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

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

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

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

performance while manufacturers can utilize the ShockLine™ family for speed and  

cost-effectiveness.

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

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

To learn more download our PAM4 Demands Accurate S-Parameters White Paper at:

www.goanritsu.com/MWRF12

High performance VNAs for any application

1-800-ANRITSU 

www.anritsu.com/test-measurement

© 2016 Anritsu Company

In the Lab   On the Manufacturing Floor   In the Field

VNA

http://www.goanritsu.com/MWRF12
http://www.anritsu.com/test-measurement


Get 
ult

ra-
bro

ad
ba

nd
 pe

rfo
rm

an
ce

Coilcraft BCL/BCR Series conical induc-

tors operate across a frequency range of 10 

MHz to 40 GHz, letting you replace a series  

of narrow band inductors with one part. 

Both series provide excellent return loss 

and insertion loss. Their unique conical 

shape optimizes the effects of capacitance, 

maintaining high impedance across your 

frequency spectrum.  

WWW.COILCRAFT.COM

Choose from a rugged, surface mount 

package or our fying lead confguration. 

And for applications below 6 GHz, 

try our high current 4310LC 

wideband bias choke.

Learn more and order your  

free evaluation samples 

by visiting us online at:  

coilcraft.com/conicals.

®

from
 this single com

ponent

Ideal for use in Bias Tees, Coilcraft conical inductors offer  

fat bandwidth and high impedance to 40 GHz

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


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


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

proven track record, count on L-3 Narda-MITEQ – your best resource for amplifer solutions.

ready to meet your most complex challenges. When your next project demands an amplifer with a 

offering more than 10,000 catalog products. Providing everything from design to production, we are 

requirements quickly. We are the proven source for standard and customized amplifer solutions, 

experience and an extensive, diversifed amplifer design library, we can meet or exceed your specifc 

L-3 Narda-MITEQ offers more amplifer solutions than any other company. With over 60 years of 

The Largest and Broadest Amplifer Selection

Narda-MITEQ            L-3com.com

L-3 NARDA-MITEQ...

THE ULTIMATE AMPLIFIER SOURCE

http://nardamiteq.com
http://l-3com.com
https://www.facebook.com/L3Com
https://www.linkedin.com/company/l-3
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CST – COMPUTER SIMULATION TECHNOLOGY | www.cst.com | info@cst.com

Components don’t exist in electromag-

netic isolation. They infuence their neigh-

bors’ performance. They are afected by 

the enclosure or structure around them. 

They are susceptible to outside infu-

ences. With System Assembly and Mode-

ling, CST  STUDIO  SUITE helps optimize 

component and system performance.

Involved in antenna development? You 

can read about how CST technology is 

used to simulate antenna performance at

www.cst.com/antenna. 

If you’re more interested in flters, 

couplers, planar and multilayer structures, 

we’ve a wide variety of worked applica-

tion examples live on our website at

www.cst.com/apps.  

Get the big picture of what’s really going 

on. Ensure your product and components 

perform in the toughest of environments.

Choose CST STUDIO SUITE –  

Complete Technology for 3D EM.

Make the Connection
Find the simple way through complex EM 

 systems with CST STUDIO SUITE

http://www.cst.com/antenna
http://www.cst.com/apps
http://www.cst.com
mailto:info@cst.com
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When Signal Integrity and Density Matter...

...you can rely on Carlisle Interconnect Technologies
 to deliver high performance solutions

» New standard multi-port, higher density interconnect products provide low cost 
signal access with excellent signal integrity in complex and crowded applications

» Reduced overall cost with frequency range up to 65 GHz and higher for current and 
future applications

» Custom RF/Digital/Power hybrid interconnnect solutions for unique and demanding 
requirements

Talk to us at DesignCon 2017, Booth 314
Find out more about our interconnect solutions at TMLaunch.CarlisleIT.com

http://tmlaunch.carlisleIT.com
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wireless technology  

connects internet  

to things
http://mwrf.com/systems/wireless-technology-connects-
internet-things

The billions of electronic devices that will comprise the Inter-
net of Things (IoT) universe may one day tell us at a glance all 
we need to know. While some communications systems oper-
ate with physical cables, such as landline telephone networks, 
cable-television (CATV) systems, and power utilities, most 
IoT devices and IoT networks will rely on wireless technology. 
Thus, the choice of said technology will have a great deal to do 
with the success of these IoT networks.

10 december 2016   microwaves & rf
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em simulation 
technologies support 

rfic development 

http://mwrf.com/software/em-simulation-technologies-support-
rfc-development

RF integrated circuits (RFICs) employ a variety of different 
interconnect and passive component geometries. Each requires 
specialized electromagnetic (EM) technology to provide 
accurate modeling in a reasonable amount of simulation run 
time. For example, a transistor feed network may consist 
of a complex network of short traces, best modeled using 
quasi-static techniques for parasitic extraction. On the other 
hand, electrically longer structures require planar or 3D EM 
simulation to capture full-wave behavior.

ldmos rfics gain 

ground in small cells 
http://mwrf.com/analog-semiconductors/ldmos-rfcs-gain-

ground-small-cells

Cellular wireless-communications-link handsets and their 
users throughout the world are often located by large base 
stations, and transmissions from those base stations are 
typically powered by discrete silicon LDMOS RF/microwave 
power transistors. But with increasing use of smaller cells 
to provide wireless coverage at the edges of large cells—in 
shopping centers, airports, and other public places—LDMOS 
RF integrated circuits (RFICs) are supplying the transmission 
power rather than discrete devices. 

microwave energy 

aims to improve 

health
http://mwrf.com/systems/microwave-energy-aims-improve-health 

Microwave technology has long been a powerful partner to 
medical professionals for the treatment of different types of 
cancerous and noncancerous tumors. The application of elec-
tromagnetic radiation (EM) at typically unlicensed frequencies 
(such as 915 and 2,450 MHz) provides a minimally invasive 
method of shrinking tumors by means of localized dielectric 
heating of the water content of tissue masses.
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INNOVATING  
A 5G 
WORLD

SIGNAL CHAIN EXPERTISE  

AND SYSTEM-LEVEL  

KNOWLEDGE TO SOLVE THE 

TOUGHEST 5G CHALLENGES.

Analog Devices has been at the forefront  
of enabling wireless communication 

technologies, up to 4G and LTE/LTE-A.  
As market leaders in data converters,  

RF, microwave and millimeter wave, our  
proven capabilities, antenna-to-bits  

portfolio, and integration expertise will  
help drive the next global wireless  

standard – and build your 5G future.

#ADIahead

EXPLORE MORE ON

analog.com/RFMW

http://analog.com/RFMW
http://www.youtube.com/user/AnalogDevicesInc
http://www.linkedin.com/company/3450
http://www.facebook.com/AnalogDevicesInc
https://twitter.com/adi_news


Mini-Circuits
¨

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

CUSTOM

Whether you need replacement parts or you have a new requirement for VCOs or synthesizers, 

Mini-Circuits is here to support you. 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 needs, as easy 

as 1-2-3!  Reach out to apps@minicircuits.com today, and see why so many customers trust 

Mini-Circuits as the industry’s solid source.

Replacement Solutions for End-of-Life Parts. Custom Designs as Easy as 1-2-3.

554 Rev A

VCO’s and  SynthesizersVCO’s and  SynthesizersVCO’s and  Synthesizers
You Defne It. We’ll Design It.

• VCOs from 3 to 7000 MHz

• Synthesizers from 56 to 7800 MHz

• Thousands of Models in Stock

• Industry-leading design capability

• Reliable supply through the life of your system!

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

Technical Editor

chris.demartino@penton.com

O
ne of the more talked about wireless communication technologies 

for the Internet of Things (IoT) is Narrowband-IoT (NB-IoT). If you 

don’t already know, NB-IoT is a cellular-based narrowband technol-

ogy that uses licensed spectrum.

Although it is integrated in the LTE standard, NB-IoT is actually a new air 

interface. It was standardized by the 3rd Generation Partnership Project (3GPP) 

as part of Release 13 this past June, but development is not expected to stop there. 

And applications for the technology will likely span a broad range, from smart 

metering and smart cities to agriculture and white-goods monitoring.

For the most part, today’s cellular networks are not intended for applications 

that transmit small amounts of data—this is where NB-IoT steps in. NB-IoT is 

intended to be simple and efficient, with objectives that include improving battery 

life and lowering device costs. Another goal is improvement of coverage areas. 

Locations that cannot be reached easily, such as those deep within buildings, 

should reap the benefits of NB-IoT. 

One company deeply involved with NB-IoT technology is u-blox (www.u-blox.

com), as evidenced by its SARA-N2 series of modules. The series is comprised of 

three modules—the SARA-N200, SARA-N201, and SARA-N210—each covering a 

different NB-IoT band. 

On another front, Nokia recently conducted an IoT trial in Finland using NB-

IoT technology. Nokia utilized NB-IoT to enable communication over Sonera’s (a 

Finnish operator) 4G network in Helsinki. In addition, a roaming device was con-

nected over the network using NB-IoT. 

Nokia base-station technology, operating in the 800-MHz frequency band, was 

used by the Sonera network—speeds reached as high as 200 kb/s. The trial results 

clearly proved the significant potential possessed by NB-IoT technology in terms 

of supporting the IoT.

It goes without saying that many wireless technologies are currently in play for 

the IoT. Although time will reveal how it all plays out, NB-IoT is surely one to 

keep close tabs on.  

Narrowband-IoT Proves  
Its Worth

Editorial

join us online

become a fan at facebook.com/MicrowavesRF

twitter.com/MicrowavesRF

mailto:chris.demartino@penton.com
http://www.u-blox.com
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http://mwrf.com
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CABLESCABLES
TMTM

HANDNDHAND

FLEX

from 

$$
99 75

DC to 18 GHzea. (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

-HD

Holiday Discount

*www.minicircuits.com /HOLIDAY2

10% OFF
December Web Orders

*

http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com/HOLIDAY2


Why do 10,000 customers trust Mini-Circuits 

test cables? Because they simply don’t fail!  Our 

test cables have been performance qualifed 

to 20,000 fexures* and come backed by our 

6-month product guarantee**, so you can be 

confdent you’re getting rugged construction, 

reliability, and repeatable performance you can 

depend on. Whether you’re performing production 

test, burn-in, over-temperature testing, hi-rel testing 

– you name it – chances are there’s a Mini-Circuits 

test cable for your application in stock, ready for 

immediate shipment. Order some for your test 

setup at minicircuits.com today, and you’ll quickly 

fnd that consistent long-term performance, less 

retesting and fewer false rejects really add up to 

bottom-line savings, test after test!

 from

$68 95
ea. (qty. 1-9)

507 rev F

up to 40 GHz!TEST CABLES

Mini-Circuits
¨

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

40 GHz

(KBL-Series)(KBL-Series)

Precision 75ΩPrecision 75Ω

(CBL-Series)(CBL-Series)

Precision 50ΩPrecision 50Ω

(CBL-Series)(CBL-Series)

Armored Armored 

(APC-Series)(APC-Series) Ultra-FlexibleUltra-Flexible

(ULC-Series)(ULC-Series)

FlexibleFlexible

(FLC-Series)(FLC-Series)

Precision VNAPrecision VNA
CablesCables

(VNAC-Series)(VNAC-Series)

Reliability You Can Trust…

* All models except VNAC-2R1-K+

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

† Various connector options available upon request. 

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

Model Family Capabilities Freq. (GHz)        Connectors†

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

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

CBL All-purpose workhorse cables for highly-reliable, precision 
50Ω measurement through 18 GHz DC-18 SMA, N

APC Crush resistant armored cable construction for production 
foors where heavy machinery is used DC-18 N

ULC Ultra-fexible construction, highly popular for lab and production
test where tight bends are needed DC-18 SMA

FLC Flexible construction and wideband coverage for point to
point radios, SatCom Systems through K-Band, and more! DC-26 SMA

VNAC Precision VNA cables for test and measurement equipment through 40 GHz DC-40 2.92mm
(M to F)

NEW!

mailto:apps@minicircuits.com
http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
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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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Which came First:  

measure or model?

Te editorial in your November issue 

(“Will Your Design and Test Flow Soon Be 

Obsolete?”) made some interesting points 

about designing and testing. It referred 

to changes about to take place in the way 

RF/microwave products are developed, 

especially with the impact of the Internet 

of  Tings (IoT) market and its potential 

billions of items sold each year. Whether 

at the design stage or in production, these 

mixed-signal devices must be modeled 

and then tested. As someone much wiser 

than me once said, “Time is money,” espe-

cially in terms of modeling and measuring 

high-frequency electronic products. 

I wanted to remind readers that this in-

dustry has already experienced at least one 

“transformation” in the design and test 

fow, when it embraced cellular communi-

cations in the early 1990s. Designers were 

faced with much faster design cycles than 

had been typical of military and aerospace 

applications. Design engineers came 

to lean more on simulation sofware to 

create the circuits necessary for wireless 

communications. 

Today, the use of sofware is almost 

taken for granted as part of the design 

process, and comparisons are ofen 

made between simulated and measured 

performance when prototype circuits are 

assembled. Te device and component 

models contained in commercial CAE 

programs are quite good, but this is a 

belief based on practice and experience. 

How is it possible to know is a sofware 

program’s models are accurate? Aren’t 

measurements critical to developing a 

model and don’t they have to come frst?

Donald Shortell

Editor’s NotE

 Measurements are indeed vital to any 

model, and any efective design and test 

fow hould incorporate ongoing mea-

surements to enhance the accuracy of 

established models.

It might be easier to understand the 

interaction between modeling and mea-

suring in an article on thermal modeling 

elsewhere in this issue. While most RF/

microwave engineers may be familiar 

with EM simulation sofware, not quite 

as many may use thermal modeling sof-

ware. Models may be frst created based 

on physics, but then measurements are 

needed to see how close the equations 

come to reality. Te goal in any design 

and test fow is to narrow the gap be-

tween the modeled and the measured 

curves for a design. When there is only 

one curve, the goal has been met. 

Jack Browne

Technical Contributor

Feedback

Frequency

Range

I.L.(dB)

min.

Coupling

Flatness max.

Directivity

(dB) min.

VSWR

max.

Model

Number

0.5-2.0   GHz 0.35 ± 0.75 dB 23 1.20:1 CS*-02
1.0-4.0   GHz 0.35 ± 0.75 dB 23 1.20:1 CS*-04
0.5-6.0   GHz 1.00 ± 0.80 dB 15 1.50:1 CS10-24
2.0-8.0   GHz 0.35 ± 0.40 dB 20 1.25:1 CS*-09
0.5-12.0 GHz 1.00 ± 0.80 dB 15 1.50:1 CS*-19

1.0-18.0 GHz 0.90 ± 0.50 dB 15      12 1.50:1 CS*-18
2.0-18.0 GHz 0.80 ± 0.50 dB 15      12 1.50:1 CS*-15
4.0-18.0 GHz 0.60 ± 0.50 dB 15      12 1.40:1 CS*-16
8.0-20.0 GHz 1.00 ± 0.80 dB 12 1.50:1 CS*-21
6.0-26.5 GHz 0.70 ± 0.80 dB 13 1.55:1 CS20-50
1.0-40.0 GHz 1.60 ± 1.50 dB 10 1.80:1 CS20-53
2.0-40.0 GHz 1.60 ± 1.00 dB 10 1.80:1 CS20-52
6.0-40.0 GHz 1.20 ± 1.00 dB 10 1.70:1 CS10-51
6.0-50.0 GHz 1.60 ± 1.00 dB 10 2.00:1 CS20-54
6.0-60.0 GHz 1.80 ± 1.00 dB 07 2.50:1 CS20-55

10 to 500 watts power handling depending on coupling and model number.
SMA and Type N connectors available to 18 GHz.
* Coupling Value: 3, 6, 8, 10, 13, 16, 20 dB.

http://www.pulsarmicrowave.com
mailto:sales@pulsarmicrowave.com
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Photo of TR5048 in use at CERN. 
Photo courtesy of Daniel Valuch.
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Built to Help Computers 
Understand Hand Gestures, 
Tiny radars Now identify objects

R
adars are not known for having a keen sense of detail. 

They shoot out radio signals and measure the reflec-

tions, rendering an object’s location as a series of digital coor-

dinates or a pulsating dot on a radar display. Cameras or 

laser scanners are generally better equipped to determine an 

object’s shape or size.

 But in recent years, new advances have improved radars to 

the point where they can generate rough images of the physical 

world. Several companies are making radars that help drones 

and autonomous cars avoid obstacles using specialized mate-

rials and software.

Now researchers in Scotland have further enhanced what 

radars can do—using radar to instantly recognize objects like 

metals and body parts and distinguish between them, accord-

ing to a paper presented at the Symposium on User Interface 

Software and Technology.

To build the classification system, the researchers used a 

miniature radar chip that Google unveiled at its I/O devel-

oper’s conference in 2015. The chip, called Soli, had been 

designed to track slight finger movements, so that people can 

use hand gestures to control computers and smartphones.

But the researchers at St. Andrews University found that 

the radar chip can recognize slight variations in the surface 

and composition of objects placed against it. The radar sig-

nals reflect off objects and materials in unique ways, creating 

something like a digital signature.

(Image courtesy of Infineon Technologies)
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a prototype radio is using new technology to gain access to 

large swaths of wireless spectrum that are not being used to 

their full potential. Built by Qualcomm, it is the latest attempt 

to communize the wireless spectrum used by billions of smart-

phones, tablets, and other devices.

The company recently teased the new radio, which has been 

built to flip between licensed and unlicensed spectrum utilizing 

a technique known as spectrum sharing. With it, the radio lis-

tens into different frequency bands, finds the fastest ones, and 

subsequently allows smartphones and other devices to pluck 

signals from them.

Efficiently sharing spectrum could help address the explosive 

demand for mobile data spurred by new technologies like virtual 

reality and sensor networks in factories. In the view of Qual-

comm executives, it could also form a central part of the next 

generation of wireless technology, also known as 5G.

The 5G New Radio, as the prototype is called, searches up 

and down the wireless spectrum for potential openings. The 

radio can broadcast on frequency bands below 6 GHz, where 

most of today’s devices send communications, and then leap 

into higher bands in the millimeter-wave range.

The concept of sharing spectrum faces uncertain regula-

tory hurdles, though. Wireless carriers pay billions for exclusive 

rights to thin slices of radio spectrum, and many might not want 

to surrender those rights. The government, for its part, will likely 

have to keep a database of different spectrum bands, a kind of 

traffic report, that devices will review before picking a channel. 

The database would also keep track of which bands are off-

limits or used by the military.

One of the biggest concerns, however, is that sharing 

spectrum might cause interference. Qualcomm has endorsed 

an array of controversial technologies that break from their 

prescribed frequency bands to increase download speeds. A 

technology known as LTE in the unlicensed spectrum, or LTE-U, 

has been at the epicenter of the controversy, accused for barn-

storming the same spectrum used by Wi-Fi and interfering with 

its signals.

There have been attempts at compromise. Many companies 

have agreed to conduct tests that could shed light on what the 

industry has dubbed a “peaceful coexistence.” But Qualcomm 

has argued that the compromises are inherently biased against 

LTE-U, and that the technology is being asked to provide 

unnecessary protections for Wi-Fi that it won’t reciprocate.

Qualcomm says that it has installed fail-safes, including what 

is known as listen-before-talk technology. Like knocking before 

opening a bathroom door, it checks Wi-Fi channels for traffic 

before allowing smartphones to send messages or stream video 

over the same spectrum. Qualcomm’s prototype is said to have 

the same technology.

The prototype is based on the sub-gigahertz and millimeter-

wave radios that Qualcomm unveiled earlier this year. It will be 

used for technology development in 2017, Qualcomm said in a 

statement. It will start field trials after that, though the company 

didn’t specify when. n

The system, also known as Radar Categorization for Input 

& Interaction or RadarCat, trains itself with machine-learning 

algorithms to read those signatures and assign them to an 

object. It has been shown to instantly identify things like 

sponges and smartphones, differentiate between copper and 

steel, and tell if a glass of water is empty.

The researchers demonstrated the system in a video accom-

panying the paper. RadarCat can be used to create an object 

dictionary, allowing shoppers to compare the nutrition infor-

mation of different fruits or the specs of different smartphone 

models. The researchers also suggest using it to speed up 

checkouts at supermarkets or separate recycling.

They also showed that the system could recognize body 

parts, allowing smartphones or other devices to use them like 

hot keys. They explained that touching the radar on the back 

of your wrist could open a watch app. Placing the radar against 

your stomach might launch a food-delivery app like Uber Eats.

Meanwhile, the Soli radars are several months from being 

put on the market. Infineon, which partnered with Google to 

build the chip, has said that it expects samples to be available 

in the first half of 2017 and production devices to go on sale in 

the second half. n

(Image courtesy of Thinkstock)

Qualcomm Teases a Prototype Spectrum-Sharing Radio

http://mwrf.com
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AN ANTENNA That Tethers Cars to Their Surroundings

ETHERTRONICS HAS TAKEN a well-thumbed page from the wire-

less industry’s playbook.

The chipmaker announced that it would start selling an 

antenna that tethers cars wirelessly to things like traffic lights 

and other vehicles, recycling technology it first created for 

threading wireless signals inside and out of smartphones.

The San Diego-based company says it has shipped around 

1.4 billion antennas for linking smartphones and myriad other 

devices to cellular networks. But the announcement pushes it 

deeper into the hot market for automotive chips. New systems 

are being developed to upload driving data to the cloud and 

send automatic software updates to cars.

Over the last few years, wireless companies like Ethertronics 

have enshrined automotive electronics as the next big thing. 

Qualcomm and Skyworks Solutions, who blossomed making 

the intestines of smartphones, have also repurposed their wire-

less chips for cars.

The new antenna, which debuted at the electronica trade 

show in Munich, Germany, is capable of what is called active 

steering. It plots out multiple paths over which information can 

travel. An algorithm samples and switches between them, pick-

ing the fastest and most reliable one out of the bunch.

It is designed for vehicle-to-everything—also known as 

V2X—communication devices that give cars a more detailed 

and instantaneous view of their surroundings. The hardware 

allows cars to broadcast their position and speed to almost 

everything, like construction equipment and smartphones in 

pockets of people walking on the sidewalk, and vice versa.

That includes connecting cars with other vehicles on the 

road. Such systems could allow vehicles to detect cars around 

corners or hidden in a snowstorm that a human driver would 

not see. V2X is considered a vital part of autonomous cars, 

which depends on a combination of cameras, lasers, and radar 

sensors to drive without human intervention.

Ethertronics said that its antennas can cycle between wire-

less signals every few milliseconds, eliminating blind spots in 

coverage and better navigating crowded networks. The tech-

nology also helps the antenna hit devices on the fringes of a 

network or hidden behind walls.

The company has embedded the same technology inside 

antennas for smartphones, home routers, and sensors. Found-

ed in 2000, the company has signed deals with manufacturers 

as large as Samsung and as small as Switzerland’s Sirin Labs, 

the maker of the $17,000 smartphone.

The new antenna is designed to be mounted on the exterior 

of the vehicle. The EtherDSRC—which nods at the dedicated 

short-range communications being tested for connected 

cars—exhibits 5-dB peak gain and is controlled digitally from a 

single radio cable.

It is capable of transmitting data over the spectrum that the 

United States and Europe reserved for V2X devices. The com-

pany has also developed an embedded version of the chip, 

which operates over the same frequency bands and features a 

4-dB maximum gain. 

(Image courtesy of Nissan)
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   RF COMPONENTS ON DEMAND.

For years, analog Devices has been 

shifting toward chips that manage power 

and condition sensors inside cars and 

factory equipment. Now, the Norwood, 

Mass.-based chipmaker is moving deep-

er into technology for sharing information 

between devices.

The company has acquired Innovasic, 

a maker of Ethernet chips that act like 

tiny switchboards inside large networks 

of devices, such as factory robots or 

security cameras. The financial terms of 

the deal were not disclosed.

Innovasic, which was founded in 

1992, started out making replacement 

chips for products no longer manu-

factured by companies like AMD and 

Intel. The New Mexico-based company 

focused on creating products with long 

lifetimes, since industrial equipment is 

not typically updated as often as con-

sumer electronics.

It still does that work, but now it also 

creates its own unique microcontrollers 

for coordinating robotic arms in an 

assembly line or connecting sensors 

inside a vehicle’s gas tank with the fuel 

gauge. It also makes the software for 

processing all that data in real time.

“In environments such as automotive 

manufacturing, where teams of robots 

are working in tandem in harsh and noisy 

conditions, our automation customers 

demand robust, synchronized, network 

technology,” said Kevin Carlin, general 

manager of Analog Devices’ automation 

business, in a statement.

Innovasic is mostly known for its Fido 

networking chips, which shift real-time 

software capabilities into hardware. 

That makes them useful in applications 

where precise timing is important, like 

deploying airbags or filling soda bottles 

in a factory. Innovasic sells the chips to 

companies like Rockwell Automation and 

Schneider Electric.

Ensuring that an entire network 

can make split-second decisions has 

become an increasingly vital part of 

industrial chips. Intel’s new Atom proces-

sors, the E3900, include what the chip-

maker calls time-coordinated computing, 

which synchronizes an entire network 

of connected devices to achieve timing 

accuracy within a microsecond.

Innovasic will be folded into Analog 

Devices’ Industrial Automation Busi-

ness unit. “With this acquisition, ADI is 

now able to offer its customers a path 

forward from the sensor to the con-

nected future of Industrial IoT,” said 

Carlin. n

With Acquisition, Analog Devices Continues 
Move Toward IIoT

RAytheon enhAnces Gan for the USAF

raytheon co. recently received a $14.9 

million contract from the United States 

Air Force Research Laboratory and the 

Office of the Secretary of Defense to fur-

ther enhance its process for fabricating 

discrete devices and monolithic integrated 

circuits (ICs) based on gallium-nitride 

(GaN) semiconductor materials. These 

wide-bandgap materials are capable of 

producing high signal power levels at 

microwave through millimeter-wave fre-

quencies with relatively high efficiency.

The new contract agreement follows a 

previous GaN Title III contract, complet-

ed in 2013, with the additional invest-

ment intended to improve performance, 

reliability, and yield of the high-power 

microwave semiconductors. The high-

power GaN devices are used in a wide 

range of defense circuits and systems, 

including radars as well as the U.S. 

Navy’s Air and Missile Defense Radar 

and Next Generation Jammer.

Colin Whelan, vice president of 

advanced technology in Raytheon’s 

Integrated Defense Systems business 

unit, explains: “We have only scratched 

the surface when it comes to harness-
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ing the game-changing power that gallium-nitride technology 

can bring to military applications.” For the progress that the 

new contract now makes possible, he notes: “This contract 

will build on the 17-year, $200-plus million investment Ray-

theon has made in maturing GaN. Over the next two years, 

we will further refine our GaN process to push the limits of 

radio frequency performance while maintaining or increasing 

yield and reliability.”

The first demonstrator of this technology will be incorporated 

into Raytheon Space and Airborne Systems’ Next Generation 

Jammer program, which is scheduled for low-rate initial pro-

duction in 2018. n

The Canadian deparTmenT of Nation-

al Defense (DND) will be enhancing 

communications capabilities onboard 

its fleet of CP-140 Aurora long-range 

patrol aircraft by way of several of its 

equipment suppliers. The MDM9000 

satellite modem, designed and 

manufactured by Newtec, has been 

selected by General Dynamics Mis-

sion Systems-Canada for use on the 

Canadian Aurora fleet as part of its 

Aurora Incremental Modernization 

Project Block IV upgrades. 

The CP-140 Aurora aircraft are 

used over land and sea for a wide 

range of applications, including intel-

ligence, surveillance, and reconnais-

sance (ISR) and search-and-rescue 

(SAR) missions. The fleet, which helps 

patrol Canada and North America, 

will be improved through the addi-

tion of the  MDM9000 ruggedized 

airborne modems. These are capable 

of high-data-rate (HDR) and beyond-

line-of-sight (BLOS) communications 

between an aircraft and the DND 

ground network using DVB-S2X and 

S2 waveforms.

The modems are compliant with 

DO-160 and MIL-STD-810E stan-

dards and will contribute to superior 

communications capabilities on 

Wideband Global Satcom (WGS) 

satellite constellations. They oper-

ate at L-band transmit and receive 

frequencies and can achieve rates to 

133 Mbaud. An airborne MDM9000 

modem communicates with a similar 

unit on the ground. n

Canada StrengthenS 

airborne  

Communications
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I
ncreasing numbers of electronic devices implies 

increasing amounts of consumed electrical power and 

a greater need to conserve power in electronic de-

vices. For that reason, Faycel Fezai, a hardware engineer 

with Thales Air Systems, France, and co-researchers from 

various locations throughout France, propose an efficient 

RF-based energy-transfer system and RF-to-dc conversion 

circuit and switch with the ability to “wake up” commer-

cial and industrial electronic devices as needed. The tech-

nology employs an integrated emitter and receiver work-

ing in the industrial-scientific-medical (ISM) frequency 

range from 2.40 to 2.48 GHz.  

The researchers set an energy-consumption limit at 1 

mW for electronic devices. They based their system so-

lution on antennas with easily tuned radiation efficiency 

and a receiver without a direct power supply that has a 

rectifying circuit optimized for low RF power levels. In ad-

dition, the solution is coupled to a self-maintained switch. 

The system’s intent is to be able to wake up an electronic 

device from a distance of 5 m by means of some form of 

remote-control device.

The emitter is based on a commercial transceiver from 

Texas Instruments (www.ti.com) used with a lithium-

polymer (LiPo) battery. The transceiver’s output is con-

nected to a commercial power amplifier with 29-dB gain 

and then to an antenna. 

Although the amplifier normally exhibits power con-

sumption of 600 mA, the RF emissions for the transceiver 

system are based on a 10% duty cycle consisting of a 20-ms 

burst repeated three times during a 200-ms period. The re-

searchers note that this particular amplifier and duty cycle 

were chosen for the benefits of gain, energy consumption, 

and cost in a commercial marketplace, with an expected 

operating lifetime of two years. 

A parasitic-element antenna was developed for the 

transceiver using the same commercial printed-circuit-

board (PCB) material as the transceiver circuitry. Adding 

surface-mount-technology (SMT) components to the PCB 

tuned the antenna pattern; then, commercial computer-

aided-engineering (CAE) software programs, such as 

MATLAB from MathWorks (www.mathworks.com) and 

CST Microwave Studio from Computer Simulation Tech-

nology (www.cst.com), were used to design and optimize 

the antenna. The compact antenna aided the wake-up cir-

cuit’s effectiveness by means of a maximum gain of 5.75 

dBi across a 200-MHz bandwidth from 2.4 to 2.6 GHz in 

the main radiated direction of interest (0°). 

See “Reducing Electronic Device Standby Power Using 

a Remote Wake-Up System,” IEEE Antennas & Propaga-

tion Magazine, Vol. 58, No. 5, October, 2016, p. 66.  

Remote Wake-Up SyStem SaveS Standby poWeR

micRoWave photonicS enhanceS RadaR peRfoRmance

RadaR spatial Resolution  is essential when trying to 

identify more than one radar target simultaneously. To en-

hance the spatial resolution of a radar system, designers 

can apply waveform processing or use multiple antennas 

in multiple-input, multiple-output (MIMO) techniques. As an 

alternative approach, Moshe Mizrahi of the Department of 

Electrical and Computer Engineering, Bar-Ilan University, 

Ramat-Gan, Israel, and the Department of Electrical and 

Electronic Engineering, Ariel University, Israel, and fellow re-

searchers based in Israel developed a technique that draws 

upon optical imaging.  

In their approach, the size of the optical imaging lens is the 

same as the aperture of the radar antenna. The new method 

provides improved radar spatial resolution through frequen-

cy coding—various parts of the radar target are illuminated 

with different microwave frequencies using a transmission 

antenna array. 

The array transmits the full frequency spectrum of interest, 

but portions of the frequency spectrum are used to illuminate 

different parts of the radar target. The received signals are 

processed to identify the different parts of the illuminated tar-

get with improved spatial resolution. The optical sensor works 

in collaboration with the frequency techniques, with the num-

ber of pixels in the optical sensor equivalent to the number 

of different frequency channels used for the radar detection. 

Modeling performed with commercial electromagnetic 

(EM) simulation software showed the effectiveness of the 

new approach in detecting and differentiating four sepa-

rate metallic targets in an experimental test setup. It was 

compared against a standard radar, which had diffculty 

in simultaneously detecting three different targets over the 

same test range. For radar experiments performed over a 

bandwidth of 4 GHz, the frequency-selective, optically aid-

ed process shows great promise as a means of improving 

the spatial resolution of radar systems for both one-dimen-

sional (1D) and two-dimensional (2D) radar target data. 

See “Improving Radar’s Spatial Recognition,” IEEE Micro-

wave Magazine, Vol. 17, No. 10, October 2016, p. 28. 
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Chris DeMartino | Technical Editor

To support advancing technology, suppliers of test-and-measurement equipment are 

delivering solutions that reach even greater heights.

5 Talking Points in  
Test & Measurement

As wireless technology continues to invade our 

lives, suppliers of test-and-measurement equipment 

must keep up by offering the proper test solutions to 

meet todayÕs needs. And the same suppliers must also 

think in terms of the future, with 5G obviously being on 

the minds of many. 5G and other applications are clearly 

setting the stage for even higher-frequency test solutions, 

which is currently a major focus of several suppliers. 

TodayÕs other trends include compact, portable instru-

ments that allow for flexibility while still delivering qual-

ity performance. Moreover, some other developments are 

worthy of attention as well. 

With all of that being said, here are five recentÑand 

potentially futureÑdevelopments to take note of when it 

comes to high-frequency test and measurement: 

1. HigHer-Frequency TesT soluTions

Delivering higher-frequency test solutions is clearly a high 

priority of a number of suppliers of test-and-measurement 

equipment today. There is no question that 5G is a major rea-

son for this activity, with millimeter-wave frequencies being 

linked to 5G. However, other applications besides 5G are 

utilizing these higher frequencies, too. Automotive radar and 

IEEE 802.11ad, for example, both operate at millimeter-wave 

frequencies. Therefore, with the growing usage of millimeter-

wave technology, test solutions must be available that can 

effectively satisfy higher-frequency requirements. 

One company that is focused on providing millimeter-wave 

test solutions is Rohde & Schwarz (www.rohde-schwarz.com). 

The company is at the forefront of 5G development, as proven 

by instruments like the SMW200A vector signal generator 

(VSG) and the FSW85 signal and spectrum analyzer (Fig. 1). 

The SMW200A can generate signals at frequencies as high 

as 40 GHz. It can also deliver modulated signals with band-

widths as high as 2 GHz, when external in-phase/quadrature 

(I/Q) signals are provided. The FSW85 covers frequencies 

ranging all the way to 85 GHz. Recently, both the SMW200A 

VSG and FSW signal and spectrum analyzer were successfully 

used for 5G signal generation and analysis based on VerizonÕs 

5G specifications.

In addition, Rohde & Schwarz recently unveiled its NRPM 

over-the-air (OTA) power measurement solution, which cov-

ers frequencies ranging from 27.5 to 75 GHz. The NRPM OTA 

measurement solution is intended to test 5G, IEEE 802.11ad, 

and IEEE 802.11ay signals.

Beamforming is a technique used to control the direction 

of radiation. When utilizing beamforming, the transmitted 

power must be measured over the air. In addition, the actual 

beamforming performance needs to be verified. The NRPM 

measurement solution is designed to calibrate the transmit 

antenna output power and test the beamforming function.

The NRPM power measurement solution includes 

the NRPM-A66 single-polarized antenna module and the 

NRPM3 three-channel sensor module. The NRPM-A66 is 

a Vivaldi antenna with an integrated diode detector, which 

allows for power measurements. The NRPM3 processes the 

measured values from as many as three NRPM-A66 modules, 

and is connected to a PC by an interface cable.  

Special Report

1. This VSG can generate signals at frequencies as high as 40 GHz. 

(Courtesy of Rohde & Schwarz)
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For its part, Anritsu (www.anritsu.com) is also delivering 

higher-frequency test solutions. For instance, the company’s 

MS2840A signal analyzer and MA2808A waveguide mixer can 

be used together, enabling measurements to be performed at 

E-band frequencies. This combination yields a phase noise at 

79 GHz of -100 dBc/Hz at 10-kHz offset, making it well suited 

for automotive radar applications.

2. BeTTer -PerforMing AWgs

Recently introduced arbitrary waveform generators (AWGs) 

are offering increased functionality, as suppliers are striving to 

meet a wide range of needs. For example, RIGOL Technologies 

(www.rigolna.com) recently expanded its DG1000Z series of 

function/arbitrary waveform generators by introducing the 

new DG1022Z model (Fig. 2). The DG1022Z provides users 

with a number of features, including eighth-order harmonic 

generation, support of various modulation types, and much 

more. “With the DG1022Z’s built-in harmonic generation 

capability, engineers are able to test a wide array of filtering 

techniques,” says Daniel Monforte, applications engineer at 

RIGOL Technologies.

The DG1000Z series utilizes RIGOL’s SiFi technology, which 

allows true point-to-point arbitrary waves to be created. Mon-

forte notes, “With our SiFi sampling technology, the DG1022Z 

creates complex arbitrary functions with ease and high sig-

nal fidelity, whether the goal is injecting a specific spectral 

noise profile or emulating baseband data. When paired with a 

RIGOL DSG3000 series RF source, the DG1022Z can be used 

to generate long series’ of in-phase/quadrature (I/Q) modu-

lated signals on a carrier. Hence, the DG1022Z enables testing 

of low-frequency RF modulation and emulation applications.”

In addition to the new DG1022Z, the DG1000Z series con-

sists of the DG1032Z and DG1062Z models. The DG1022Z 

has a maximum output frequency of 25 MHz for sine waves 

and square waves. Additionally, the DG1000Z series supports 

a number of modulation types, including amplitude modula-

tion (AM), frequency modulation (FM), phase modulation 

(PM), amplitude shift keying (ASK), frequency shift keying 

(FSK), phase shift keying (PSK), and pulse-width modula-

tion (PWM). The DG1000Z generators also contain a large 

number of built-in waveforms, allowing quick access to pre-

defined signals. 

Earlier in the year, Tektronix (www.tek.com) introduced 

its AWG4000 series waveform generation platform, which 

has two operation modes. The first is Basic mode, in which 

the AWG4000 operates as a two-channel arbitrary function 

generator (AFG). In this mode of operation, sine waves can 

be generated at frequencies as high as 600 MHz. In Advanced 

mode, the AWG4000 functions as an AWG with both analog 

and digital channels for complex waveform generation. 

3. UsB-BAsed sPecTrUM AnAlyzers

The spectrum analyzer has traditionally been a benchtop 

instrument. While traditional spectrum analyzers are not 

going to disappear anytime soon, several suppliers are now 

offering compact USB-based spectrum analyzers that possess 

their own advantages. Such instruments are particularly ben-

eficial to meet the needs of the Internet of Things (IoT).

“The IoT is a primary driver in microwave and RF design 

today, and by extension a key driver in test-and-measurement 

instrumentation,” says Matthew Maxwell, product manager 

of spectrum analyzers, Tektronix. “With the IoT comes expo-

nentially increasing numbers of devices from thousands of 

manufacturers and a proliferation in wireless standards and 

proprietary protocols—more than 20 currently. 

“We’re seeing a growing need for engineers to have RF 

design experience—and the time-to-market windows keep 

shrinking,” he adds. “Systems are being designed and built for 

a broad range of products, so test instrumentation versatility 

is vital.”

Simply put, the increasing amount of IoT devices requires 

companies to have a larger number of test instruments. 

More test instruments obviously come at a large 

cost. However, Maxwell believes that USB-based 

spectrum analyzers can remedy the situation. 

In comparison to traditional instruments, USB-

based instruments are a cost-effective solution for 

today’s needs. 

“Traditionally, RF experts shared expensive high-

end equipment,” he explains. “This was because few 

organizations could afford to buy more than one or 

two high-end instruments, and low-end signal ana-

lyzers lacked the necessary capabilities. This situa-

tion is now changing with the recent introduction of 

USB-based spectrum analyzers. USB-based RF test 

instruments possess fundamental advantages over 

their traditional desktop equivalents. In addition to 

signal capture circuitry, desktop spectrum analyzers 

2. This waveform generator can generate eighth-order harmonics. (Courtesy of 

RIGOL Technologies)
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must also include a full PC, adding considerable cost and com-

plexity to the instrument.

“In contrast, the USB-based spectrum analyzer eliminates 

this cost from the instrument itself and simply takes advan-

tage of the processing power sitting on the lab bench of every 

engineer or spectrum manager. USB-based instruments are 

controlled from PC-based software, and offer full real-time 

capture and advanced analysis capabilities in a compact pack-

age. In terms of price, organizations can now afford to buy 

10 to 20 USB-based spectrum analyzers for the same price as 

one $50,000 or $100,000 instrument—and get similar analysis 

capabilities.”

Among the USB-based spectrum analyzers currently 

offered by Tektronix is the RSA306B (Fig. 3). The RSA306B 

covers a frequency range of 9 kHz to 6.2 GHz and has an 

acquisition bandwidth of 40 MHz. Its portable package makes 

it well suited for use in the field, as well as factories and aca-

demic institutions.

4. PXI

PXI has been adopted by a number of manufacturers, allow-

ing them to build scalable test systems. Of course, National 

Instruments (NI; www.ni.com) is one company that is associat-

ed with PXI. Earlier this year, NI made headlines by unveiling 

its second-generation vector signal transceiver (VST), which 

offers as much as 1 GHz of instantaneous bandwidth.

Other players in the PXI space include Pickering Interfaces 

(www.pickeringtest.com), which offers a range of RF/micro-

wave PXI switch modules that cover frequencies as high as 

65 GHz. The company recently introduced its new 60-104 

two-slot chassis, which can support one or two 3U-high PXI 

switching modules. And earlier in the year, the company 

expanded its line of RF multiplexers with the introduction of 

the 40-760 series. This series of multiplexers covers frequen-

cies ranging to 600 MHz.

5. A New workflow

One additional point to take note of is not actually a trend 

in terms of current test-and-measurement equipment, but 

rather a potential change in regard to how test and design will 

be integrated in the future. According to Jack Sifri, MMIC/

module design flow specialist at Keysight Technologies (www.

keysight.com), “A dramatic shift is underway in the electronics 

design and test industry. Traditionally, a design flow has been 

pretty linear: Measure components and create models; use the 

models to design and simulate a circuit; then test the proto-

type. Each stage is separate and distinct.” 

As technology advances, Sifri believes the traditional work-

flow will change significantly. He adds, “We are headed toward 

a revolution, moving from the traditional flow toward one that 

will require an entirely new level of integration to design and 

verify the new systems of the future. 

“The world is changing right in front of our eyes,” he contin-

ues. “We see it in 5G, IoT, and modern radar systems. Instead 

of single channels, or even simple multiple input, multiple out-

put (MIMO) configurations, the world is moving to massive 

phased array systems. Bandwidths have exploded from a few 

tens of MHz to multiple GHz. Carrier frequencies have moved 

from RF and low microwave to well into millimeter-wave. 

These technologies will change the way we work. Design and 

test are moving to an entirely new level of integration. These 

factors combine to break the traditional ‘model, simulate, 

measure’ flow that has served us so well in the past.”

Sifri believes that test will increase in complexity as the sys-

tems themselves become more complex. As a result, test-and-

measurement will be more interwoven with the actual design 

process. He explains, “The most powerful compute farms 

simply will not have the horsepower to model the systems. As 

the systems become more complex, the tests that are needed 

to verify performance also become more complex. Applying 

modern computer science to this problem will dramatically 

reduce that time. Instead of designing test sequentially (and 

redundantly), simulation and measurement configurations 

will be driven by common databases. Thus, design will be 

even more inextricably connected with test. Our design/sim-

ulation software and test equipment provide a full solution for 

the engineering community to embrace this new design and 

test workflow.”

CoNClusIoN

To summarize, test-and-measurement suppliers are clear-

ly focused on delivering new solutions to ever-advancing 

requirements. No doubt, delivering higher-frequency test 

solutions is a primary objective of some suppliers. 5G is play-

ing a large role in these efforts, but other applications are 

utilizing higher frequencies as well. Both USB- and PXI-based 

instruments are heavily counted on, offering various ben-

efits like cost, portability, and scalability. Lastly, technology 

advances have the potential to impact the overall role of test in 

future workflows. With all of this being said, it is clear that we 

can expect to continue seeing innovative test-and-measure-

ment solutions. 

3. This spectrum analyzer 

offers measurement  

capability to 6.2 GHz.  

(Courtesy of Tektronix)
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jack browne | Technical Contributor

Thermal modeling of high-frequency electronic circuits 

must take into account the thermodynamic differences 

among circuit-board materials, their components, and 

the packages that hold them. 

Tracking Effects of 
Temperature

Thermal modeling is becoming a more important part of the 

electronic design process, especially with increasing efforts to 

pack more power into smaller electronic devices. Quite simply, 

power = heat. Where power is generated or transferred, any form 

of loss will result in the production of heat. For the preservation 

of an electronic design, the heat must be efficiently removed. 

Thermal modeling is a way to predict where the heat comes 

from, how much must dissipated, and where it will go. 

Dissipating heat has long been an essential requirement in 

high-power systems, such as radar and communications trans-

mitters. High-power components like amplifiers and antennas 

are usually surrounded by robust heat sinks made of thermally 

conductive metals to draw heat away from a source, such as a 

traveling wave tube (TWT) in a vacuum amplifier or the transis-

tors in a solid-state amplifier. 

Thermal management for these larger systems has relied on 

tried-and-true methods and heat sinks with well-established 

thermal profiles based on their material compositions. Metals 

like stainless steel and copper have the excellent thermal con-

ductivity needed to provide a low-thermal-resistance path for 

the flow of heat away from the source, preventing the buildup of 

potentially damaging “hotspots” on the thermal source. 

However, as the general trend in electronics is leading toward 

packing higher power levels into smaller package sizes, thermal 

management becomes more challenging, and thermal modeling 

becomes a more valuable tool in the design process. For example, 

with the increase of active devices based on gallium nitride 

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

technologies, more high-frequency solid-state devices are avail-

able with higher power densities. This requires a combination 

of imaginative thermal modeling and precise thermal measure-

ments to better understand how heat can best be removed from 

such high-power-density sources. 

Heat can be removed from a source via three modes of heat 

transfer: radiation, convection, and conduction. Heat radiation 

from an area of high thermal energy to an area of lower thermal 

energy in an electronic design benefits from good air flow, often 

aided by a fan (although this is not a practical solution for minia-

ture designs).  Convection of heat involves the movement of flu-

ids to transfer heat, such as in an automotive radiator. For smaller 

electronic designs, conduction—the flow of heat through sol-

ids—is the main method of removing heat from a source. 

Developing thermal models for electronic circuits, devices, 

and their packages requires fundamental knowledge of the ther-

mal resistances of the different materials used in these compo-

nents, as well as other parameters related to thermal behavior. 

The latter includes the coefficients of thermal expansion (CTE) 

for different materials used in electronic design. 

Printed-circuit-board (PCB) materials suppliers, for example, 

have invested significant time in understanding the thermal 

properties of the various dielectric materials that comprise their 

circuit materials, such as ceramic, fiberglass, and polytetraflu-

ouroethylene (PTFE) materials, along with the thermal con-

ductivities of metallization (such as copper) used to form the 

circuit traces on the PCBs. At higher power levels and densities, 

accurate knowledge of the thermal properties of each material, 

along with stress points at junctions between different materials, 

can provide insights into the behavior of the circuit materials 

over time and temperature. 

In addition, since the dielectric constant of PCB materials 

Engineering Essentials

1. The COMSOL 

Multiphysics suite 

of design software 

tools includes a ther-

mal module with models for 

more than 2,500 different materials. 

(Image courtesy of Comsol)
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changes as a function of temperature, circuit material developers 

typically model and measure their materials to precisely track 

the behavior of dielectric constant with temperature. Doing so 

enables circuit designers to incorporate that knowledge as part of 

their own circuit simulations. 

Semiconductor-device developers have also investigated the 

thermal properties of the metal and semiconductor materials 

that comprise high-power-density devices, such as GaN and 

silicon-carbide (SiC) transistors. Special attention is paid to any 

material interfaces where thermal stresses may occur, since these 

interfaces can determine the ultimate reliability and lifetime of a 

semiconductor device at high power levels and densities.  

Taking ThE TEmpEraTurEs

Before a thermal model can be developed for any material 

or combination of materials, it is useful to know the amount of 

heat that will result under different operating conditions, which 

requires reliable thermal measurements. As electronic dimen-

sions to be measured shrink in size, researchers grappling with 

developing thermal models face the challenges of performing 

accurate thermal measurements on micron-sized component 

features (e.g., transistor gates, drains, and sources). 

The temperatures of electronic devices and circuits can be 

measured by contact or noncontact methods, although noncon-

tact methods are usually preferred. Device developers have also 

incorporated built measurement tools into their designs, such as 

temperature-sensing diodes, to provide readings of temperature 

at or near the active device. However, external thermography 

systems are generally employed for reading the temperature of 

an active device and examining the effectiveness of circuit junc-

tions, heat sinks, and packaging used along with that device to 

dissipate heat. 

For example, infrared (IR) thermography can provide images 

of thermal gradients across the surface of a circuit or device, 

although it typically lacks the resolution needed to study hotspots 

in micron-sized areas. For thermal measurements on device-

sized dimensions, Raman scattering has been widely used. In 

this process, the temperature of a micron-sized surface is studied 

by irradiating the surface with monochromatic light, and then 

gauging the temperature by amount of shift in the irradiated light 

reflected from the thermal source.

Software tools for analyzing thermal effects have included 3D 

finite-element-analysis (FEA) electromagnetic (EM) simulation 

tools with thermal software modules, as well as dedicated ther-

mal-analysis tools. Software using FEA predicts the mechanical 

effects of heat and thermal transfer on mechanical structures, 

including semiconductor-scale structures. Although FEA and 

thermal-analysis programs are sometimes considered com-

petitive approaches to thermal analysis, they are complementary 

tools that can work well together to analyze thermomechanical 

stresses in electronic circuits and devices. 

Some of the leading suites of RF/microwave design programs, 

such as the Advanced Design System (ADS) software from Key-

sight Technologies (www.keysight.com) and CST Microwave Stu-

dio from Computer Simulation Technology (www.cst.com), have 

been used in different ways for thermal analysis (e.g., analyzing 

current densities in active and passive components), although 

they lack nominal thermal-analysis programs. 

One of the better-known software solutions for thermal analy-

sis on the FEA side is FloTHERM from Mentor Graphics (www.

mentor.com), which is readily integrated with electronic-design-

automation (EDA) software tools for simultaneous modeling of 

circuit and device performance with thermal analysis. It clearly 

shows where different objects are connected in a design as well 

as all of the thermal interfaces, and includes an extensive device 

database. The thermal-modeling software can be used to predict 

thermal effects at the device, circuit, and system levels. 

Long-time suppliers of high-frequency simulation tools like 

ANSYS (www.ansys.com), known for its FEA-based HFSS EM 

simulation software, have also developed software-analysis tools 

for thermal modeling. ANSYS’ Icepak can perform electronics 

cooling simulation and thermal analysis at chip-scale-package, 

circuit, and system levels. Like FloTHERM, Icepak is based on 

computation-fluid-dynamics (CFD) technology and simulation 

of heat flow according to fluid motion. 

The CFD modeling approach is quite effective at predict-

ing heat flow within a circuit or device, and how heat can be 

transferred from a thermal source. Icepak can provide thermo-

mechanical stress analysis of active devices in different styles of 

packages, and can link to EM simulation software tools such as 

HFSS to study thermal effects on RF/microwave performance 

and EM behavior. EM analysis is combined with thermal analy-

sis to predict reliability parameters—e.g., mean time to failure 

(MTTF). 

COMSOL Multiphysics (www.comsol.com) is a suite of soft-

ware simulation tools that includes a heat-transfer module for 

modeling thermal transfers in solids and fluids (Fig. 1). Users 

gain the benefit of an extensive database of solids and fluids, 

2. The SYMMIC thermal-analysis software provides templates for 

quick design of PCBs.  (Image courtesy of CapeSym)
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with data or algebraic solutions for more than 2,500 different 

solid materials for thermal modeling. Users can also import 

thermodynamic and other material data from spreadsheets for 

creating their own thermal models. The Master RF Design Suite 

from CAD Design Software (www.cad-design.com) allows users 

to customize their combination of PCB software design tools, 

including a thermal-modeling module.

Developed specifically for thermal modeling, SYMMIC 

thermal-analysis software from Cape-

Sym (www.capesym.com) is an easy-to-

use program for the design-stage thermal 

analysis of high-power RF/microwave 

components. It can be used to analyze 

the heat generation and dissipation from 

individual transistors, as well as from 

complete monolithic microwave inte-

grated circuits (MMICs). The SYMMIC 

software can be integrated with popular 

commercial RF/microwave simulators 

like Microwave Office from AWR Corp. 

(www.awrcorp.com) and the Advanced 

Design System (ADS) software from Key-

sight Technologies. 

SYMMIC starts with predefined tem-

plates of active and passive devices in dif-

ferent circuit configurations that can be 

reconfigured to match a desired circuit 

layout (Fig. 2). The templates are based on 

3D FEA heat-transfer studies and can be 

readily modified for the thermal analysis 

of many different MMIC parameters. 

Thermal modeling and analysis need 

not be costly, as evidenced by the acces-

sibility of the Sauna thermal-modeling 

software package from Thermal Solutions 

(www.thermalsoftware.com). Although 

the simple-to-use software is ideal for 

performing fast thermal analysis on cir-

cuit components such as heat sinks, it can 

also be used for thermal modeling of full 

PCB representations of a design on FR-4 

and other circuit materials (Fig. 3). 

Sauna includes a library of different 

standard pin and drop-in packages and 

package pad layouts, and allows a user to 

create custom packages for thermal mod-

eling. The software contains 3D modeling 

capability to create any of the geometries 

and multilayer PCBs needed for transient 

thermal analysis, steady-state analysis, or 

thermal studies based on specific on/off 

duty cycles. 

3. The Sauna thermal-

modeling software can 

analyze thermal effects 

for individual compo-

nents as well as full 

PCBs.  (Image courtesy  

of Thermal Solutions Inc)
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Industry Trends

RF/micRowave simulation soFtwaRe has become an 

increasingly important aspect of today’s design process. Any-

one tasked with designing RF/microwave filters knows how 

critical software is in meeting design goals, especially in terms 

of customization. Today, a variety of software tools is available 

to help achieve those filter-design objectives. 

One effective approach is the direct-synthesis technique, 

which enables a designer to manage the location of transmis-

sion zeros. As a result, filters are able to be designed with cus-

tomized rejection responses. 

This article discusses how Genesys software from Keysight 

Technologies (www.keysight.com) can be used to design filters 

with the direct-synthesis technique. A lowpass filter example 

is also presented to illustrate the software’s capabilities. 

Transmission Zeros

Transmission zeros are frequencies in which there is no 

signal transmission. A lowpass filter has transmission zeros 

at infinite frequency, while a highpass filter has transmission 

zeros at dc. A bandpass filter contains transmission zeros at 

both dc and infinite frequency. 

Finite-frequency transmission zeros (FTZs) are transmis-

sion zeroes at frequencies aside from dc and infinite frequen-

cy. They can be incorporated into a filter to reject signals at 

specific frequencies. In other words, FTZs allow unwanted 

frequencies to be “notched out.” FTZs essentially shape a fil-

ter’s stopband response.

s/FilTer synThesis Program

Genesys software can be applied to create both lumped-

element and distributed filters. Users can design classic filter 

types, such as Butterworth, Chebyshev, etc., as well as filters 

beyond those traditional methods. 

Specifically, Genesys contains the S/Filter synthesis pro-

gram, which utilizes the direct-synthesis technique. When 

using S/Filter, a designer can place FTZs at specific frequencies 

Design software that incorporates the 

direct-synthesis technique can be 

highly beneficial to those involved with 

designing customized filters.

Direct-Synthesis Software 
Approach Facilitates Filter Design

Chris DeMartino | Technical Editor
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1. Users can enter FTZ frequency values by clicking on the Specifi-

cations tab.

2. This lowpass filter is designed on a 15-mil-thick Rogers RT/duroid 

5880 laminate.

3. These simulation results reveal that the lowpass filter achieves 

greater than 60 dB of rejection at 6.8 GHz.
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523 RevL

Mini-Circuits
¨

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

$$395395from

Now!

4-Channels

in 1 Compact

Device

Programmable

ATTENUATORSSATTENUATORS

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*

-HD

Holiday Discount

*www.minicircuits.com /HOLIDAY2

10% OFF
December Web Orders

*

http://www.minicircuits.com/products/programmable_attenuators.shtml
http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com/holiday2
http://www.minicircuits.com


to obtain the desired filter stopband performance. This capa-

bility allows for custom filter design, as frequency responses 

can be shaped to meet the needs of a specific application. 

Direct synthesis is particularly effective in practical scenarios, 

such as when a certain amount of rejection is needed at a given 

frequency or frequencies.

S/Filter accommodates design of lowpass, highpass, and 

bandpass filters. Its operation is simple: Click on the Speci-

fications tab in the user interface to enter the desired FTZ 

values (Fig. 1). Then, once the criteria are entered, the software 

directly synthesizes custom filter schematic solutions. Users 

can click on the Extractions tab to cycle through all of the 

schematic extractions that satisfy their criteria. 

The white paper, “Genesys S/Filter Software Synthesizes Cus-

tom RF, MW and Analog Filters for Realization,” discusses S/Fil-

ter in greater detail. The paper, written by How-Siang Yap from 

Keysight Technologies, also includes a 

bandpass-filter design example. This fil-

ter has a passband from 300 to 350 MHz, 

and is designed with one FTZ initially set 

to 400 MHz and then varied.

Design example

Now let’s take a look at the design of a 

simple lowpass filter using S/Filter. This 

filter has a passband to 5.2 GHz, and an 

FTZ at 6.8 GHz.

After the criteria were entered, a 

lumped-element schematic was cho-

sen from among the several extracted 

schematics. Subsequently, this lumped-

element filter was converted to a dis-

tributed filter via lumped-to-distributed 

transformations. The filter is designed on 

a 15-mil-thick Rogers RT/duroid 5880 

laminate. The layout is presented in Fig. 2.

Figure 3 shows the electromagnetic 

(EM) simulation results. As can be seen, 

the filter has a passband response to 5.2 

GHz, with less than –16-dB return loss 

across the entire band. It also achieves 

more than 60 dB of rejection at 6.8 GHz. 

In comparison, approximately 37 dB of 

rejection occurs at 7.6 GHz, demon-

strating the effect of placing an FTZ at 

6.8 GHz. Of course, some optimizations 

were performed to obtain the desired 

results. In summary, this lowpass fil-

ter—though relatively simple—was 

modeled in a very short amount of time 

with S/Filter.

Those who wish to further explore the 

topics discussed in this article should 

consider obtaining a copy of Randall 

Rhea’s book, Filter Synthesis Using Gene-

sys S/Filter. The book serves as a practi-

cal guide for RF/microwave filter design, 

covering the design of lumped-element, 

distributed, and resonator-based filters 

using Genesys software. 
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Design Feature
Jiyoun Munn | Technical Product Manager of RF, COMSOL

5
G and the Internet of Things (IoT) are among 

the hottest topics being discussed in the RF 

and microwave industry. Everyday activities 

and technological advancements depend more 

than ever on reliable and fast data communication. Design-

ers are now faced with their biggest challenges, having been 

tasked with bringing real-time data usage and availability to 

the next level. This requires access to the best design tools, 

along with significant advances in signal processing, device-

centered communications, and evolving technical standards. 

From 4G LTE To 5G

It’s expected that 5G will need to utilize higher-frequency 

spectrums in the millimeter-wave range when deploying active 

electronically scanned arrays (AESAs), which enables multi-

beam multiplexing and massive multiple-input, multiple-

output (MIMO) technologies (Fig. 1). Researchers working 

on the frontlines of forging this ultra-fast and high-bandwidth 

successor to 4G LTE are relying on modeling and simulation 

tools to optimize product development and test cycles.

Simulation supports designers throughout the design cycle 

by allowing them to virtually 

evaluate several design ideas and 

implement physical prototypes 

based on the most promising 

concepts. Another advantage lies 

in the possibility of investigating 

different boundary conditions. 

In this case, simulation allows 

an engineer to efficiently mea-

sure and test several scenarios—

including extreme temperature 

variation, structural deformation, 

and chemical reactions—without 

damaging a prototype.  

The goal of simulation special-

ists is to mimic the real world as 

closely as possible, so that the 

prototype is based on numerical 

results that achieve the expected 

performance in fewer design and 

test iterations.

Our 5G Future: 
In the Fast Lane with 

Numerical Simulation
The latest simulation tools seek to enable the design of next-generation wireless 

communication systems.

3G

4G

4G
LTE

5G

Top view

Top view

1. An isotropic radiation pattern was preferred before the 5G era (top). Antennas that generate a 

higher gain (directivity) radiation pattern are required for 5G millimeter-wave communications to 

compensate for the path loss in free space (bottom).
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Designers Join Forces with simulation  

specialists through apps

In preparation for the 5G rollout, designers are working 

through a number of obstacles, including frequency choices, 

propagation, reliability, battery life, and interference. Each of 

these challenges is represented by a unique blend of physics 

that require a simulation specialist in that specific area—one 

who is equipped with the right tools to set up the underlying 

mathematical model properly. The symbiosis between design-

ers and simulation specialists needs to be perfect in order to 

deliver the right product at the right time.

Simulation experts are typically the only ones who can 

safely provide the input data needed to get a useful output 

from a model. They therefore have to be involved in the iter-

ation process every time there is a new request or change to 

be made in the device being simulated. Additionally, results 

or outputs are often presented in an environment only famil-

iar to the specialist, so distributing the information to their 

colleagues often requires a meeting to present an explanation 

and interpretation of the results.

But what if simulation specialists could easily build sim-

ulation apps (i.e., wrap an intuitive interactive user inter-

face around a complex mathematical model)? What if 

users without any previous experience using simulation 

software could run apps specifically designed for them? 

Simulation apps make it possible for simulation spe-

cialists to efficiently and effectively support the design-

ers relentlessly working on the next breakthrough in 

the ultra-competitive landscape of wireless commu-

nication. Supplied with the right tools, designers working on 

5G implementation can freely collaborate and complement 

their skills with those of their colleagues and collaborators 

who specialize in physics and numerical analysis.  

what simulation apps can Do For wireless 

communication Design

Let’s take the example of AESAs, or phase antenna arrays. 

They have become popular for military use in radar and 

satellite applications and are now occupying a conspicuous 

position for commercial purposes due to the growing needs 

of higher data rates in communication devices. The size of 

a simple component can easily exceed tens of wavelengths, 

making its numerical analysis very memory-intensive. 

As a result, models take a very long time even when 

approximated values would be sufficient to evaluate a proof-

of-concept design. Fast prototyping would 

help reveal performance tendencies and 

determine design parameters quickly.

Fig. 2 shows a simulation of a 4-×-2 

phased microstrip patch antenna array 

which can steer the beam toward the 

desired direction. This example is sig-

nificantly more memory-intensive and 

will take a longer time to compute than 

a single microstrip patch antenna (Fig. 

3). Simulation results shown in Fig. 3 are 

based on a full finite-element method 

(FEM) model of a single slot-

coupled microstrip patch 

a n t e n n a  b u i l t  o n 

low-temperature 

co-fired-ceramic 

(LTCC) layers, initially 

operating at 30 GHz.

Can we use the analysis 

of a single antenna to 

describe the behav-

i or  of  t he  e nt i re 

array? COMSOL Multiphys-

ics software allows simulation special-

ists to perform an accurate simulation of a single 

microstrip patch antenna. They then take into account 

2. This figure shows a  

4-×-2 phased 

microstrip patch 

antenna modeled using 

COMSOL Multiphysics soft-

ware. The top plot shows 

the logarithmic electric field 

norm on the patch and 

the 3D far-field radia-

tion pattern. The lower 

plot depicts the logarithmic 

electric field norm on the 

feed line planes.  

S
upplied with the right tools, designers working on 5G  

implementation can freely collaborate and complement  

their skills with those of their colleagues and collaborators who  

specialize in physics and numerical analysis.
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user inputs such as array size, arithmetic 

phase progression, and angular resolution 

to describe (for example) the 3D far-field 

of the entire array. 

COMSOL (www.comsol.com) makes 

it easy for specialists to couple physics 

interfaces already available with equa-

tions or algorithms needed to model 

a specific application. In this case, the 

two-dimensional antenna array fac-

tor has been implemented to include the 

translational phase shifts and array element 

weighting coefficients needed to determine 

the radiation pattern of the entire array.

Can we present such a model to 

designers in a user friendly way? 

Simulation specialists are now 

provided with an intuitive 

workflow to create custom 

user interfaces based on 

their multiphysics simulation 

model. An app built for simulating the 

aforementioned antenna array is shown in Fig. 4.

This app allows the designer to 

change the physical size of the single 

microstrip patch antenna, the thick-

ness and material properties of each 

layer, and any other relevant parameters 

determined by the simulation specialist. 

In this particular example, the simulation 

specialist has included an interactive 

user experience by indi-

cating whether the cho-

sen design parameters 

are appropriate or not 

by comparing the computed 

S-parameter (S11) value to the 

pass/fail target criterion. 

This app also includes a results 

report and documentation that concisely 

explains how the app is working. This 

last feature can be used in a variety of 

practical ways, from building reports 

to stakeholders and management, to 

use as a training tool for new hires in 

the company. Apps can also be easily 

deployed to colleagues and collabo-

rators through a local installation of 

the COMSOL Server product, which 

allows authorized users to access apps 

through COMSOL Client or a major 

web browser.

We have a lot of work ahead of us 

before 5G is unveiled to the public. 

When designers are equipped with the 

right set of tools, they can freely col-

laborate with colleagues throughout 

their organization and beyond. Work-

ing cross-departmentally will be key to 

competing and succeeding in the 5G 

race.  

4. The user interface of the Slot-Coupled Microstrip Patch Antenna Array Synthesizer  

simulation app was built using the Application Builder tool in COMSOL Multiphysics.

3. This figure shows a single-patch antenna. 

The logarithmic electric field norm on the 

patch, mesh, and 3D far-field radiation pat-

tern are visualized.

A
pps can also be easily deployed to colleagues and collabora-

tors through a local installation of the COMSOL Server product, 

which allows authorized users to access apps through COMSOL Client or a 

major web browser.
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L
ow-Earth-orbit (LEO) satellites fly at dif-

ferent heights above Earth and 

can vary in the amount of 

time they are visible to 

a ground station (GS) to trans-

ferring data to and from the 

GS. For a typical LEO satel-

lite in orbit 600 km above 

Earth, visibility to a GS 

may be less than 20 min-

utes per orbit, limiting the 

amount of data that can 

be exchanged. By recruit-

ing a geosynchronous-

Earth-orbit (GEO) satellite 

as part of the overall data 

link, however, it can be pos-

sible to increase the available 

LEO satellite data-transmission 

time (and amount of data). 

Since the percentage of a LEO satel-

lite’s visibility to a GS is less than 20% of 

the satellite’s orbital period, the time to down-

load data in a satellite-communications (satcom) system is 

limited. To increase the imaging data capability and capacity 

of a remote-sensing LEO satellite, the imagery data must be 

stored onboard the satellite and downloaded at a higher data 

rate during such a limited visibility period. Furthermore, a 

greater number of networked GS sites around the Earth must 

be used. 

Most of Earth’s surface is covered by water, so accomplish-

ing this task would require that a large number of “ground” 

terminals be located on ships—at prohibitive cost. However, 

a GEO satellite is visible to a LEO spacecraft for more than 

one-half of the LEO satellite’s orbit, as a possible component 

in a data relay system. In theory, two widely spaced GEO 

satellites can provide continuous 

visibility/coverage for a LEO 

satellite. 

Figure 1 depicts the vis-

ibility of a LEO satellite 

from a GEO satellite and 

antenna tracking ranges. A 

GEO communicat ions 

satellite is considered to 

be at point G in the GEO 

equatorial orbit, with zero 

inclination. Earth’s center is 

represented by point O, with 

line segments OC = OD = OH 

= OJ = R, the radius of Earth, 

which is approximately 6,380 km. 

A GEO orbit is represented by HG, at 

approximately 36,000 km. The height of a 

LEO satellite orbit is represented by HI (about 600 

km for a typical remote-sensing satellite). 

In the satellite diagram of Fig. 1, line segment OC is per-

pendicular to line segment ACG (where ACG is tangential 

to Earth at point C) and line segment OB is perpendicular to 

KBG (with KBG tangential to the LEO orbit at point B). The 

satellite at point G in the GEO orbit can have a maximum 

line-of-sight (LOS) visibility to point A or point E in the LEO 

satellite orbit. Arc ABIFE represents the maximum arc of the 

LEO satellite in which a GEO satellite can have LOS visibility 

with the LEO satellite. Angle BGF is the maximum angle a 

GEO satellite can have a LOS with the LEO satellite. 

 Wide-beam antennas are not practical onboard LEO or 

GEO satellites because of the need for the high gain required 

Extend LEO Downlinks with

GEO Satellites
The data downlinking capability of a LEO satellite can be increased by using GEO 

satellites in a configuration of multiple satellites that relays data to earth. 
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1. This diagram attempts to illustrate the 

conditions for visibility of a LEO satellite from 

a stationary GEO satellite.
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in support of transmitting signals at high data rates in excess 

of 100 Mb/s. The high-gain data links from LEO to GEO 

satellites call for antennas with narrow beam widths. In addi-

tion, to maintain LOS between satellites, the beams of LEO 

satellite antennas as well as GEO satellite antennas must be 

steered. An antenna on the LEO satellite intended for LOS 

with the GEO satellite must be mounted on the face of the 

satellite opposite the Earth’s surface. 

The steering angle range of the antenna on a LEO satellite 

with respect to a GEO satellite is 180° or the angle denoted by 

OAG in Fig. 1. This indicates that an antenna on a LEO satel-

lite shall have a beam-scanning capacity of more than ±90° 

while a GEO satellite antenna shall be able to scan over the 

angle represented by ±OGB in Fig. 1. Table 1 presents details 

for two typical LEO scenarios, with a LEO satellite in orbit 

600 km above Earth and a GEO satellite for relaying data.  

Enhancing Visibility

In principle, 100% visibility of a LEO satellite can be 

obtained by using two GEO satellites positioned 180° apart 

in GEO flight patterns. This calls for two ground stations 

(GSs) on opposite sides of Earth. The ground stations must 

be networked so that data is transferred to the required GS. 

Two satellites separated, for example, by about 100° in 

GEO can be controlled by a single GS, with both satellites 

transferring data to the single GS. With these two GEO satel-

lites separated by 100°, steering the LEO antenna by ±90° can 

cover the majority of its orbit. By steering the LEO antenna 

by about ±113° for maximum LEO satellite visibility, 100% of 

its orbit can be covered. 

Such steering capability is not routine, however. The 

antenna on the LEO satellite must track over an angular 

range of ±XAG as represented in Fig. 1, which is more than 

90° on either side of LOS contact with the GEO satellite from 

points A and E on the orbital map. Although this can provide 

maximum visibility of the LEO satellite to the GEO satellite, 

this can make the design of the LEO satellite’s antenna very 

complicated. That’s because it requires sufficient clearance 

from the satellite body to achieve a large field of view (FOV), 

and an antenna with a large boom. 

Steering a beam either by dual-gimbal-controlled, high-

gain antenna or by spherical phased-array antenna over 

±90° is possible with minimum impact 

on the satellite. An alternative means 

of achieving the maximum possible 

visibility area is by employing such an 

antenna design as a quadrifilar helix 

antenna to provide a wide beam (±120°) 

with sufficient FOV of the LEO satellite 

and its antenna.

As an example, two stationary GEO 

satellites at 34° E and at 134° E (100° 

separation) can be controlled from a GS in India. Two types 

of antennas can be used on each satellite. A horn antenna 

with a relatively wide beam width of 18.7° can provide about 

16 dBi gain. Alternatively, a higher-gain antenna with nar-

rower beam width can be used, although it must be steered 

over a range of ±18.7° in elevation and 360° in azimuth. To 

better understand the results expected from the use of such 

different antennas, link analyses were performed with a LEO 

imaging satellite in 600-km-high orbit catering to low data 

rates of less than 10 kb/s, as well as payload data at rates to 

150 Mb/s. 

For the analyses, C- and Ku-band frequencies were not 

considered since these frequency bands are fully occupied. 

Rather, the use of links between satellites was considered 

for cases with bands specified by the International Telecom-

munications Union (ITU) at S-, X-, or Ka-band frequencies. 

For intersatellite communications, when GEO tracking 

is limited to LEO arc FIB in Fig. 1, rain attenuation is not 

a concern since the radio links will not pass through the 

atmosphere. Under such conditions, 20/30-GHz Ka-band 

frequencies would be popular choices for intersatellite com-

munications. However, for maximum visibility between 

satellites, the LOS between the GEO and LEO satellites will 

pass through Earth’s atmosphere; Ka-band frequencies are 

not well-suited due to rainfall attenuation. 

In addition, for maximum visibility, the required antenna 

structure becomes complex. More than 85% orbital coverage 

is possible with a configuration of two satellites separated 

by 100° in the GEO satellite and antenna tracking limited to 

±90° on the LEO satellite, As a result, Ka-band frequencies 

at 30 GHz were chosen as the operating range for a high-bit-

rate link between LEO and GEO satellites. 

Spectra at X-band frequencies (8025 to 8400 MHz) and 

Ka-band frequencies (25.5 to 27 GHz) were allotted for 

space-to-Earth data transmissions. Either of these bands can 

be used for high-bit-rate links from GEO satellite to GS. A 

link at X-band will be less affected by rain than one at Ka-

band frequencies, but a Ka-band link can be used to transfer 

high-bit-rate data from a GEO satellite to a GS by adopting 

rain-loss mitigation techniques. By designing in sufficient 

link margin; using adoptive modulation, data-rate, and cod-

ing techniques; and using spatial diversity, it is possible to 

TABLE 1: TRACKING DETAILS OF A LEO SATELLITE 

WITH RESPECT TO A GEO SATELLITE

Visibility condition 
for steering LEO 
satellite antenna

Maximum 
range (km)

Maximum angle 
GEO antenna to 

track (°)

Maximum angle 
LEO antenna to 

track (°)

Percentage of 
coverage (%)

Limited visibility 
(±90°) tracking

42,950 ±9.35 ±90 44.8

Maximum visibility 
tracking

45,700 ±9.35 ±113 63.3
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minimize the effects of rainfall attenua-

tion on link performance. 

For lower-rate telemetry, tracking, 

and control (TTC) data, S-band fre-

quencies can be used as a link between 

a GS and the GEO satellite since this 

link will be not be impacted by rainfall 

attenuation. When using a wide-beam 

antenna on a LEO satellite, almost 100% 

coverage can be obtained with two 

GEO satellites placed at 34° elevation 

and 134° elevation locations. S-band 

frequencies can also be employed for 

GEO-LEO and LEO-GEO inter-satellite 

communications. Alternatively, low-

bit-rate data can be communicated to 

a GEO satellite from a GS using S-band 

frequencies and translated onboard the 

GEO satellite to Ka-band frequencies 

for transfer to a LEO satellite. 

MakinG thE CaSE via Link anaLySiS

To better understand the workings of inter-satellite com-

munications, link analysis was performed for three possible 

cases, with various options. Each case assumed that high-bit-

rate data was being communicated from a LEO satellite to a 

GEO satellite to a GS. The link from the LEO satellite to the 

GEO satellite occurred at Ka-band (30 GHz), while the link 

from the GEO satellite to the GS took place at Ka-band (26 

GHz) or X-band (8.2 GHz). 

In the first case, a wide-beam antenna was used on the LEO 

satellite with a high-gain antenna on the GEO satellite. The 

LEO antenna gain was 0 dBi with transmit power of 100 W. 

The GEO receive antenna had a diameter of 5 m and an anten-

na gain-to-noise-temperature (G/T) value of 31.5 dB/°K. This 

case was found to be capable of supporting a maximum data 

rate of 200 kb/s with about 3-dB link margin. It would not be 

practical to provide more transmit power to the LEO antenna, 

and a complicated mechanism was required for steering the 

5-m antenna on the GEO satellite. As became evident, it is not 

easy to achieve a high-bit-rate data link with an omnidirec-

tional, wide-beam antenna on the LEO satellite. 

TABLE 2: COMPARING OPTIONS FOR SATCOM LINKS

Forward link  Frequency: 2000 to 2100 MHz  Data rate: 1 Mb/s

GEO LEO

Transmit 
antenna

Transmit 
power

EIRP Receive 
antenna

G/T Margin (coding 
gain of 9 dB)

Option 
1

2.0 m 20 W 42 
dBW

0.5 m –12 
db/°K

2 dB

Option 
2

5.6 m 250 W 62 
dBW

Wide-beam 
antenna –2 dBi

–32 
dB/°K

2 dB

Return link  Frequency: 2200 to 2300 MHz  Data rate: 1 Mb/s

LEO GEO

Transmit 
antenna

Transmit 
power

EIRP Receive 
antenna

G/T Margin (coding 
gain of 9 dB)

Option 
1

0.5 m 20 W 30 
dBW

2.0 m 1 dB/°K 2 dB

Option 
2

Wide-beam 
antenna –2 dBi

250 W 21 
dBW

5.6 m 9 dB/°K 2 dB

EIRP = effective isotropic radiated power; G/T = gain-to-noise temperature

0.2 m
1.5 m

0.5 m 2.0 m

7.5 m
7.5 m

0.5 m

0.5 m

Ground station LEO satellite

GEO satellite

Ka-band 
105-Mb/s link

X-band 
105-Mb/s link

S-band 
1-Mb/s links

S-band 
1-Mb/s links

2. Shown are the various links between two different types of satellites and an Earth-based ground station (GS). 
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In the second case, a narrow-beam horn antenna with 

18.7° beam width and 16-dBi gain was used on the GEO 

spacecraft to eliminate antenna steering. To send 100 Mb/s 

at 100 W Ka-band transmit power, a steerable parabolic 

antenna larger than 5 m in diameter would be needed on the 

LEO satellite, which is not very practical. For sustainable, 

high-speed data links, even the GEO satellite must be steer-

able and capable of high gain in this case. 

In the third case, to transmit data at 

100 Mb/s between satellites, quadra-

ture-phase-shif t-keying (QPSK) 

modulation with 7.5-dB coding gain 

was used at Ka-band (30 GHz). A 

0.6-m-diameter transmit antenna was 

incorporated on the LEO satellite with 

40 W transmit power and effective 

isotropic radiated power (EIRP) of 

57 dBW. A 1.5-m-diameter receive 

antenna was used on the GEO satel-

lite with G/T of 21 dB/°K and a LEO-

to-GEO-link carrier-to-noise (C/N0) 

ratio of 90 dBHz. 

Several options were considered as 

part of these three satcom systems for 

analysis. For option 1, a link between 

the GEO satellite and the GS was 

assumed at Ka-band (26 GHz). The 

GEO satellite transmit antenna was 

0.2 m in diameter with 20 W trans-

mit power and 43.5 dBW EIRP. The 

receive antenna on the GS was 7.5 m 

in diameter with G/T ratio of 37.5 

dB/°K. The downlink C/N0 level was 

95 dBHz with an overall C/N0 of 88.8 

dBHz. For 100-Mb/s data transfer 

with 10-6 bit-error-rate (BER) perfor-

mance that maintains 7.5-dB coding 

gain, this setup provides about 3.5-dB 

margin for a clear sky. 

For option 2, the link between the 

GEO satellite and GS was at X-band 

(8.2 GHz) using a 0.2-m-diameter 

GEO satellite transmit antenna with 

40 W transmit power and 36 dBW 

EIRP. The receive antenna on the GS 

was 7.5 m in diameter with a G/T ratio 

of 32 dB/°K. The downlink C/N0 level 

was 92 dBHz with an overall C/N0 of 

88 dBHz. For 100-Mb/s data trans-

fer with 10-6 BER and 7.5-dB coding 

gain, this setup provides about 3.0-dB 

margin for a clear sky.

Suggested system configurations for achieving a Ka-band 

high-bit-rate data link from the LEO satellite to the GEO 

satellite requires a LEO satellite with a 0.5-m-diameter dual-

gimballed antenna (DGA) that features 1.4° beam width and 

better than ±0.01° tracking accuracy. To achieve a better than 

56 dBW EIRP, a 40-W Ka-band traveling-wave-tube ampli-

fier (TWTA) is needed onboard the LEO satellite. For the 

GEO satellite, a DGA with 1.5-m diameter and 0.47° beam 
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width can be used. It should have a G/T ratio of 21 dB/°K and 

better than ±0.04° tracking accuracy.  

For the third case with option 1, Ka-band could be consid-

ered from the link from the GEO satellite to the GS if the sat-

ellite carries Ka-band payload transponders and the onboard 

antenna can be shared. To overcome at least 10-dB rainfall 

attenuation, a Ka-band antenna of at least 0.5 m in diameter 

should be used. The GS antenna should be 7.5 m in diameter 

with G/T performance of 37.5 dB/°K. 

For the third case with option 2, less rainfall attenuation 

will occur when using an X-band link from the GEO satellite 

to the GS. To achieve an EIRP of 36 dBW from the GEO sat-

ellite to the GS, the GEO satellite should have a 0.2-m-diam-

eter fixed antenna with 40-W-output TWTA or solid-state 

power amplifier (SSPA), or a 0.5-m-diameter antenna with 

10-W-output-power SSPA. The GS should be 7.5 m in diam-

eter with a G/T of 32 dB/°K. For low-bit-rate data links to 1 

Mb/s at S-band, coding gain of about 9 dB is possible with 

turbo/LDPC coding. 

For data links from the GS to the GEO satellite, a forward 

link from 2.0 to 2.1 GHz is possible by maintaining GS EIRP 

of 50 dBW via a 7.5-m-diameter antenna with 10 W transmit 

power and a GEO satellite with 0.5-m-diameter antenna and 

G/T of 13 dB/°K. For the return link from 2.2 to 2.3 GHz, the 

GEO satellite should have a 0.5-m-diameter antenna with 

10 W transmit power and 27 dBW EIRP, as well as a GS with 

7.5-m-diameter antenna and 12 dBW EIRP. 

For data links from the GEO satellite to the LEO satel-

lite (forward link) from 2.0 to 2.1 GHz, the GEO satellite 

should have a 2-m-diameter antenna with 50 W transmit 

power and EIRP of 47 dBW. The LEO satellite should have 

a 0.5-m-diameter antenna with G/T of –12 dB/°K. For the 

return data link from the LEO satellite to the GEO satellite, at 

2.2 to 2.3 GHz, the LEO satellite should have a 0.5-m-diame-

ter antenna with 50 W transmit power and the GEO satellite 

should have a 2-m-diameter antenna 

with G/T of +1 dB/°K. Analysis has 

shown that the link cannot be sustained 

with an omnidirectional or wide-beam-

width antenna on the LEO satellite. For 

optimum high-bit-rate data communi-

cations at Ka-band, high-gain steerable 

antennas should be used on the LEO 

and GEO satellites. 

Table 2 details the various options for 

the low-bit-rate forward and return links. 

For option 1, the antennas on the GEO 

satellite and on the two LEO satellites will 

be steered. For option 2, beamsteering 

is eliminated for the LEO satellites, but 

requires transmit power to be increased 

by 250-W power amplifiers (PAs) on the 

GEO satellite as well as on the LEO satellites, and a steerable 

5.6-m antenna on the GEO satellite. Each 250-W PA requires 

more than 400 W dc power. Such added power consumption is 

difficult to justify in LEO satellites. 

Since steering antennas on the GEO and LEO satellites 

is not a problem, option 1 is a more viable solution than 

option 2. Figure 2 shows a suggested satellite configuration, 

and Fig. 3 illustrates a block schematic of a GEO satcom 

system.

 As this analysis has shown, the downlink data capacity of 

a LEO satellite can be enhanced by using GEO relay satel-

lites. A single ground station can control the percentage of 

visibility with two satellites in GEO separated by about 100°, 

and enhance the data-transfer period to about 85% of the total 

orbital period of a LEO satellite.  
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What’s the Difference?

P
ower amplifiers (PAs) for RF/microwave use 

come in various shapes and sizes, at many 

different performance levels, and based 

on numerous technologies. Differences in 

capabilities separate one PA from another as a better fit for 

a particular system. But one key difference perhaps stands 

apart from the rest: Has the PA been designed for contin-

uous-wave (CW) or pulsed amplification, such as in com-

munications or radar systems, respectively. Furthermore, 

what characteristics can help make an amplifier a good fit for 

either a CW or pulsed application? 

Whether based on vacuum tubes or solid-state semi-

conductor devices, PAs must be designed for either CW or 

pulsed operation—not for both modes. One reason is that 

the active devices within an amplifier are typically biased 

in such a way as to satisfy a blend of performance tradeoffs, 

including gain, linearity, efficiency, and output power for a 

target frequency or band of frequencies. 

For example, if a CW amplifier with gallium-nitride 

(GaN) high-electron-mobility-transistor (HEMT) semicon-

ductor devices is biased to generate 50 W output power with 

a 0-dBm input signal, it cannot simply be fed a short pulsed 

input signal at +3 dBm (or even a CW signal at that level) 

with the expectations of doubling the output power. 

An amplifier that is not specifically designed for pulsed 

signals in general, or signals with a specific pulse width 

and pulse duration, can leave “traces” of itself on the output 

signal. These can be critical for defense-related applica-

tions, such as radar systems. For example, an amplifier that 

adds pulse traits such as ringing, overshoot, and droop to a 

boosted signal also makes a particular radar signal easily 

identifiable by an adversary due to those pulse character-

istics. But by designing an amplifier for pulsed signals and 

adjusting its bias levels for minimal pulse distortion, a radar’s 

transmitted pulses can remain undecipherable to an adver-

sary’s receivers. 

On the other hand, it may be possible for an amplifier 

nominally designed as a CW component to perform with 

pulsed signals. However, the power levels of the pulsed input 

signals cannot overload the CW PA’s active devices and the 

attempted pulsed output-power levels cannot exceed the 

thermal-management capabilities of the CW PA. 

The electrical and mechanical design approaches taken with high-power 

 RF/microwave amplifiers depend on whether they are intended for pulsed or  

CW applications. 

Choosing Between

CW and Pulsed 
Power Amps

Thermal protection is built into this pulsed GaN PA, which provides 

200 W output power from 8.5 to 9.6 GHz. The amplifier’s manufac-

turer emphasizes that the component must be used with a heat sink. 

(Courtesy of CTT Inc.)
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What’s the Difference?

Of course, for a CW amplifier with bias that is designed to 

be always on, operating with pulsed input signals that are on 

for a fraction of the time may ease the total amount of heat 

generated by the active devices. But, it will lack the power 

efficiency of a pulsed PA designed with bias that switches on 

and off as needed by the pulsed input signals. 

Keeping it Cool

Pulsed and CW amplifiers are designed and assembled 

much differently in terms of thermal management. Quite 

simply, extremely high-power pulsed amplifiers are not 

designed for CW operation. In fact, many pulsed amplifiers 

would overheat if operated with CW signals at their rated 

output-power levels. 

Whether in commercial, industrial, or military applica-

tions, PAs are typically designed with heat sinks that are not 

overly large, but sized to dissipate the amount of excess heat 

generated by the PA. The amount of heat is a function of a 

number of different factors, including active device gain, 

output power, and amplifier power-added efficiency (PAE). 

A pulsed amplifier may operate at higher output-power 

levels than a CW amplifier, but it also generates heat for 

a fraction of the time of a CW PA, which is continuously 

amplifying signals and generating heat. Even for an amplifier 

with a typically high PAE rating of 50%, one-half of the dc 

power supplied to the amplifier converts to heat, which must 

be dissipated. 

For challenging PA thermal-management cases, a heat 

sink is typically only part of the solution. Usually some addi-

tional form of heat dissipation, such as fan-driven forced-air 

cooling, is needed to maintain a PA’s active devices within a 

safe operating temperature range. Without proper cooling, 

those active devices can quickly rise above their maximum 

allowable operating temperature, such as +85°C, leading to 

device damage or destruction and almost always to degraded 

device reliability. 

For PAs with healthy output-power levels, whether CW 

or pulsed, the heat sink is usually a good part of the total 

package. Because of system requirements for smaller size, 

amplifier designers will usually try to integrate the smallest-

possible heat sink that can still dissipate the amount of heat 

expected to be generated at maximum output-power levels. 

Take, for example, a 100-W pulsed PA with active devices 

that are 50% efficient, but it has a short duty cycle of 1% and 

is only on 1% of the time. A heat sink capable of dissipat-

ing that pulsed PA’s heat during normal operation would be 

severely undersized if the amplifier was operated at a 100-W 

output-power level but on 100% of the time. Ideally, the tim-

ing of the pulsed bias is synchronized with the timing of the 

pulsed signal conditions, such as pulse width, pulse repeti-

tion frequency (PRF), and pulse duty cycle, so that amplifier 

power is on only when the pulse is being processed. 

A tAle of tWo SpeC RAngeS

Specifying an amplifier for a CW application is some-

what simpler than sorting through the operating parameters 

required of a pulsed PA for a radar or EW application. A CW 

amplifier is always on, so the current draw will be continuous 

for a given supply voltage, although the amount of current 

will vary according to the amplifier’s load, input-signal level, 

and maximum output power.

Many performance parameters are comparable between 

CW and pulsed PAs, such as frequency range, small-signal 

gain, gain flatness, input and output VSWR, and bias voltage 

and current. However, pulsed PAs have their own specifi-

cations regarding pulsed operating conditions, and these 

specifications are often defined for very specific applications. 

As an example, model AGN/096-5364-P is a solid-state 

pulsed PA from CTT Inc. (www.cttinc.com) based on GaN 

semiconductor technology (see figure). It provides 200 W 

pulsed output power from 8.5 to 9.6 GHz when operating 

with a 100-µs pulse width at a 10% duty cycle and 0-dBm 

input power. It features extremely high gain of 64 dB or 

more and worst-case gain flatness of ±3 dB, with worst-case 

input/output VSWR of 2.0:1. Specifications differ from a CW 

PA in terms of time-related parameters that help establish 

the pulsed performance. Using transistor-transistor-logic 

(TTL) on/off control, the pulsed GaN PA achieves on and off 

switching speeds of 250 ns.  

For its high output-power rating, this is a fairly compact 

amplifier, measuring 6.08 × 4.49 × 0.72 in. and weighing 500 g. 

It draws 2.5 A from a +40-V dc supply and 0.5 A from a +12-

V dc supply. The amplifier includes temperature protection 

to keep its metal case from rising above a safe upper limit of 

+70°C. The manufacturer stresses that a heat sink is “abso-

lutely required” with this PA to maintain safe thermal operat-

ing conditions, and offers guidance on the proper selection of 

a heat sink for this or any of the company’s other PAs.  

M
any performance parameters are comparable between 

CW and pulsed PAs, such as frequency range, small-

signal gain, gain flatness, input and output VSWR, and bias voltage and 

current. 
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jack browne | Technical Contributor

What’s the Difference?

m
any applications translate frequencies 

higher or lower in various ways, such 

as via frequency mixers, frequency 

multipliers, and frequency dividers. 

These components take different approaches to transform 

the frequencies of signals and their modulation content from 

their inputs to their outputs, but are they interchangeable? 

When does it make more sense to use a mixer rather than a 

multiplier or divider? 

The main functional difference between the components 

involves how frequency conversion is achieved: A frequency 

mixer requires a second input signal, adding and subtracting 

the two signals to achieve a desired result. On the other hand, 

a frequency multiplier or divider works with the first input 

signal alone, extracting the final result from harmonic or 

subharmonic signal components.

Frequency mixers and multipliers/dividers both rely on 

the nonlinear behavior of semiconductors, such as diodes 

and transistors, to translate frequencies from input to out-

put ports. Schottky diodes and GaAs field-effect transistors 

(FETs) have been long-time choices for RF/microwave mix-

ers. Meanwhile, newer mixers take advantage of monolith-

ic-microwave-integrated-circuit (MMIC) technology to 

include supporting circuits, such as filters and amplifiers, 

in compact circuits that fit into surface-mount-technology 

(SMT) or drop-in packages.

Frequency mixers are three-port circuits that can upcon-

vert input signals to higher frequencies and downconvert 

input signals to lower frequencies, depending on how the 

signals are fed to the ports. The three ports in a conven-

tional mixer are the radio-frequency (RF), local-oscillator 

(LO), and intermediate-frequency (IF) ports; the traditional 

component symbol for a frequency mixer is a circle with “x” 

inside. The input signal mixes with the LO signal to achieve 

the sum (f1 + f2) or difference (f1 – f2) of the two signals. 

When the incoming signal is fed to the RF port, a down-

converted, lower-frequency signal appears at the IF port. 

When the incoming signal is applied to the IF port, an 

upconverted, higher-frequency signal is available at the RF 

port. Receivers typically employ downconversion, while 

transmitters require upconversion. 

Frequency translation in a mixer can be defined in two 

ways. In single-sideband conversion, only the sum or dif-

ference of the two input signals is available at the mixer 

output port (and the unwanted signal product suppressed 

Frequency translation is essential to communications and other electronic systems, 

and can be achieved in a number of ways with or without an additional signal source. 

Deciding Between 
Mixers and 
Mulipliers/Dividers

1. Frequency-translation components such as this surface-mount  

frequency multiplier achieve miniaturization through integration. 

(Courtesy of Mini-Circuits)
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What’s the Difference?

within the mixer). For double-sideband conversion, both 

the sum and the difference of the two input signals are 

available at the output and the user filters out the unneeded 

signal product. 

Multiplying anD DiviDing

Translation to higher frequencies can also be achieved by 

means of frequency multipliers, as with translation to lower 

frequency using frequency dividers. In a frequency multi-

plier, the output signal’s frequency is an integer multiple of 

the input signal’s frequency: fout = nfin. Output power drops 

with higher values of n, but high-frequency multiplication is 

possible by cascading multipliers together. Schottky-barrier 

or varactor diodes are often the nonlinear semiconductors 

of choice for frequency multipliers or dividers, with PIN or 

step-recovery diodes used when the need arises for higher-

order multiplication. 

Ideally, multiplication would occur with no degrada-

tion in the output signal’s spectral purity. In reality, noise 

occurs with any frequency-translation process, includ-

ing with multipliers and dividers. A frequency multiplier 

will increase the phase noise of the source because it is a 

phase/frequency multiplier, and it will multiply the phase 

deviations as well as the input signal’s frequency. Similarly, 

a frequency divider, often comprised of semiconductor 

prescalers, will contribute additive phase noise to its lower-

frequency, divided outputs.

A frequency multiplier will cause a change in the carrier-

to-noise ratio (CNR) of an input signal, or ΔCNR, according 

to the relationship ΔCNR  = 20log n, where n is the multi-

plication factor. As a result, a doubler (n = 2) will cause a 

degradation of 6 dB in an input signal’s CNR, a quadrupler (n 

= 4) will raise the noise level by 12 dB, and so forth. However, 

when multiplying signals from a low-noise source, such as a 

10-MHz reference oscillator with low phase noise, it is pos-

sible to achieve RF/microwave signals with low phase noise 

even when using high multiplication factors. 

Sizing up SpecificationS

Frequency mixers, multipliers, and dividers are character-

ized by somewhat different parameters, although they can 

be compared in terms of frequency-conversion loss/gain or 

conversion efficiency across their applicable bandwidths. 

The bandwidths of the different components are usually 

designed according to the requirements of a particular com-

munications or radar system, with models available for nar-

row, moderate, and wide bandwidths as needed. 

Conversion loss (or conversion gain in an active mixer) 

is a key performance parameter for RF/microwave mixers, 

with isolation between ports and the 1-dB compression point 

being important performance details. The conversion loss of a 

frequency mixer, in general, is considerably less than that of a 

frequency multiplier or divider. However, the mixer will also 

HF Amplifiers  

We stock the complete parts 
list and PC boards for the 
Motorola amplifier designs 
featured in their Application 

Notes and Engineering 
Bulletins

AN779L   (20W) 

AN779H  (20W) 
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EB63A   (140W) 

EB27A   (300W) 

AN758  (300W)

AR305  (300W)

AR313   (300W)

EB104   (600W)
AR347 (1000W)

HF Power 

Splitter / Combiners 
2 to 30MHz 

2 Port 
  PSC-2L          600W   PEP 
  PSC-2H       1000W   PEP 

4 Port 
  PSC-4L        1200W   PEP 
  PSC-4H        2000W   PEP 
  PSC-4H5      5000W   PEP 

NEW !  NEW !  NEW !  
We stock the new rugged FREESCALE 1KW transistor and parts for the 

2M and 88-108MHz  amplifier designs

508 Millstone Drive, 

Beavercreek, OH  45434-5840

Email: cci.dayton@pobox.com

Phone (937) 426-8600

FAX (937) 429-3811

Communication
Concepts, Inc.

HF Broadband RF Transformers
2 to 30MHz

RF Transformers Type “U”
2 to 300MHz

www.communication-concepts.com

2. Additional programmability and functionality in turn required a 

larger package for this analog/digital frequency divider. (Courtesy of 

Valon Technology)
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require an LO for a particular frequency 

range and output-power level, and some 

of the LO’s energy will be lost as part of 

the frequency-translation process.

When specifying a mixer for a 

required downconversion or upcon-

version frequency range, the LO’s per-

formance is as important as that of the 

mixer circuitry. LO characteristics like 

phase noise, spurious content, and har-

monic content will contribute to the 

content of the upconverted or down-

converted signal, so the choice of LO 

must be made according to final signal 

performance requirements. 

Some frequency mixers, such as the 

SIM mixers from Mini-Circuits (www.

minicircuits.com), are designed for 

broadband frequency coverage (a total 

frequency range of 100 kHz to 20 GHz) 

while maintaining low conversion loss 

and high port-to-port isolation, even 

with flexible LO requirements. These 

mixers, based on low-temperature-

cofired-ceramic (LTCC) substrates for 

commercial, industrial, and military 

applications, are available with LOs at 

different power levels: +7, +10, +13, and 

+17 dBm (often referred to as Level 7, 

Level 10, and so on). The diversity of 

models simplifies the task of specifying 

a mixer for an application, since broad-

band models can be used for multiple 

applications. 

Modern frequency mixers and multi-

pliers benefit from the miniaturization 

possible with integrated-circuit (IC) 

processes and SMT packaging (Fig. 1). 

The usual tradeoff for miniature size is 

power-handling capability. But, follow-

ing the trend of increased circuit den-

sity in system designs, the small sizes of 

these components allow for additional 

circuit functionality in limited space. 

For example, GaAs heterojunction-

bipolar-transistor (HBT) semiconductor 

technology is the basis for Mini-Circuits’ 

CY2-143+ wideband frequency doubler, 

which comes in a MCLP housing mea-

suring just 4 × 4 × 1 mm. The multiplier 

provides outputs from 4 to 14 GHz when 

fed input signals from 2 to 7 GHz. It 

works with input signal levels from +12 

to +18 dBm, and yields output levels to 

about +6 dBm as a result of 12-dB typi-

cal conversion loss across the frequency 

range. This compact multiplier exhibits 

good suppression of spurious and funda-

mental-frequency signals, thus simplify-

ing requirements for additional filtering 

at the system level. 

In applications where frequency 

translation must be programmable or 

performed according to a certain pro-

tocol, signal and control interfaces may 

require that a frequency multiplier or 

divider be housed in a somewhat larger 

package. As a sophisticated example, the 

model 3010 programmable frequency 

divider from Valon Technology handles 

inputs from 5 to 2000 MHz at RF pow-

er levels from –20 to +20 dBm. It also 

provides multiple 50-Ω coaxial RF and 

+3.3-V CMOS/TTL-compatible lower-

frequency outputs as might be needed 

for laboratory or test applications. 

The 3010 employs a cascade of inter-

nal dividers to achieve its broad band-

width. It allows operators to select 

from 16 division ratios spanning 1 to 

32 by means of hardware jumpers. In 

exchange for the larger size and power 

consumption (about 150 mA from +4 to 

+7 V dc) compared to miniature com-

ponents, this frequency divider (Fig. 2) 

provides a wide input dynamic range 

(typically –20 to +13 dBm) and flexible 

programmability.  P.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100  Fax: 973-226-1565

E-mail: wavelineinc.com

M
odern frequency mixers and 

multipliers benefit from the  

miniaturization possible with integrated- 

circuit (IC) processes and SMT packaging. 
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application Notes

Beamforming antenna arrays are expected to play a sig-

nifcant role in 5G networks. These antenna arrays allow for 

increased capacity of cellular networks, as signal-to-interfer-

ence ratio (SIR) can be improved by directly targeting user 

groups. In the white paper, “Millimeter-Wave Beamforming: 

Antenna Array Design Choices & Characterization,” Rohde 

& Schwarz provides an overview of beamforming technol-

ogy. The white paper then discusses antenna array simulation 

techniques, as an antenna array is frst simulated with ideal 

antenna elements and then with actual measured element ra-

diation patterns. 

A phase coherent signal is a requirement 

for all beamforming architectures, as phase 

coherency can allow a main lobe to be steered 

in the desired direction. A few methods of 

generating phase coherent signals are men-

tioned. Moreover, the document explains how multipath fading 

and delay spread can signifcantly reduce a cellular network’s 

capacity. The white paper states that modern beamforming ar-

chitectures can help mitigate these problems by adapting to 

the channel.

Three different beamforming architectures are described. 

The frst one is an analog beamforming transmitter architecture, 

which consists of an RF chain and multiple phase shifters. Next, 

the digital beamforming architecture is presented. While analog 

beamforming is generally restricted to a single RF chain, digital 

beamforming can theoretically support as many RF chains as 

there are antenna elements. Lastly, the hybrid beamforming ar-

chitecture is described. This solution combines advantages of 

both analog and digital beamforming architectures.

Linear antenna arrays are then theoretically explained. The 

white paper notes that the radiation pattern of a 

linear antenna array can be approximated by mul-

tiplying the array factor with the element radiation 

pattern. This element radiation pattern is consid-

ered equal for all elements—assuming the array 

is large enough. Illustrations demonstrate the ef-

fect of varying the number of antenna elements, as well as the 

distance between them. Next, linear antenna array simulations 

are performed using omnidirectional antenna elements. Simula-

tions are then executed with measured element radiation pat-

terns instead of omnidirectional data to help increase accuracy.

F
ifth-generation (5g) net-

works represent the future of wire-

less technology. 5G environments 

are expected to be more complex and 

require more components, such as flters. 

Other aspects of 5G likely include more 

complex multiple-input, multiple-output 

(MIMO) antennas, new and adaptable 

waveforms, and improved interference 

mitigation. In a new white paper from 

Resonant, “RF Innovation and the Transi-

tion to 5G Wireless Technology,” an over-

view of 5G is frst provided. Te white 

paper then delves into additional topics, 

with a focus on 5G RF flter requirements. 

The white paper discusses how 5G is 

expected to dramatically improve perfor-

mance in terms of network capacity, mo-

bile connections, latency, cost, data rates, 

and coverage. It also describes the range 

of devices that will connect to the 5G 

network, such as mission-critical, Inter-

net of Things (IoT), and next-generation 

mobile devices. In addition, several key 

factors that could help meet the targeted 

goals for 5G are explained: higher fre-

quencies, massive MIMO, interference 

mitigation, and new and 

adaptable waveforms.

5G RF front ends are 

also examined, as the 

complexity associated 

with 5G could impact 

RF front-end development in a number 

of ways. These front ends will be driven 

by cost, power efficiency, and available 

space within a unit, according to the 

white paper. In essence, 5G RF front 

ends will need to be small, highly effi-

cient, and manufactured in large quanti-

ties to meet global demands. 

Filter requirements for future 5G 

networks are discussed, as a number of 

filtering challenges are mentioned. One 

of these challenges is complex multi-

plexing, which will be required as a re-

sult of carrier aggregation (CA). And be-

cause an increased number 

of filters will be required, 

their size and cost must 

continue to decrease. Ad-

ditionally, higher frequen-

cies will require filter tech-

nologies other than the current acoustic 

wave filters used in mobile devices. The 

white paper concludes with a descrip-

tion of Resonant’s Infinite Synthesized 

Networks (ISN) technology, which the 

company says is well suited to meet 5G 

requirements.

RF InnovatIon aRIses to enable 5G   

beamFoRmInG technoloGy 

embaRks on the next GeneRatIon

Resonant Inc., 
110 Castilian Dr. Ste. 100, 
Santa Barbara, CA 93117; 

(805) 308-9803;  
www.resonant.com

Rohde & Schwarz,  
Mühldorfstrasse 15, 81671 

Munich, Germany;  
(800) 837-8772; 

 www.rohde-schwarz.com 

http://www.resonant.com
http://www.rohde-schwarz.com
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Product Feature
jack browne | Technical Contributor

Even as the high-frequency industry looks to robust commercial growth promised by 

markets for 5G and IoT applications, military and aerospace demands remain strong. 

The Year’s Top New Products

Strong future demand looms over the RF/

microwave industry, in the form of poten-

tially huge, global commercial markets 

such as for Fifth-Generation (5G) 

wireless communications net-

works and Internet of Things 

(IoT) products. Even so, 2016 

was a year of balanced business oppor-

tunities for many high-frequency companies. 

Customers came with requirements for hardware, 

software, and test equipment to serve commercial, industrial, 

and military markets, while at times broaching new opportuni-

ties in medical and automotive electronics areas. To recognize 

a dozen of the innovative product solutions developed to meet 

these needs during the year, Microwaves & RF presents our picks 

for the Top New Products of 2016—a listing that combines value 

and performance, technology and design, and comes from com-

panies large, small, established, and new alike. 

A number of these new products demonstrate impressive per-

formance levels for their respective technologies through tight 

control of microscopic device features. On the electrical side, 

the model ADC32RF45 dual-channel analog-to-digital con-

verter (ADC) from Texas Instruments enables direct sampling 

of S-band radar receiver signals by means of its 3 GSamples/s per 

channel sampling capabilities. It can digitize modulated input 

signals from dc to 1.25 GHz, such as in-phase (I) and quadrature 

(Q) signal components, with high, 14-b resolution and can pro-

cess input signals to 4 GHz. 

On the mechanical side, several companies brought micro-

electromechanical-systems (MEMS) technology to the fore-

front with quite accessible, commercial products. For example, 

Analog Devices introduced its ADGM1304 and ADGM1004 

single-pole, four-throw (SP4T) MEMS switches with true dc-

coupled operation to 14 GHz. To make things simple, each 

MEMS switch is packaged with a low-voltage TTL/CMOS-

compatible switch driver. 

MEMS technology is also the basis for a line of silicon timing 

oscillators from SiTime, with clock frequencies of 1 to 220 MHz 

and differential outputs as high as 700 MHz. The Elite Platform 

MEMS oscillators are a fraction of the size and power con-

sumption of the temperature-compensated crystal oscillators 

(TCXOs) and oven-controlled crystal oscillators (OCXOs) they 

replace. The MEMS oscilla-

tors follow the industry’s 

trend of circuit densifi-

cation with miniatur-

ization, fitting a pair 

of SiTime’s Dual-

MEMS MEMS res-

onators—one for 

timing and one for temperature 

sensing—in a miniature package with a mixed-signal 

silicon CMOS IC. 

Analog Devices also made progress in traditional semicon-

ductor IC technology with their RadioVerse AD9371 direct- 

conversion transceiver. It packs the functionality and perfor-

mance needed for 4G and 5G wireless networks with multiple 

radios on a single device (Fig. 1). The transceiver doesn’t require a 

local oscillator (LO) since the IC contains multiple voltage-con-

trolled oscillators (VCOs) and three fractional-N phase-locked 

loops (PLLs) for stable frequency generation. 

The AD9371 has a frequency range of 300 MHz to 6 GHz with 

channel bandwidths as wide as 100 MHz, offering total control 

of two independent transmitter paths and two independent 

receiver paths. The differential 

transmitters and receivers 

can be programmed for 

frequency-division-

duplex (FDD) and 

time-division-duplex 

(TDD) operation for 

use in current and 

future wireless com-

munications networks. 

Broadband amplifica-

tion is essential for many 

1. The AD9371 direct-conversion receiver  works without an LO, 

handling channels as wide as 100 MHz from 300 MHz to 6 

GHz. (Courtesy of Analog Devices)

2. Developer kits such as this simplify the evaluation of advanced 

ICs fabricated on different semiconductor processes. (Courtesy of 

Anokiwave)
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Top New Products

communications networks, and RF/microwave system design-

ers have come to terms with the gradual drop in signal gain that 

comes with increasing frequency—all except broadband ampli-

fier designers at Custom MMIC. The company’s BroadRange 

distributed amplifiers cover a total frequency range of dc to 22 

GHz with a unique positive gain slope, allowing system design-

ers to overcome losses from passive components elsewhere in a 

communications or even electronic-warfare (EW) system. 

To fill the growing need for compact printed-circuit-board 

(PCB) antennas for the current Fourth-Generation (4G) and 

coming 5G wireless communications networks, circuit-material-

supplier Rogers Corp. created its RO4730G laminates. These are 

94 V-0 antenna-grade laminates well suited for printed-circuit 

antennas in wireless base-transceiver station (BTS) and micro-

cell applications.  

MakiNg Waves

As wireless services and products continue to consume band-

width, designers look to higher frequencies to place commu-

nications channels—and even to millimeter-wave frequencies. 

Anokiwave is attempting to bring millimeter-wave technology to 

the masses by matching a semiconductor process to a function, 

such as gallium arsenide (GaAs) for low-noise amplification, 

silicon CMOS for logic, and gallium nitride (GaN) for high-

frequency power amplification. 

The firm has developed a number of different ICs, including 

quad-core transceivers with electronically steerable antenna 

arrays operable to 30 GHz, GaAs-based low-noise amplifiers 

(LNAs) for bands from 71 to 86 GHz, and GaN-based power 

amplifiers (PAs) to 86 GHz, that are available as part of test cir-

cuit boards in Developer Kits (Fig. 2; 40GFIG2). 

The industry move toward more practical millimeter-wave 

solutions was also echoed by Peregrine Semiconductor with its 

UltraCMOS silicon-on-insulator (SOI) semiconductor process 

and a pair of switches capable of operation from 9 kHz to 60 

GHz. The reflective switches feature 8-ns switching speed, and 

one is designed for extended operating temperatures. 

New test equipment occupies a healthy portion of our picks 

for 2016. The industry trend toward achieving smaller size with 

higher density was certainly 

not absent among designers 

of test gear. In response to the 

growing need of mobile com-

munications networks for 

better high-frequency mea-

surements in the field, the 

RSA500A and RSA600A Series battery-powered spectrum 

analyzers from Tektronix represent a dramatic miniaturization 

of the portable spectrum analyzers the company once offered. 

With frequency coverage as wide as 9 kHz to 7.5 GHz and 

analysis bandwidths as wide as 40 MHz, the compact instru-

ments keep essential analysis functions in the box and move 

command, control, and display functions to a PC via USB cable. 

These analyzers measure just 11.78 × 10.68 × 2.65 in. (299.1 × 

271.3 × 67.3 mm) and weigh just 6.6 lb. 2.99 kg) with recharge-

able lithium-ion battery. 

National Instruments continued its “mastery over the modu-

lar” by introducing its PXIe-5840R vector signal transceiver 

(VST). In what would have once occupied multiple spaces in 

a 19-in.-wide instrument rack, this software-driven modular 

test system fits within a pair of PXIe modules. These miniature 

modules (Fig. 3) include a fast switching signal generator and 

wideband signal analyzer along with a user-programmable 

field-programmable gate array (FPGA) and high-speed digital 

interface for rapid transfer of test data. 

They combine for a 1-GHz instantaneous analysis bandwidth 

spanning 9 kHz to 6.5 GHz. The modules combine the essential 

functions of an RF/microwave test instrument with a PC. The 

modular instrument can be commanded and controlled with a 

PC running the company’s LabVIEW design and test software.

Keysight Technologies did its part for improved in-field RF/

microwave measurements in 2016 with its latest additions to 

its FieldFox portable signal and spectrum analyzer product line 

(Fig. 4). Available with optional real-time-spectrum-analysis 

(RTSA) capability, the instruments can test real-time analysis 

bandwidths as wide as 10 MHz across a frequency range as wide 

as 9 kHz to 50 GHz. 

The compact battery-powered instruments provide the mea-

surement capabilities for testing across a wide range of mar-

kets and applications, with spectrum analyzers, vector network 

analyzers (VNAs), and cable and antenna testers (CATs) along 

with built-in power meters, frequency counters, and even GPS 

receivers for precise location information of detected signals. 

They measure just 11.5 ×7.4 × 2.8 in. (292 ×188 × 72 mm) with a 

6.5-in. diagonal thin-film-transistor (TFT) display.  

3. This versatile vector signal transceiver provides a 1-GHz instanta-

neous analysis bandwidth  

from 9 kHz to 6.5 GHz in a 

pair of PXIe modules.  

(Courtesy of National 

Instruments)

4. The FieldFox portable analyzer 

line was extended to real-time 

analysis bandwidths as wide as 

10 MHz from 9 kHz to 50 GHz. 

(Courtesy of Keysight Instruments)
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Chris DeMartino | Technical Editor

Product Trends

No questioN, the RF/microwave 

industry continues to provide innova-

tive solutions to the satellite-com-

munications (satcom) industry. 

This is demonstrated by the 

number of Ka-band products 

being introduced, as satcom 

applications are utilizing 

these higher frequencies. 

Moreover, performance 

enhancements being real-

ized include power amplifiers (PAs) 

with improved efficiency, low-noise amplifiers 

(LNAs) with very low noise figures at millimeter-wave fre-

quencies, and more compact solutions. Smaller sizes are due 

partly to the utilization of highly integrated products. 

In addition, while the benefits of gallium-nitride (GaN) 

technology have been well documented, it is worth noting how 

the technology is specifically enabling satcom applications. 

Gallium-arsenide (GaAs) technology previously dominated 

the satcom realm, and although GaAs has by no means disap-

peared, GaN has now clearly assumed a prominent role. Tak-

ing all of this into account, one should be aware of the latest 

technology developments that are impacting the satcom arena.

One COmpany’s perspeCtive

BAE Systems (www.baesystems.com) is heavily involved in 

developing RF/microwave technology solutions to support 

today’s satcom requirements. “The two major trends we see—

more capability/throughput from traditional large satellites 

and small satellites with low target cost—call for optimal use 

of available resources in an extremely power-constrained 

environment,”says Phillip Smith, the company’s chief engineer of 

advanced microwave products. “This includes moving to higher 

frequencies like Ka-band and beyond for available bandwidth, 

coupled with bandwidth-efficient modulation (BEM) tech-

niques that maximize 

spectrum use—but dic-

tate enhanced linearity.

“O t h e r  d e v e l op -

ments include increased 

solid-state power amplifier 

(SSPA) output power levels with the high-

est possible efficiency to minimize required prime 

power,” adds Smith. “And robust high-sensitivity receivers are 

enhancing link margin and easing requirements for transmitted 

power from crosslinks or ground terminals. Reconfigurability 

and multi-functionality are also in high demand, with phased-

array implementations becoming more attractive as microwave 

integrated circuits (MICs) become ubiquitous.”

To support satcom applications, BAE Systems is developing 

solutions based on both GaAs and GaN technologies. GaAs 

technology is being utilized to build low-noise amplifiers 

(LNAs) with sub-2-dB noise figures at millimeter-wave fre-

quencies. And the company is taking advantage of GaN tech-

nology to offer high-power solutions.

“We provide GaAs- and GaN-based monolithic-microwave-

integrated-circuit (MMIC) technologies that are well-suited for 

satcom requirements,” explains Smith. “Our space-qualified 

GaAs technologies include pseudomorphic-high-electron-

mobility-transistor (pHEMT) and metamorphic-high-elec-

tron-mobility-transistor (mHEMT) technologies.

“Extremely low noise figures at frequencies from 10 to 200 

GHz (e.g., under 2 dB at 80 GHz) are being achieved by 50-nm 

gate-length mHEMT LNAs,” he continues. “Current four-inch 

GaN wafers have produced MMIC PAs with 10 to 15 W of output 

power and 30% power-added efficiency (PAE) at Ka-band.”

GaN technology can help to meet space-lifetime require-

Today’s satcom applications benefit from the latest cutting-edge technology offered 

by the RF/microwave industry.

Satcom Trends Span  
Higher Frequencies, GaN, 
and Integrated Solutions

71Go To mwrf.com

1. This wideband synthesizer covers 

a frequency range of 54 MHz to 13.6 

GHz. (Courtesy of Analog Devices)
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ments. Smith notes, “GaN reliability meets 

demanding space-lifetime requirements—

the process exhibits a mean time to 

failure (MTTF) of 10 million hours at 

channel temperatures of +200°C when 

operating at a Vds of 30 V. GaN is 

currently being scaled to six-

inch wafer sizes (with planned 

release to production in 2017) to 

enhance chip affordability, repeatability, 

and foundry capacity.” 

One point Smith brought up is the 

move to Ka-band frequencies. A 

number of companies are devel-

oping products that operate at this 

frequency band. For example, MACOM 

(www.macom.com) recently launched the MAAP-011289, which 

is a 3-W PA that covers a frequency range of 28.0 to 30.5 GHz.

In addition, Anokiwave (www.anokiwave.com) unveiled 

the AWMF-0109 and AWMF-0113 models earlier this year. 

The AWMF-0109 and AWMF-0113 are Ka-band integrated 

solutions that should find their way into satcom transmit appli-

cations. The intent of both devices is that they can be easily 

installed in planar phased-array antennas. The AWMF-0109 

supports four dual polarization radiating elements, while the 

AWMF-0113 supports eight single polarization radiating ele-

ments. Both devices operate from 27.5 to 30.0 GHz.  

More on Gan TechnoloGy

GaN technology offers other benefits, too, such as allowing 

for smaller packages. David Schnaufer, technical marketing 

manager at Qorvo (www.qorvo.com), elaborates: “The demand 

for high-performance semiconductor products in small pack-

age styles is increasing. Small-packaged devices are particu-

larly important in satellite communications and must be able 

to withstand harsh environments on land, in the air, and at sea.

“GaAs technology has long been the norm for RF devices 

in these spaces,” says Schnaufer. “But with the demand for 

smaller form factors, and the extreme heat, cold, and damp 

conditions of satcom systems, GaN is the new best choice. 

GaN is more reliable, fits in a smaller package, and operates at 

higher temperatures than GaAs. Our recent breakthroughs in 

GaN device and packaging technology allow for smaller pack-

ages while offering environmental protection.”

Qorvo currently offers a number of GaN products in sup-

port of satcom applications. One example is the TGM2635-CP 

PA, which was announced earlier this year. This 100-W PA 

covers a frequency range of 7.9 to 11 GHz, and is well-suited 

for X-band satcom systems.

Several other suppliers are also providing GaN-based 

solutions for satcom applications. Among them is Mitsubi-

shi Electric, which recently expanded its lineup of Ku-band 

GaN devices with two new models. The 

MGFK50G3745 and MGFK48G3745 deliv-

er output power levels of 100 and 70 W, 

respectively.

InTeGraTed SoluTIonS

Today’s satcom requirements are also 

prompting suppliers to develop highly inte-

grated solutions. “A nearly insatiable 

demand for bandwidth and the desire 

to get more value from current levels 

of investment are two trends driving 

significant growth in the satellite market,” 

says Greg Henderson, vice president, RF/microwave business 

at Analog Devices (www.analog.com). “Continuing success in 

the industry will come through developing high-performance, 

highly integrated silicon solutions. 

“We are replacing large multi-technology signal chains with 

monolithic, fully integrated, silicon direct-conversion trans-

mit (Tx) and receive (Rx) solutions,” continues Henderson. 

“We’re using an antenna-to-bits portfolio for applications up 

to 100 GHz. We believe customers want complete signal-chain 

capability, including complementary functions such as clocks 

and phase-locked loops (PLLs). Looking ahead, by leveraging 

design and millimeter-wave integration IP, significant improve-

ments in performance (as much as 10× greater throughput 

than current solutions)—with 30% lower power consumption 

and a reduced footprint of more than 10×—are possible.”

One product from Analog Devices that fits this description is 

the ADF5355, which is a wideband synthesizer with an integrat-

ed voltage-controlled oscillator (VCO) (Fig. 1). The company 

says this product is being designed into Ka-band receivers. The 

frequency range of the ADF5355 spans 54 MHz to 13.6 GHz.

Additional suppliers of integrated solutions include Per-

egrine Semiconductor (www.psemi.com). Earlier this year, the 

company introduced the PE41901 image-reject mixer, which is 

suitable for Ku-band satcom applications (Fig. 2). The PE41901 

contains two mixers, a local-oscillator (LO) path 90-deg. cou-

pler, and RF port baluns on a single die. The integration of this 

functionality allows the required board space to be minimized. 

The PE41901 covers an RF frequency range of 10 to 19 GHz.

This article discussed some of the latest developments in the 

satcom space. Clearly, Ka-band solutions are one focal point, 

as this frequency band is highly crucial for today’s satcom 

applications. Of course, high-power GaN products will con-

tinue to power the next-generation of satcom. Furthermore, 

suppliers are reaching new levels of innovation with highly 

integrated products, leading to a number of performance 

enhancements.  
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2. This image-reject mixer operates to 19 GHz. (Cour-

tesy of Peregrine Semiconductor)
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jack browne | Technical Contributor

Modular InstruMents  
extend Capabilities
New instruments and repair/calibration services reinforce one company’s dedication 

to achieving accurate measurements from dc through millimeter-wave frequencies. 

Modular test equipMent provides a compact architecture 

for performing many different types of measurements. By plug-

ging the appropriate module into a chassis, a function can be 

added to a test system, in the total size once required for a tradi-

tional single-function instrument, such as a spectrum analyzer 

or a vector network analyzer (VNA). 

Modern test instruments are available in a variety of modular 

formats, such as PXI and AXIe modules. These are increasingly 

being used with traditional benchtop measurement systems, 

often with multiple chassis holding the many modules needed 

for complex measurement functions—e.g., evaluating antenna 

arrays and multiple-input, multiple-output (MIMO) communi-

cations systems. 

For those faced with trying to decide whether to move to 

modular instruments or which modular format is better, Key-

sight Technologies (www.keysight.com) recently reinforced its 

support for AXIe and PXI formats. The company offers a series 

of modular test instruments in both formats featuring calibra-

tion and repair services that can be applied not only to their 

own modular and benchtop instruments, but to test instruments 

from most instrument makers around the world. 

Modular instruments typically save space in a rack by using a 

PC for common display and control purposes, enabling essential 

measurement capabilities to be contained within a universal 

module that can slide into a rack-mountable chassis. Conse-

quently, the chassis space once occupied by a single analyzer 

can now hold five or six instrument functions. Whether in PCI 

or AXIe format, Key-

sight recently showed 

its support for modular 

instruments with a host 

of introductions, includ-

ing wideband PXIe and 

AXIe digital receivers, 

an  AXIe  embedded 

controller, and a PXI 

M9421A vector signal transceiver (VST).  

The M9203A digitizer/wideband digital receiver is a com-

pact dual-slot 3U PXIe measurement receiver (Fig. 1) with two 

channels operating at 12-b sampling rates to 3.2 GSamples/s. 

1. Model M9203A is a PXIe digitizer/digital receiver with 

instantaneous bandwidths to 2 GHz and sampling rates 

to 3.2 GSamples/s. 

    Manufacturer of RF power 

transistors and power modules.

polyfet rf devices

www.polyfet.com

TEL (805)484-4210
Your 

Power 

MOSFET

People
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Eval amps and samples available.

2. Model M9537A is an embedded controller in the AXIe modular for-

mat that is equivalent to a powerful Windows 7 personal computer.
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It provides instantaneous analog bandwidths of DC to 2 GHz. 

In spite of the small size, it features on-board digital processing 

and 4-GB of DD3 acquisition memory to capture and record the 

most exotic waveforms. The digital receiver leverages a Virtex-6 

field programmable gate array (FPGA) from Xilinx (www.xilinx.

com) for impressive digital processing power. 

For those preferring the AXIe modular instrument format, the 

M9703B high-speed digitizer/wideband receiver also captures 

signals across an analog input bandwidth of DC to 2 GHz but 

with eight acquisition channels. It fits on a single-slot AXIe card 

and operates at sampling rates to 1.6 GSamples/s per channel. By 

interleaving two channels, sampling rates to 3.2 GSamples/s are 

available on as many as four channels for instantaneous band-

widths to 1.4 GHz. 

The model M9537A embedded controller (Fig. 2) is also in the 

AXIe format. It is based on an i7-6820EQ 2.8-GHz quad-core 

microprocessor from Intel (www.intel.

com) and includes a front-removable 240-

GB solid-state drive and 8-GB DDR4 ran-

dom-access memory (RAM). The Gen 3 

PCIe link to the AXIe backplane provides 

as much as 16 GB/s data bandwidth. It 

includes four USB 3.0 ports and two USB 

2.0 ports. 

The M9421A vector signal transceiver 

(VST) is a four-slot PXIe instrument (Fig. 

3) available with bandwidths of 60 MHz 

to 3.8 GHz or 60 MHz to 6 GHz. It offers 

standard analysis bandwidth to 40 MHz 

with options that can extend the analysis 

bandwidth to 80 or 160 MHz. It is sup-

ported by software for analysis of analog 

demodulation formats and noise figure 

measurements. 

This is just a small sample of the recent-

ly introduced AXIe and PXIe instrument 

modules, which also included a source-

measure unit (SMU) for precise current/

voltage measurements and a multiple-

channel bit-error-rate tester (BERT) capa-

ble of data rates to 16 GB/s. 

Keysight technologies, Inc., 1400 

Fountaingrove Pkwy., Santa Rosa, CA 

95403; (707) 577-2663, www.keysight.com

3. Model M9421A is a vector signal trans-

ceiver (VST) in a four-slot PXIe module 

capable of operating to 6 GHz.
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Stefan fulga | Director of Marketing for IoT, Skyworks Solutions Inc.

Front-End Modules Make

Smart Connections for IoT
The integration of RF/microwave functionality in highly integrated front-end modules 

paves the way for smaller, lower-power, cost-effective IoT solutions for a wide range 

of applications. 

The basic idea of the Internet of Things 

(IoT) may seem simple: wireless commu-

nications between sensors and the 

Internet. But for engineers faced 

with designing its component 

parts, such a simple description 

is much less than the tip of the 

iceberg. Challenges are present-

ed by every component within an 

IoT product, the software that enables it, 

and the network that coordinates and secures it. 

One of the more daunting challenges is the need for 

unprecedented levels of functional integration to reduce 

the size, design complexity, and cost of IoT devices. Radio-

frequency (RF) front-end modules (FEMs) could very well 

offer a solution, as they are designed to provide performance 

and functionality in miniature packages with low power 

consumption. 

Projections for the global acceptance of IoT technology 

predict billions, even trillions, of these devices operating in 

many different applications, and no single design solution 

will serve all purposes. In some cases, sensors will remain 

almost continuously in a sleep mode, coming to life only 

briefly either when externally instructed, on a schedule pro-

grammed into it, or when it detects trouble in the device 

to which it is connected. In these environments, wireless-

enabled sensors should be able to operate for up to 10 years 

on a coin cell or cells.

In other applications, IoT sensors will be partially or con-

tinuously operational, requiring access to mains power or 

biasing from energy harvesting or wireless power transfer. 

The multitude of IoT applications may be diverse, but one 

core requirement remains the same: the need to make every 

element of an IoT device extremely small, highly integrated, 

efficient, and frugal with power. Studies project that the cost 

of IoT devices may have to drop 10 to 100 times and power 

consumption from milliwatts at present to microwatts or even 

nanowatts in the future.

Cost-EffECtivE Miniaturization

Integration is the key to achieving seri-

ous miniaturization in IoT applications, with the 

design of RF FEMs including as many functions as 

possible within a single package. Aided by system-on-

chip (SoC) devices that perform analog-to-digital conversion, 

baseband functions, and overall subsystem control, RF FEMs 

can deliver a cost-effective solution for IoT applications, with 

very high performance in a very small footprint. Ever-increas-

ing integration of IoT functions means more functionality 

will be included in smaller system-in-package (SiP) devices, 

allowing IoT capabilities to squeeze into even smaller, cost-

effective, lower-power solutions. 

Digital circuitry scales smaller in size with advancing tech-

nology. For SoCs, the semiconductor technology of choice has 

been silicon CMOS, with minimum feature sizes shrinking 

from 250 nm to about 22 nm during the past 25 years, allowing 

for smaller digital electronic circuitry in IoT solutions. Expec-

tations are that it will drop to about 5 nm by 2025. 

RF/microwave circuitry does not scale down in size so eas-

ily—the RF/microwave portion of an IoT design can account 

for 60% of the circuit-board area. While the digital circuitry 

continues to benefit from reductions in CMOS geometry, the 

size reduction of RF circuitry can be accomplished by further 

integration of RF functions on the same die, or by employing 

advanced packaging technologies.

For IoT applications, integrated RF FEMs offer advan-

tages in smaller size, lower power consumption, and lower 

cost compared to IoT designs based on discrete devices. The 

benefits of FEMs over discrete implementations also include 

reduced design time as a result of components that have been 

1. Skyworks Solutions’ SKY66112-11 RF front-

end module provides Bluetooth 5, 

Thread, and ZigBee compatibility, and 

provides four times the range of an 

IoT SoC radio alone along with a 7-dB 

increase in receiver sensitivity. 
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proven and tested together as a single module, compared to 

mixing and matching separate components. With RF FEMs, 

the main interconnections are to the SoC. Since RF FEMs are 

fully tested, turnkey components, they avoid (for the most 

part) design validation and minimize compliance testing.

SkyworkS FEM UpS thE oUtpUt 

Yet another benefit of RF FEMs is compatibility with 

multiple wireless standards, such as a single RF module for 

Bluetooth, Thread, and ZigBee wireless connectivity. As an 

example, the SKY66112-11 RF FEM (Fig. 1) from Skyworks 

Solutions will serve Bluetooth 5 upon release of that latest 

version of the short-range wireless standard, as well as next-

generation Thread and ZigBee wireless networking protocols. 

When paired with an SoC platform, the result is an extremely 

efficient IoT solution with long battery life and extended  

transmission range by means of high RF output-power levels.

This FEM produces as much as five times the RF output 

power (+20 dBm) of the SoC radio alone. It eliminates the 

need for further transmit-side amplification, and can increase 

receive sensitivity by more than 7 dB to more than double the 

receive range of an IoT device. It also handles RF input-power 

levels to +15 dBm to allow the receiver to function in the pres-

ence of high-power collocated Wi-Fi access points, which is 

likely to be a common scenario in many IoT environments. In 

addition, the SKY66112-11 reduces total system current (Icc) 

by as much as 38% when compared to an SoC alone delivering 

the same transmit output power.

The SKY66112-11 provides integrated interstage matching, 

harmonic filtering, and digital control compatible with CMOS 

logic levels (Fig. 2). It operates on supply voltages from +1.2 to 

+3.6 V dc, making it a good fit for battery-powered applica-

tions. The FEM is being incorporated in SoC reference designs 

from all leading SoC suppliers for multimode ZigBee/Thread/

BLE systems. 

Since the SKY66112-11 will be compatible with Bluetooth 5, 

its high RF output power will be well-suited to that standard’s 

enhanced connection range. Bluetooth 5 is expected to be 

rapidly adopted in new devices beginning in the first half of 

2017. Not surprisingly, many of Bluetooth 5’s new features 

are dedicated to IoT. While Bluetooth is appealing for many 

IoT applications, it is limited in range, messaging capacity, 

and networking capability. This latest version should bring 

the ubiquitous wireless protocol to the forefront of IoT con-

nectivity.

Although complete specifications are expected at year’s end, 

range should be about 1,000 feet, a best-case value achievable 

only in unobstructed, line-of-sight conditions, but greater 

than its predecessor. The range extension makes Bluetooth 

more than a personal area network for the first time and cost-

effective to implement as it requires no infrastructure (access 

points) and uses far less power. 

Bluetooth 5 is also expected to have twice the speed of its 

predecessor and more than enough speed for almost all IoT 

applications. The Bluetooth Special Interest Group (SIG) 

says it will have eight times the data broadcasting bandwidth, 

which makes the use of Bluetooth beacons far more interesting 

for retailers and other organizations.

Widespread acceptance of IoT devices and technology will 

depend on reasonably priced IoT products that can operate for 

as long as a decade on a battery and communicate over con-

siderable distances in the presence of stronger signals (such 

as from Wi-Fi systems). While these are not insignificant eco-

nomic and technological challenges, it should be possible to 

overcome them thanks to increasing levels of integration and 

advances in packaging technologies. No doubt RF FEMs will 

play a significant role. 

SkyworkS SolutionS inc., 20 Sylvan Rd, Woburn, MA 

01801; (781) 376-3000, www.skyworksinc.com.
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2. The SKY66112-11 integrates all transceiver functions in a module 

measuring only 3.5 × 3.0 × 0.96 mm. 

The SKY66112-11 aT a glance

Parameter Value

Frequency range 2400 to 2500 MHz

RF output power To +22 dBm

LNA noise figure 2 dB

Maximum RF input power 
in receive mode

+15 dBm

Transmit/receive
switching speed

800 ns

Operating voltage 1.2 to 3.6 V dc

Sleep-mode current Less than 1 µA

Package style 22-pin MCM, 3.5 × 3 × 0.96 mm
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| Automotive

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

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

| CATV

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

1.218 GHz High Output GaN CATV Power Doubler Amplifi er: ACA2429
For CATV head ends and HFC distribution systems

| Connected Home

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

2.4 GHz ZigBee® / Bluetooth® Low Energy / 802.15.4 Front-end Modules: SKY66113-11, SKY66114-11
For in-home appliances, smart thermostats, sensors, beacons, gateways and wearable devices

802.11ax High-power WLAN Front-end Modules: SKY85331-11 (2 GHz), SKY85743-11 (5 GHz)
For 802.11ax indoor / outdoor routers, access points, gateways, extenders and point to point networking products

| Mobile Devices

Multimode Multiband Power Amplifi er Module for Dual Mode Quad-band GSM / EDGE – WCDMA / HSDPA / 
HSUPA / HSPA+ / LTE: SKY77661
For 2.5G and 3G / 4G handsets

0.7 to 2.7 GHz Triple SPST (3xSPST) Shunt MIPI® Switch in a WLCSP Package: SKY19237-001
For mobile device antenna tuning, impedance tuning and band switching

| Wearables

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

2.4 GHz ZigBee® / Bluetooth® Low Energy / 802.15.4 Front-end Modules: SKY66113-11, SKY66114-11
For in-home appliances, smart thermostats, sensors, beacons, gateways and wearable devices

GNSS Low-noise Amplifi er Front-end Module with GPS / GLONASS / BDS Pre-and Post-fi lters: SKY65913-11
For smartwatches, fi tness / activity trackers, action cameras, personal navigation devices and GPS / GLONASS / BDS 
radio receiver applications

Wireless Connectivity Solutions 
For Mobile Devices and Internet of Things Applications

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


Product Feature
jack browne | Technical Contributor

Radiation patteRns descRibe the coverage possible with a 

particular antenna and its associated wireless circuitry, but such 

patterns are not easy to generate. They typically are generated 

by a test signal generator, receiver, broadband receive antenna 

and many necessary test accessories such as a turntable to rotate 

a device under test (DUT) while testing. One other not inex-

pensive “accessory” that is usually part of the test system is an 

anechoic chamber, to prevent interference from radio sources 

that might be present in the frequency band of interest. 

Fortunately, the RMS-0740 MegiQ Radiation Measure-

ment System from MegiQ BV provides everything for making 

three-axis radiation pattern measurements, except the anechoic 

chamber. It is designed to work without the chamber, delivering 

accurate radiation pattern measurements from 0.7 to 4.0 GHz 

(see figure). 

The radiation pattern measurement system consists of a 

dual-channel receiver (with option for a signal generator), a 

dual polarization antenna, a stepper-motor-driven turntable for 

mounting an antenna under test, software, and interconnect-

ing power and control cables, including a Universal Serial Bus 

(USB) cable for connection to a personal computer (PC). The 

system rotates a DUT on the turntable and makes three-axis 

radiation pattern measurements using one turn of the turntable 

per axis. When necessary, the turntable can be rotated manually, 

without using the stepper motor.

The test system features an antenna designed for minimum 

reflections in compact test areas. The system, which is ready 

for use without calibration, is designed for accurate results in 

moderate test spaces, such as only 4 × 4 × 3 m. It can be used 

in even smaller test spaces, although careful positioning of 

some absorbing materials may be required to minimize reflec-

tions. The test system can measure multiple frequencies at the 

same time and, with its optional test signal source, can generate 

horizontal and/or vertical test signals for evaluating a DUT in 

receive mode. The height of the system’s measurement antenna 

can be set from 100 to 170 cm, and the measurement antenna 

and receiver are designed for use at measurement distances of 

0.8 to 3.0 m from a DUT. 

The system can be supplied with a standard-sized turntable 

measuring 28 × 28 cm and holding DUTs as large as 7.5 kg or an 

optional heavy-duty turntable measuring 100 × 50 cm and accom-

modating DUTs weighing as much as 30 kg. The stepper motor 

spins the turntables at 30 s per rotation during radiation pattern 

measurements, although the turntables can also be rotated manu-

ally as needed for special radiation pattern measurements. 

The measurement software supplied with the test system sim-

plifies the measurement setup with functions for rotational con-

trol of the turntable, data storage and processing, graphing, and 

report generation. The software provides three-dimensional 

(3D) representations of test results, processing data that the test 

antenna and receiver have collected by measuring the radiation 

patterns in the x, y, and z axes of a DUT mounted on the rotating 

turntable. The software can produce standard radiation patterns 

and calculate statistics related to the performance of the DUT. 

Radiation pattern measurements often require the assistance 

of a shielded environment, such as an anechoic chamber or a 

Faraday cage, which can represent a considerable investment. 

When the space and the funds are short but the need for radia-

tion pattern measurements is quite real, the compact , the RMS-

0740 MegiQ Radiation Measurement System provides accuracy 

approaching that of much larger systems and test chambers, in 

a practical measurement solution covering many of the com-

monly used wireless frequency bands. 

MegiQ BV, Weegschaalstraat 3, 5632CW Eindhoven, The Neth-

erlands; +31-40-2911479, www.megiq.com.

Measuring radiation patterns from wireless designs with antennas normally requires 

a rack of test gear, but this system does the job in a moderate-sized room without an 

anechoic chamber. 

System Analyzes Antennas
Without Anechoic Chamber

The MegiQ  

Radiation  

Measurement 

System performs 

three-axis antenna 

radiation-pattern 

measurements 

from 700 MHz to 4 

GHz without need 

of an anechoic 

chamber.
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550 Rev B          

Mini-Circuits
¨

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

DC to 21 GHz!

NOW! Revolutionary

ABSORPTIVE/REFLECTIONLESS

FILTERS

Mini-Circuits is proud to bring the industry a revolutionary breakthrough in 
the longstanding problem of signal refections when embedding flters in RF 
systems. Whereas conventional flters are fully refective in the stopband, 
our new X-series refectionless flters are matched to 50Ω in the passband, 
stopband and transition band, eliminating intermods, ripples and other 
problems caused by refections in the signal chain. They’re perfect for pairing 
with non-linear devices such as mixers and multipliers, signifcantly reducing 
unwanted signals generated due to non-linearity and increasing system 
dynamic range by eliminating matching attenuators2. They’ll 
change the way you think about using flters in your design!

Jump on the bandwagon, and place your order online  
today for delivery as soon as tomorrow. Need a  custom  
design? Call us to ta lk to our enginee rs about a 
reflectionless filter for your system requirements.

Filter

Standing waves out-of-band

  Tiny 3x3mm QFNX-Series 

Refectionless

Conventional

✓ High pass, low pass 
 and band pass models

✓ Patented design 
 eliminates in-band spurs

✓ Absorbs stopband signal power 
 rather than refecting it

✓	Good impedance match 
 in passband stopband and transition

✓	Intrinsically Cascadable3

✓	Passbands from DC – to 21GHz4

✓	Stopbands up to 35 GHz

Stop Signal Reflections Dead in Their Tracks!

$695
1

ea. (qty.1000)

1 Small quantity samples available, $9.95 ea. (qty. 20)
2 See application note AN-75-007 on our website
3 See application note AN-75-008 on our website
4 Defned to 3 dB cutoff point

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

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


Product Feature
JACK BROWNE | Technical Contributor

FAST SWITCHES ARE FINDING  places in test instruments and 

communications equipment at higher and higher frequen-

cies, with applications such as automotive safety systems and 

even backhaul links in Fifth-Generation (5G) wireless com-

munications networks  reaching millimeter-wave frequencies. 

To provide those switching functions, a pair of UltraCMOS 

silicon-on-insulator (SOI) single-pole, double-throw (SPDT) 

flip-chip switch die from Peregrine Semiconductor (www.

psemi.com) offer electrical performance from 9 kHz to 60 

GHz with 8-ns switching speed. 

The switches, models PE42525 and PE426525, are similar 

in physical configuration and performance. The one exception 

is that the PE426525 is designed to operate over an extended 

temperature range for use in hostile environments, including 

oilfields and in military applications. 

The two reflective millimeter-wave switches (see figure) pro-

vide the low loss and high port-to-port isolation desirable in 

any broadband switch, especially for a bandwidth approaching 

60 GHz. For both switches, the insertion loss is typically 0.9 dB 

at 100 MHz, 1.3 dB from 100 MHz to 26.5 GHz, 1.7 dB from 

26.5 to 45.0 GHz, 1.9 dB from 45 to 50 GHz, and 2.6 dB from 

50 to 60 GHz. Typical isolation is 76 dB at 100 MHz, 44 dB 

from 100 MHz to 26.5 GHz, 39 dB from 26.5 to 45.0 GHz, 38 

dB from 45 to 50 GHz, and 38 dB from 50 to 60 GHz. Typical 

return loss is 20 dB at 100 MHz, 18 dB from 100 MHz to 26.5 

GHz, 22 dB from 26.5 to 45.0 GHz, 20 dB from 45 to 50 GHz, 

and 12 dB from 50 to 60 GHz. 

Die size is usually 2495 × 2149 µm. The SPDT switches 

are fabricated on silicon wafers that are customarily 200 µm 

thick. In addition, the flip-chip switch die are fabricated with a 

tight 500-µm bump pitch to minimize performance variations 

resulting from different bond wire lengths. Short interconnec-

tions also contribute to excellent time-domain performance, 

with typical switching speed of 8 ns and rise/fall time of 4 ns. 

The settling time is generally 40 ns from 50% of the control 

signal to within 0.05 dB of the final switched signal. 

POWER-FRIENDLY

The switches provide linear operation at moderate power 

levels. The PE42525 has typical recommended high-level 

marks of +26 dBm at 100 MHz and +27 dBm at 26.5 GHz for 

continuous-wave (CW) signals, and +28 dBm at 100 MHz 

and +29 dBm at 26.5 GHz for pulsed signals. The PE426525 

has typical recommended high-level marks of +24 dBm at 100 

MHz and +25 dBm at 26.5 GHz for CW signals and +26 dBm 

at 100 MHz and +27 dBm at 26.5 GHz for pulsed signals. They 

are rated for maximum signal levels of +30 dBm at 100 MHz 

and +31 dBm at 26.5 GHz. 

The switches achieve a typical 1-dB compression point 

(P1dB) of +33 dBm at 40 GHz and a third-order intercept 

point (IIP3) of +48 dBm at 13.5 GHz. Second-harmonic rejec-

tion is typically –74 dBc for an input frequency of 1.0 GHz and 

–78 dBc for an input frequency of 1.9 GHz. 

These miniature millimeter-wave switches provide healthy 

electrostatic-discharge (ESD) protection of 2 kV, 

per the human body model (HBM). They oper-

ate with typical control current of 450 nA, a high 

control voltage of +3.0 V dc, and a low control volt-

age of –3.0 V dc. Model PE42525 is designed for 

operating temperatures from –40 to +105°C and 

model PE426525 for the wider range of operating 

temperatures from –55 to +125°C. P&A: $40 for the 

PE42525 and $48 for the PE426525 (1,000 qty.) 

PEREGRINE SEMICONDUCTOR CORP., 9380 Car-

roll Park Dr., San Diego, CA 92121; (858) 731-9400, 

www.psemi.com. 

Silicon is not often associated with millimeter-wave frequencies, but these switches 

operate to 60 GHz thanks to an advanced silicon CMOS semiconductor process.

SOI SWITCHES Tackle 60 GHz

The PE42525 (left) and PE426525 (right) SPDT switches are supplied as flip-chip 

die, and have similar specs except for operating temperature range. 
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SPOTLIGHTSPOTLIGHTSPOTLIGHT
Product

Connectorized Low Noise Amplifi er, 400 to 1100 
MHz

M
ini-Circuits’ ZX60-
112LN+ is a con-

nectorized low noise 
amplif er with a unique 
combination of low 
noise (1.2 dB), high 
gain (27 dB), and high 
IP3 (+30 dBm) over 
the 400 to 1100 MHz band.  This model also provides excellent 
reverse isolation of 52 dB, making it usable as a buffer ampli-
f er and minimizing interaction with adjacent circuits. It provides 
±1.0 dB gain f atness, +1.65 dBm P1dB and good matching 
with 1.4:1 input VSWR and 1.3:1 output VSWR.  It operates on a 
single +5V supply and comes housed in a rugged, unibody case 
(1.2 x 0.75 x 0.46”) with SMA connectors.

Coaxial 50/75Ω Matching Transformer, DC to 
2500 MHz

M
ini-Circuits’ SFMP-5075+ is 
a coaxial 50/75Ω match-

ing transformer covering the DC to 
2500 MHz frequency range, sup-
porting impedance matching in 
a wide range of systems includ-
ing CATV, broadband networks, 
and more.  This model is ideal 
for 50/75Ω matching in systems 
where minimizing overall signal loss 
is a priority.  The transformer handles RF input power up to 1W 
and is capable of passing DC current up to 350mA.  Measuring 
only 2.22 (l) x 0.67” (dia), the transformer comes housed in a 
rugged, nickel-plated brass case with SMA-F (50Ω) to F-Type-M 
(75Ω) connectors.

Surface-Mount Diplexer Splits DC – 50 MHz and 
950 to 2150 MHz Channels

M
ini-Circuits RDP-
50-2R15+ is a 

50Ω surface-mount 
diplexer with a low 
passband from DC to 
50 MHz and a high 
passband from 950 to 
2150 MHz. This model 
is suitable for a wide range of applications including SatCom
modems, air traff c control, and other multiband radio systems.  
It provides 0.5 dB passband insertion loss, high stop band 
rejection (32 – 74 dB), and RF input power handling up to 1W.  
The unit comes in a miniature, 16-lead, shielded package mea-
suring only 0.5 x 0.5 x 0.18” with wraparound terminations for 
excellent solderability.

Low-Cost Solid State SP10T Absorptive Switch 
with SPI Control, 1 to 6000 MHz

M
ini-Circuits SPI-
SP10T-63 is 

a high-speed, solid 
state SP10T absorp-
tive switch support-
ing applications from 
1 to 6000 MHz. This 
model features control and power supply via a digital snap f t 
connector and is operated using a 3-wire SPI interface compat-
ible with TTL and LVTTL voltages, allowing connection of up to 50 
units in series to the same control line in “daisy chain” conf gu-
ration. The RF switch provides 80 dB isolation, fast switching 
time of just 6µs, and power handling up to +27 dBm.  It comes 
housed in a rugged, aluminum alloy case (3.395 x 4.58 x 0.45”) 
with SMP connectors.

Connectorized 2-Way 0° Splitter/Combiner 
Handles up to 35W, 500 to 10500 MHz

M
ini-Circuits ZN2PD2-14W+ 
is a connectorized 2-way 

0° splitter/combiner providing 
power handling up to 35W as a 
splitter (1W as a combiner) for 
a wide range of applications 
from 500 to 10500 MHz. This 
model provides 1.0 dB insertion loss, 1.15:1 VSWR, 20 dB isola-
tion, 0.1 dB amplitude unbalance, and 2° phase unbalance. It is 
also capable of passing up to 600mA (300mA each port) from 
input to output. Its outstanding combination of high power handling 
and low loss make it an ideal choice for applications requiring 
excellent power transmission from input to output.  The splitter/
combiner comes housed in a rugged, aluminum-alloy case measur-
ing 4.5 x 2.5 x 0.67” with SMA connectors.

Connectorized 50/75Ω Matching Transformer

M
ini-Circuits’ 
Z7550-FFSF+ 

connectorized match-
ing transformer sup-
ports a wide range of 
applications from DC 
to 2500 MHz where 
50 to 75Ω match-
ing is required and 
minimizing overall sig-
nal loss is a priority. 
It provides 0.5 dB insertion loss, 1.7:1 VSWR, and 1W RF input 
power handling.  The transformer is housed in a rugged, compact 
case (1.25 x 1.25 x 0.75”) with F-female (75Ω) to SMA-female 
(50Ω) connectors.

http://www.minicircuits.com
http://mwrf.com


Product Feature
jack browne | Technical Contributor

ElEctromEchanical switchEs and relays have been a part 

of RF/microwave circuits and systems design for some time. 

They can handle reasonable input power levels for their small 

sizes, but are typically slower and larger than solid-state switches. 

Edging closer in speed to solid-state devices, a line of micro-

electromechanical-systems (MEMS) switches from Analog 

Devices (www.analog.com) targets RF/microwave signal switch-

ing in a fraction of the size and power consumption of electro-

mechanical relays while promising considerably faster switch-

ing speeds and much greater reliability. The first two switches 

in the MEMS product line—single-pole, four-throw (SP4T) 

models ADGM1304 and ADGM1004—offer similar wideband 

performance from dc to 14 GHz, with the latter also incorporat-

ing electrostatic-discharge (ESD) protection. 

Analog Devices is no stranger to designing and fabricating 

MEMS devices, supplying MEMS accelerometers for air-

bags in motor vehicles since 1991.The two new RF/micro-

wave switches, manufactured in the company’s own MEMS 

foundry, come in compact packages with silicon caps that 

provide hermeticity (Fig. 1). Each package includes an electro-

statically activated MEMS switch die and a low-current, low-

voltage driver IC (Fig. 2). The integrated driver is TTL/CMOS 

compatible for parallel interfaces; having the driver within the 

same miniature package as the MEMS chip simplifies circuit 

design and saves space on printed circuit boards (PCBs). 

The two switches meet MIL-STD-883 requirements. Thus, 

they are well-suited for automatic-test-equipment (ATE) 

applications with high circuit density and in portable circuits 

and test applications where power is limited power (such as 

from a rechargeable battery).

The MEMS switches are not capacitive, but rather dc-coupled 

for a wide range of broadband applications. They are designed 

for use with nominal supply voltages of +3.1 to +3.3 V dc. The 

devices use spring force for actuation and de-actuation (Fig. 

3), with very little wear on the contacts after an almost incon-

ceivable number of switching cycles. In fact, both switches are 

rated for operating lifetimes of billions of switching cycles. They 

are evaluated with the same reliability testing used by Analog 

Devices for its semiconductor devices to ensure consistency in 

lifetime testing. The two MEMS switches are capable of operat-

ing lifetimes 10× longer than electromechanical relays.

Switch SpecS

In terms of performance, the model ADGM1004 SP4T 

MEMS switch has a 2.5-kV ESD rating per the human-body 

model (HBM); the ADGM3004 doesn’t include ESD protection. 

These miniature switches feature extremely low on-resistance of 

1.8 Ω. Both are usable from dc to 14 GHz, with typical insertion 

loss of 0.45 dB at 2.5 GHz and 0.63 dB at 6.0 GHz. The return 

loss is at least 14 dB at typically 17 dB from dc to 6 GHz. Isola-

tion is customarily 24 dB at 2.5 GHz and 19 dB at 6.0 GHz, from 

the control to an RF output port. Crosstalk is typically 30 dB 

measured at 2.4 GHz. 

Although these are mechanical devices, they provide 

impressive switching speed, with 30 µs typical on switching 

This pair of MEMS switches offers SP4T functionality in miniature components that 

feature companion low-voltage switch drivers for ease of installation and application.

Tiny MEMS Switches Route 
DC to 14 GHz

1. This cutaway 

view of the 

ADGM1304 SP4T 

MEMS switch 

shows the driver 

and switch circuitry 

side by side inside 

an LFCP measuring 

5 × 4 × 0.95 mm.

2. Each of the 

packaged MEMS 

switches also 

contains a low-

voltage TTL/

CMOS switch 

driver for ease 

of use. 
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time and 5 µs typical off switching time. The settling time 

for the rising edge of a switched signal is generally 40 µs and 

typically 8 µs for the falling edge. Both switches offer excellent 

linearity, with typical input third-order-intercept point (IIP3) 

of +69 dBm. The non-ESD-protected model ADGM1304, 

even with its compact size (Fig. 4), is rated for maximum input 

power to +36 dBm. It is quite capable of maintaining high 

signal integrity throughout its frequency range, with second 

harmonics of typically –90 dBc and third harmonics of typi-

cally –85 dBc. 

Model ADGM1004 and its ESD protection come in a 

24-lead lead-frame chip-scale package (LFCP) measuring 

5 × 4 ×1.45 mm, complete with TTL/CMOS driver. Model 

ADGM1304 is housed in a LFCP measuring 5 × 4 × 0.95 mm. 

Both switches are frugal on power consumption, requiring 

only 1 µA current during sleep mode. 

These two switches are the first in what promises to be an 

extensive line of miniature high-speed MEMS switches for 

commercial and industrial applications, as well as in rug-

gedized versions for the harsh environments encountered in 

defense and aerospace applications. With their performance 

levels and operating lifetimes, they should provide service to 

those applications without need of replacements. 

AnAlog Devices inc., One Technology Way, P. O. Box 9106, 

Norwood, MA 02062-9106; (781) 329-4700, www.analog.com.

sales@integratech.com +1 (310) 606 0855 

RF Power Transistors and Modules 

eggratech.com +1 (310) 606

GaN,LDMOS,BJT UHF, L, S, C-band 

3. This close-up of the MEMS switch illustrates how different switch 

states are achieved through spring force on the cantilever structure. 

4. The ADGM1304 SP4T MEMS switch (top) occupies a fraction of the 

board space as a conventional drop-in high-frequency relay (bottom). 
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Product Feature
jack browne | Technical Contributor

Satellite-communicationS SyStemS reach to orbiting 

satellites to provide reliable communications on Earth. They 

are subject to interference from the planet and other impair-

ments that can challenge the performance and reliability, but 

regular testing helps avoid problems. 

Testing a satellite-communications (satcom) system, how-

ever, requires a special kind of test instrument, one capable 

of recreating the signal path between a satellite and ground 

station. Addressing that need is a trio of Satellite Link Emula-

tors (SLEs) from dBm Corp., which can recreate the multiple 

paths, noise, and distortion common to satcom systems, along 

with a choice of three bandwidths to suit most testing needs. 

Designed for testing at satcom intermediate frequencies 

(IFs), models SLE9072, SLE90125, and SLE90250 are avail-

able, respectively, with 1-dB bandwidths of 72 MHz centered 

at either 70 or 140 MHz, 125 MHz centered at 140 MHz, and 

250 MHz centered at 1200 MHz. 

These satellite link emulators (see figure) are well-suited for 

testing Earth terminals and satellite payloads, as well as mobile 

transceivers. The firm offers both optional internal frequency 

converters for L-band coverage and compact external fre-

quency converters to translate signals from the emulators to 

higher-frequency signals at L-, C-, S-, X-, Ku-, and Ka-bands. 

The satcom testers use a combination of analog and digi-

tal components to achieve different signal effects. To create 

desired signal effects, such as Doppler shifts, added noise, 

and fading, signals on each channel are first demodulated 

into in-phase (I) and quadrature (Q) components. They are 

transformed into digital signals by means of a high-perfor-

mance 12-b analog-to-digital converter (ADC). 

It is in the digital realm where a digital signal processor 

(DSP) performs its magic, achieving Raleigh and Rician fad-

ing with as many as six paths per channel, precise amounts of 

additive white Gaussian noise (AWGN), and Doppler shifts. 

The digitally processed signals are then converted back to 

the analog realm through a high-resolution, 16-b digital-to-

analog converter (DAC), with I and Q modulation restored, 

noise removed through filtering, and frequency offsets add-

ed by means of a high-speed direct-digital syn-

thesizer (DDS). Upconversion is applied to 

return the signals to their original IFs. 

Each instrument includes generous internal 

flash memory to store digital representations 

of different signal scenarios. An Ethernet con-

nection provides the means to download data 

files for signal emulation. Data files can run at 

playback rates from 1 to 1,000 Hz—whether 

in single steps, continuous loops, forward, or 

reverse—to emulate the many different condi-

tions encountered in satcom systems.

 The SLE instruments accept IF input sig-

nals at a maximum power level of 0 dBm, pro-

ducing delayed and processed output signals 

Versatile testers  

emulate satellite-

Communications links
These sources provide the advanced signal processing to generate test signals with 

delays, fading, and noise as found in modern satellite-communications systems. 

The SLE line of Satellite Link Emulators features a touchscreen front panel for ease 

of use, along with a modular design that allows from one to four channels to be 

installed for flexible satellite link emulation. 
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at the same 0 dBm. The instruments will operate in static 

mode, where signal conditions are fixed, or in dynamic 

mode, with time-varying conditions according to pro-

grammed limits. 

The typical noise floor for each instrument is −141 dBm/

Hz. For the maximum bandwidth (250 MHz), the peak-to-

peak amplitude ripple is typically 1.0 dB. For narrower band-

widths, the amplitude ripple is typically better than 0.5 dB.   

The instruments provide delay ranges depending on band-

widths, with delays of 15 µs to 1,400 ms for a 72-MHz band-

width and delays from 10 µs to 890 ms for 125- and 250-MHz 

bandwidths. Delays can be set with 0.1-ns resolution in static 

mode and with 0.5-ps/s resolution in dynamic mode. Fre-

quency offsets are able to be set for a range of ±3 MHz with 

0.01-Hz resolution. 

Phase offsets can be added from 0 to 180 deg. with 1-deg. 

resolution and better than 1-deg. accuracy, while attenuation 

is adjustable from 0 to 70 dB with 0.1-dB resolution and ±0.2 

dB accuracy. The attenuation can be varied over time, with a 

slew rate of greater than 70 dB/ms.  

These are just a fraction of the capabilities of these three sat-

ellite link emulators. Modeling all characteristics of a satellite 

signal path is certainly not trivial. But the SLE line of emula-

tors, with straightforward, touchscreen-based front panels—

in combination with the firm’s SATGEN II satellite modeling 

software—can significantly cut the time required to create the 

test signals required for satcom system measurements. 

The software, which runs on a standard PC or mobile 

computing device running Windows XP, 7, 8.1, or 10, can 

model signals for as many as eight transceivers for each 

channel. It is able to simulate signal conditions for fixed 

earth terminals, mobile vehicular transceivers, aircraft trans-

ceivers, and maritime satellite transceivers. The software can 

model any satellite orbit, and orchestrate the creation of data 

files for delays, path losses, Doppler shifts, and even atmo-

spheric signal losses as a function of frequency, humidity, 

and temperature.  

dBm Corp., 32A Spruce St., Oakland, NJ 07436; (201) 677-

0008, www.dbmcorp.com
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T
he software, which runs on a standard PC or mobile computing 

device running Windows XP, 7, 8.1, or 10, can model signals for 

as many as eight transceivers for each channel. It is able to simulate sig-

nal conditions for fixed earth terminals, mobile vehicular transceivers, 

aircraft transceivers, and maritime satellite transceivers. 
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New ProductsNew Products

10-kW Amplifer Powers L-Band Radar Transmitter 

For truly high pulsed output power in radar applications, model 2185 

is a rack-mount high-power amplifer (HPA) capable of 10 kW peak out-

put power from 960 to 1,215 MHz. It features nominal gain of 74 dB and 

operates with pulse widths from 1 to 25 µs, duty cycles from 0.1 to 5.0%, 

and pulse repetition frequencies (PRFs) from 1 to 25 kHz. The robust HPA 

achieves its rated output power with input power levels of just −2 to +2 

dBm. It exhibits low spurious levels, at typically −70 dBc, with second har-

monics of nominally −12 dBc and third harmonics of nominally −16 dBc. 

The amplifer has built-in forced-air cooling along with a host of protec-

tion functions, such as input overdrive protection, output-power limiting, 

and thermal management. The fexible rack-mount amplifer is well-suited 

for radar component testing, research, and system development, as well 

as for tactical applications such as identify friend or foe (IFF), tactical 

air navigation (TACAN), and surveillance radar systems. It measures 19.00 × 5.25 × 22.00 in. and weighs 450 lb. It has a 

factory-confgured serial RS-232 or RS422 interface and front-panel touchscreen display. 

EmPoWER RF SySTEmS Inc., 316 W. Florence Ave., Inglewood, CA 90301; (310) 412-8100, www.EmpowerRF.com 

Frequency converter/mixer Tackles 57 to 64 GHz

in anticipation oF the coming millimeter-wave backlinks in Fifth-Generation 

(5G) wireless networks, the model M60-3X2B frequency converter/mixer pro-

vides translation of V-band signals from 57 to 64 GHz. It works with a local-oscil-

lator (LO) frequency range of 28.5 to 32.0 GHz (using an integral ×2 multiplier) 

and an intermediate-frequency (IF) range of 10 MHz to 7 GHz. Conversion 

loss is typically 6 dB and no more than 8.5 dB when fed with input signals at 

typically 0 dBm. The component draws 10-mA current from a -12-V dc supply. The unit 

is equipped with a female 2.92-mm coaxial connector on the RF and LO ports and a 

female SMA connector on the IF port, although the RF port can be confgured in WR-15 

waveguide. The frequency converter/mixer can be used for both upconversion and down-

conversion. 

SPAcEk LABS Inc., 212 E. Gutierrez St., Santa Barbara, CA 93101; (805) 564-4404, www.spaceklabs.com 

Waveguide Bends channel 90 GHz

a line oF waveguide bends includes models covering 12 

frequency bands from 5.85 to 90 GHz (C-band to W-band fre-

quencies). Available in waveguide sizes from WR-12 through 

WR-137, these bends are suitable for instrumentation, radar, 

satellite communications (satcom), and telecommunications 

systems in commercial and radar applications. They feature 

90-deg. bends with VSWR as low as 1.08:1 and low insertion 

loss. The bends are constructed with gold-plated, oxygen-free 

hard copper (OFHC) or painted copper alloy, depending on 

the model. The bends are also offered with either a CPR-style 

flange or a UG-style flange per the military standard. Most 

models are RoHS-compliant. One of the waveguide bends, 

the WR-15 model SMF-15EB-001, operates from 50 to 75 GHz 

with worst-case VSWR of 1.10:1 and typical insertion loss of 

0.17 dB 

FAIRvIEW mIcRoWAvE, (972) 649-6678, www.fairviewmicrowave.com
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Our promise to you goes beyond selection alone. Sure, Mini-Circuits MMIC products give you over 200 unique models 

from DC to 40 GHz to choose from, but when you choose Mini-Circuits, you’re choosing more than the right component 

for your system. You’re choosing all the advantages of 31 years of in-house, state-of-the-art design experience, absolute 

commitment to excellence in quality, reliable product supply through the lifetime of your system, and assurance of fast, easy, 

engineer-to-engineer application support whenever you need it. Our MMIC products don’t just give you more choice. 

They give you peace of mind that you’re making the smart choice. 

The other guy

MMIC Amplifers

MMIC Mixers

MMIC Multipliers

MMIC Splitter/Combiners

MMIC Transformers

MMIC Couplers

MMIC Filters

Make the Smart Choice…
More than the Industry’s Widest Variety of MMIC Components

Make the smart choice.  Visit minicircuits.com today. 

MMIC Attenuators

Mini-Circuits
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Don’t Settle for Average.

Demand Peak Performance.

Others claim to have fast average measurements, but only 

the 55 Series measures continuous and burst average

power faster than anyone in the industry. It adds wide-

band peak and crest factor measurements, allowing you 

to see all aspects of your device’s performance. This USB 

Sensor delivers results 100 times faster than conventional

meters and with its Real-Time Power Processing™ 

technology captures all glitches with 100ps resolution. 

•	 195	MHz	Video	Bandwidth

•		 3	ns	risetime

•	 100,000	measurements/sec

•	 100	MHz	Sample	Rate

•	 Multi-channel	synchronized	measurements

For more information visit us at www.boonton.com 
or	call	+1	973-386-9696.

The 55 Series USB Peak Power Sensor

Real-Time Power Measurements for Complex  

Communications Signals

Boonton

http://www.boonton.com



