5 GHz, 

with removal pos-

sible only through 

the use of a special 

tool. 
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SPOTLIGHTSPOTLIGHTSPOTLIGHT
Product

Rugged SP8T Electromechanical 
Switch Channels DC to 12 GHz

M
ini-Circuits’ model 
MSP8TA-12-12D+ is an 

absorptive failsafe single-
pole, eight-throw (SP8T) 
switch constructed for long 
operating lifetime for applications from DC to 12 GHz. It employs 
a patented design with few frictionless moving parts for a lifetime 
rating of more than 5 million switching cycles when hot switching 
0.1 W power. With reliable “sleep-time” switching, it features a 
break-before-make conf guration with 20-ms switching that is a 
good f t for ATE applications. The switch operates with low insertion 
loss of typically 0.2 dB from DC to 8 GHz and 0.4 dB from 8 to 12 
GHz. Isolation is typically 100 dB from DC to 8 GHz and 90 dB from 
8 to 12 GHz. The rugged switch is supplied with SMA connectors 
and is designed for operating temperatures from -15 to +45°C. 

Tiny Surface-Mount LTCC Package
Houses Dual Lowpass Filters

M
ini-Circuits’ model DLFCV-1000+ 
is a dual lowpass f lter with each 

f lter providing passband of DC to 
1000 MHz and stopband  of 1700 to 
5000 MHz. The passband insertion 
loss is typically 1.2 dB, reaching 3.0 
dB at a cutoff frequency of 1280 
MHz. The passband VSWR is typically 1.40:1, with passband 
amplitude unbalance maintained to 0.1 dB and passband phase 
unbalance within 3 deg. The stopband rejection is typically 27 
dB. The passband group delay is closely matched for both f lters, 
and typically less than 0.9 ns at 1000 MHz. The dual lowpass 
f lter is supplied in a ceramic surface-mount package that 
measures  0.126 x 0.98 x 0.059 in. and is designed for operating 
temperatures from -40 to +85°C. 

Coaxial Adapter Mates
2.92-mm Female Connectors

M
ini-Circuits’ model KM-
KM50+ is a low-cost, 

high-performance DC-to-40-GHz 
coaxial adapter with 2.92-mm 
male connectors at both ends 
for interconnecting cables and 
components with 2.92-mm 
female connectors. The RoHS-compliant adapter features low 
typical insertion loss of 0.13 dB across the full bandwidth with 
VSWR of typically less than 1.03:1 across the full bandwidth. It 
provides f at amplitude response with frequency and over operating 
temperatures from -55 to +100°C. The rugged coaxial adapter 
features passivated stainless-steel construction and is built for high 
reliability and long operating lifetime. The 2.92-mm-to-2.92-mm 
adapter is only 0.74 in. long and 0.28 in. in diameter. 

75-Ω Diplexer Splits 
Signals to 1220 MHz

M
ini-Circuits’ model 
DPLB-2025A0+ is 

a 75-Ω diplexer that is 
usable from DC to 1220 MHz. It has a low passband of DC to 204 
MHz and a high passband of 258 to 1220 MHz with low typical 
insertion loss of 1 dB in both passbands. The diplexer delivers high 
co-channel rejection and excellent out-of-channel rejection, with 
stopband isolation of typically 50 dB from 258 to 1200 MHz for 
the low passband and typically 55 dB from DC to 204 MHz for the 
high passband. The return loss is typically 20 dB or better across 
the full frequency range. The RoHS-compliant diplexer can be 
used in multiband radios and cable-television (CATV) applications, 
including DOCSIS® 3.1 systems and equipment. The surface-mount 
f lter measures 1.181 × 1.181 × 0.280 in. and is designed for 
operating temperatures from -40 to +85°C. 

DC Pass Splitter/Combiner Handles 
5 W from 680 to 6000 MHz

M
ini-Circuits’ model 
SEPS-2-63+ is a two-

way, 0-deg. surface-mount 
power divider/combiner with 
frequency range of 680 to 
6000 MHz. It can handle as much as 5 W input power as a splitter 
and exhibits low insertion loss (above nominal 3-dB splitting loss) 
of typically 0.8 dB to 5000 MHz and 1.0 dB to 6000 MHz. The 
typical isolation between ports is 17 dB to 1200 MHz and 22 
dB from 1200 to 6000 MHz. The splitter/combiner can pass as 
much as 1500 mA current, 750 mA at each port. It is designed 
for operating temperatures from -40 to +85°C and supplied in a 
shielded package measuring 1.25 x 1.00 x 0.20 in. with wrap-
around terminations. The splitter/combiner is well suited for 
satcom, wireless, and test and measurement applications. 

Highpass Filters
Extend to 30 GHz

R
ef ectionless 
50-Ω MMIC 

f lters in Mini-
Circuits’ XHF2 Series absorb and terminate stopband signals 
internally rather than ref ecting them back to the source. Covering 
a total frequency range of DC to 30 GHz, with cutoff frequencies 
to 18.3 GHz, the MMIC f lters are stable to within ±0.3 dB for 
operating temperatures of -55 to +105°C. The f lters can be 
cascaded and are usable in both transmit and receive applications. 
As an example, model XHF2-153+ has a stopband of DC to 12 
GHz with cutoff of 14.2 GHz and passband of 15.3 to 30.0 GHz. 
The RoHS-compliant f lter is suitable for aerospace and military 
systems, Wi-Fi, WiMax, and microwave radios and is supplied in a 
2 × 2 mm QFN package.

http://www.minicircuits.com
http://mwrf.com


Product Feature

This modeling and simulation tool 

can prove highly beneficial for 

engineers across a wide range of 

disciplines.

Modeling and Simulation 
Software Adapts  
to Today’s Needs

R
F/microwave engineers today can choose from 

among a range of currently available simulation 

tools to meet their specific design needs. One 

company that specializes in modeling and simu-

lation is COMSOL (www.comsol.com). The company’s software 

platform, COMSOL Multiphysics, is a tool designed for phys-

ics-based modeling and simulation. On top of that, COMSOL 

Multiphysics can be expanded with a large number of add-on 

products that target specific areas, such as electrical, mechani-

cal, acoustic, fluid, thermal, and chemical applications.  

One add-on of particular note is the RF Module. This 

software allows for modeling and simulation of various RF/

microwave components, including filters, power dividers, and 

couplers. Antenna design is another main area targeted by 

the software. Other applications supported by the RF Module 

include microwave heating and metamaterials.

Overview

I recently had the opportunity to spend some time with the 

RF Module and get a better sense of its capabilities. Those who 

have no prior experience with COMSOL Multiphysics ought 

to know that the RF Module is based on the finite-element 

method (FEM), which is used to solve Maxwell’s equations. 

Once a model is simulated, users can observe predefined 

plots of electric and magnetic fields. Users can also view 

S-parameter plots, as well as other results from a particular 

simulation. In addition, the capabilities of the RF Module 

extend beyond traditional electromagnetic (EM) modeling—

the created models can include effects like temperature rise 

and structural deformations.

ApplicAtiOn GAllery

The Application Gallery is COMSOL’s own library of demo 

models. Most of these demos include the actual model file, as 

well as a step-by-step guide that explains how to build the mod-

el from scratch. The library contains a variety of microstrip 

designs, such as a connectorized Wilkinson power divider 

(Fig. 1), a branchline coupler, and a rat-race coupler. 

Moreover, various filter designs are provided, including a 

lumped-element lowpass filter, a coupled-line bandpass filter, 

and several waveguide filters. COMSOL also supplies a large 

number of antenna models, among them dipole, microstrip 

patch, and Vivaldi antennas. Many other demo models can be 

found on COMSOL’s website—more than 80 specific to the RF 

Module are currently available.

The step-by-step instructions can be highly beneficial to 

someone new to COMSOL. By following these guides, one will 

be able to learn how to create geometries, add materials, spec-

ify input/output (I/O) ports, and more. For example, users can 

become familiar with the various transform options, such as 

Array, Copy, Mirror, and Rotate. These functions are intended 

to streamline the task of creating geometries. 

Of course, the ultimate goal of creating a model is to obtain 

simulation results. The guides demonstrate how to config-

ure different kinds of I/O ports, like coaxial and waveguide 

types. Readers are further instructed on how to define a mesh, 

perform a simulation, and ultimately view the simulation  

results (e.g., electric field distribution and S-parameter plots).

One major benefit of the Application Gallery is that it enables 

users to create their own designs using an existing demo model 

as a baseline. In essence, users can identify a demo model simi-

lar to their intended design. That model can then be modified 

in whatever manner necessary to create the desired model. 

Alternatively, one could follow the step-by-step guide, with 

the exception of using the actual project parameters in place of 

those presented in the documentation. In any case, the Applica-

tion Gallery  becomes a major advantage for users.

Chris DeMartino | Technical Editor

1. This is an image of a Wilkinson power-divider simulation model.
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ApplicAtion Builder

The Application Builder is another significant feature of 

COMSOL Multiphysics. It essentially makes it possible to cre-

ate models that can then be used as customized applications. 

This capability allows a simulation specialist to build a model 

that can be customized by other designers without the time 

and effort needed to return to the original design process. One 

example is the Slot-Coupled Microstrip Patch Antenna Array 

Synthesizer found in the Application Gallery (Fig. 2).

user presentAtions

The COMSOL Conference 2016 featured a number of user 

presentations pertinent to RF/microwave engineering. They 

included “Electromagnetic Modeling of a Millimeter-Wave-

length Resonant Cavity,” “Modeling Post Convection Cool-

ing of High Power Waveguide,” “Multiphysics Analysis of RF 

Cavities for Particle Accelerators: Perspective and Overview,” 

and many others. Anyone who is interested in learning about 

the research areas enabled by COMSOL should take a look at 

these presentations.

FinAl thoughts

The RF Module can benefit anyone involved with design-

ing antennas, filters, waveguide components, and more. For 

one, the Application Gallery is a good resource for both expe-

rienced and new users. New users can become acquainted 

with the software by taking advantage of the various demo 

models. The step-by-step guides offer a practical approach to 

explain the process of building a model. Moreover, the Appli-

cation Builder is primed for emerging needs like 5G wireless 

networks. Those who have yet to use COMSOL Multiphysics 

should give it a try. 

2. This image shows an app, which was built, that simulates a single 

slot-coupled microstrip patch antenna fabricated on a multi-layered 

low-temperature co-fired ceramic (LTCC) substrate.

Standard and Custom Products for Radar and Avionics

RF Power Transistors and Pallets

GaN,LDMOS,BJT UHF, L, S, C-band

sales@integratech.com +1 (310) 606 0855
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Remote contRols have traditionally utilized infrared (IR) 

technology. However, a change is now underway, as RF tech-

nology is increasingly being used in remote controls. In fact, 

according to industry estimates, almost 50% of TV and set-

top-box remote controls currently entering the market are 

based on RF technology.

One company that is supporting the utilization of RF-based 

remote-control products is RedRat. The firm’s RF Module 

Evaluation Kit is intended for RF4CE and Bluetooth testing 

(Fig. 1). Manufacturers of set-top boxes and consumer elec-

tronics can take advantage of the evaluation kit’s components 

and software to allow RF testing scripts to be incorporated into 

current IR test processes. This capability enables evaluation 

before manufacturers and vendors move to a testing environ-

ment that is either mixed or fully RF-based. 

With RedRat’s evaluation kit, set-top-box manufacturers 

can examine various factors associated with automated set-

top-box control via RF protocols. Such factors include pairing 

with multiple boxes, the impact of interference in a test facility, 

and how rapidly commands can be sent. The company says its 

evaluation kit has been successfully incorporated into RF4CE 

and Bluetooth set-top-box testing environments of several 

large set-top-box manufacturers and broadband companies, 

both in the U.S. and Europe.

The evaluation kit contains a USB module adapter, which 

can be connected to a laptop or PC via USB. Both Windows 

and Linux operating systems are supported. Customers can 

also request Mac-compatible evaluation kits. Moreover, firm-

ware updates are delivered via the RedRat Device Manager.

In addition, the evaluation kit contains an RF module for 

RF4CE and Bluetooth testing. RF4CE capability is enabled 

by Texas Instruments’ (TI) CC2533 system-on-a-chip (SoC) 

solution for 2.4-GHz IEEE 802.15.4 and ZigBee applications. 

The driving force behind the module’s Bluetooth capability is 

TI’s CC2564 dual-mode Bluetooth controller.

The kit also consists of evaluation software and associated 

scripting tools. The evaluation software includes a Windows 

“Toolbox” application to experiment with target discovery, 

pairing, and control (Fig. 2). Additional features include an 

HTTP REST application programming interface (API) for 

integration with third-party software, as well as a .NET API for 

direct use in third-party applications.

Although many newer set-top boxes utilize both IR and RF 

technologies, IR is expected to be phased out over time. With 

that being said, this evaluation kit appears primed to meet 

future needs in this arena. 

RedRat Ltd., +44 1799 520092; www.redrat.co.uk

This evaluation kit helps manufacturers of remote-control products transition  

to an RF testing environment.

Evaluation Kit Supports 
Move from IR to RF 

chris demartino | Technical Editor

Product Trends

1. This evaluation kit supports both RF4CE and Bluetooth set-top-

box testing environments.

2. The kit’s evaluation software allows for target discovery, pairing, 

and control.
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New Products

Coaxial Splitter/Combiner Passes DC from 10 to 40 GHz

Model ZN2Pd-K44+ is a wideband two-way, 0-deg. power splitter/combiner with a frequency 

range of 10 to 40 GHz. It is an example of the company’s move toward developing a grow-

ing number of products for millimeter-wave frequencies. The splitter/combiner can pass as 

much as 600 mA current, 300 mA at each port. The 50-Ω power splitter/combiner features low 

insertion loss, with typical loss of 0.6 dB to 18 GHz, 0.9 dB to 26.5 GHz, and 1.0 dB to 40 GHz. The 

isolation between ports is typically 20 dB, and the component can handle as much as 10 W input power as a splitter. 

The two-way divider/combiner, well-suited for terrestrial wireless systems, satellite communications (satcom) systems, 

and radar systems, measures 3.5 × 2.0 × 0.5 in. with 2.92-mm coaxial connectors. It exhibits typical VSWR of 1.50:1 at  

all ports at the highest frequencies. It is designed for operating temperatures from −55 to +100°C. 

Mini-CirCuitS, P. O. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500, Fax: (718) 332-4661, www.minicircuits.com

Continuously Variable Attenuator Spans 1 to 2 GHz

The Model 3814-10, a compact, continuously variable attenuator, provides 0- to 10-dB attenuation from 1 to 2 GHz. 

Attenuation resettability is 0.1 dB or better for use in the most challenging applications, such as measure-

ment and military electronic systems. It exhibits maximum insertion loss of 0.5 dB across the full 

bandwidth and can handle input signals to 5 W average power and as much as 3 kW peak 

power for short pulses. Maximum VSWR is 1.80:1. The attenuator, which weighs less than 3 oz., 

is supplied with stainless-steel, female SMA connectors and designed for operating tempera-

tures from −55 to +85°C. 

ArrA inC., 15 Harold Ct., Bay Shore, NY 11706-2296; (631) 231-8400, e-mail: sales@arra.com 

isolators and Circulators Channel L-Band Signals

faMilies of high-performance coaxial isolators and circulators cover L-

band frequencies from 0.8 to 2.0 GHz with high power-handling capabilities. 

Available with SMA and Type N female coaxial connectors, the isolators and 

circulators handle forward power levels to 50 W with typical insertion loss of 

0.9 dB.  The isolation is typically better than 15 dB and VSWR is typically 1.45:1.

MECA ELECtroniCS inC., 459 E. Main St., Denville, NJ 07834;  

(866) 444-6322, www.e-MECA.com

Planar resonator VCo tunes 110 to 330 MHz

Model dCM01129 is a planar-resonator voltage-controlled oscillator (VCO) with broad frequency range of 110 to 

330 MHz. It provides at least +3 dBm output power over the frequency range, with typical tuning sensitivity of 7 to 16 

MHz/V. It achieves its full frequency range with tuning voltages from 0.5 V (for 110 MHz) to 24 V (for 330 MHz). The 

low-noise oscillator features typical single-sideband (SSB) phase noise of −12 dBc/Hz offset 10 kHz from the carrier 

with typical harmonics of −10 dBc. The VCO draws no more than 27 mA current from a supply of +5 to +12 V dc.  

The oscillator, which is designed for operating temperatures from −40 to +85°C, comes in a RoHS surface-mount- 

technology (SMT) housing measuring just 0.5 × 0.5 × 0.180 in.

SynErGy MiCrowAVE CorP., 201 McLean Blvd., Paterson, NJ 07504; (973) 881-8800, www.synergymwave.com

FEM Helps iSM Applications from 902 to 931 MHz

Model sKY66105-11 is a compact, front-end module (FEM) designed for industrial- 

scientifc-medical (ISM) band applications from 902 to 931 MHz. A good ft for smart meters, 

sensors, and machine-to-machine (M2M) applications, the module squeezes a power  

amplifer, output impedance matching, logic control, and switchable lowpass harmonic flters 

into a 12-pin multichip-module (MCM) package measuring 8 × 6 × 1.05 mm.  It provides +30 dBm 

(1 W) output power with on/off-time switching time of 1 to 2 µs. Typical small-signal gain is 29 dB.  The FCC-

compliant FEM runs on battery supplies of +2.0 to +4.8 V dc and draws less than 10 μA sleep-mode current.

SkyworkS SoLutionS inC., 20 Sylvan St., Woburn, MA 01801; (781) 376-3000, e-mail: sales@skyworksinc.com,  

www.skyworksinc.com 
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$$395395from

Now!

4-Channels

in 1 Compact

Device

            Programmable 

ATTENUATORS

Power HandlingPower Handling

up to 2Wup to 2W

Ultra-Wideband Ultra-Wideband 

10 MHz to 13 GHz10 MHz to 13 GHz

Visit minicircuits.com for detailed model specs, application notes, and more!

Place your order today and have them on your test bench as soon as tomorrow!
www.minicircuits.com/products/
programmable_attenuators.shtml

Features

• Models with attenuation range up to 30, 60, 63, 90, 95, 110 or 120 dB

• Choose from USB, Ethernet, RS232 and SPI control options

• Use our software or yours!  User-friendly GUI and DLLs included

• Sweep or hop attenuation levels 

• Save and recall customized attenuation patterns

• Pocket-sized package, as small as 3.0 x 2.0 x 0.6”

• Now 16 unique models in stock, ready to ship!

†

Perfect for…

• Fading simulators

• Handover system evaluation

• Automated test equipment

• And MORE!

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

00 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*to0 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*1200 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*dB0 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*0.250 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*dB0 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*Step0 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*10 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*MHz0 to 120 dB   0.25 dB Step  1 MHz to 13 GHz*to 13 GHz*

http://www.minicircuits.com/products/programmable_attenuators.shtml
http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
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Critical Moments
call for Critical Products

Our critical-grade RF and Power inductors are built 
to withstand the most punishing conditions imagin-
able, including extreme temperatures, thermal shock, 
G-forces, EMI and vibration. 

• Tin-lead (Sn-Pb) terminations for the best possible 
board adhesion. RoHS terminations also available.

• Extended temperature ranges (-55°C to +200°C) 
• Vibration testing to 80 G  / shock testing to 1000 G

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

800.981.0363    847.639.6400   www.coilcraft-cps.com

We also offer comprehensive product testing and  
validation services in accordance with MIL-STD-981 
and EEE-INST-002, as well as custom screening to  
your electrical and physical specifcations.

Learn more about how our battle-tested 
components will keep your 
mission on target. Call or 
visit us online today!

http://www.coilcraft-cps.com



