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Planar Monolithics Industries, Inc.
mmWave Attenuators & Phase Shifters

PMI ofers a full line of High Speed, Millimeter Wave, Digitally and Analog 

Controlled, Attenuators and Phase Shifters that reach frequencies up to 40 GHz.  

PMI ofers many standard models, various options are available.  More available 

at http://www.pmi-rf.com/Products/MWC/standardmodels.htm

Digital Attenuators:  

http://www.pmi-rf.com/Products/MWC/standardmodels.htm#Attenuators

Model Number

Frequency 

Range 

(GHz)

Insertion 

Loss  

(dB Max)

Atten 

Range

(dB)

LSB 

(dB)

Atten

Accuracy

Operating 

Input Power

DTA-100M40G-30-CD-1 0.1 to 40.0 8.0 0 to 30 1.0 ±2.5 dB Typ +20 dBm

DTA-22G28G-50-CD-1 22.5 to 27.5 2.2 1 to 51.175 0.04 ±1.0 dB Max +10 mW CW

DTA-18G40G-50-CD-1 18.0 to 40.0 8.5 0 to 50 1.0 ±2.0 dB Typ +24 dBm CW

DTA-26R5G40G-30-CD-1 26.5 to 40.0 6.0 0 to 30 0.03 ±2.0 dB Typ +24 dBm CW

Package Size:   1.8” x 1.15” 0.4”

DC Voltage:   +15 VDC @ 25 mA

Connectors:   2.92mm (F) &

15 Pin Micro-D-Female

Control:   11-Bit TTL

Switching Speed:  

Measured 450 ns

Package Size:  2.0” x 1.8” x 0.5”

DC Voltage:   +15 VDC @ 38 mA

Connectors:   2.92mm (F) &

15 Pin Micro-D-Female

Control:  5-Bit TTL

Switching Speed:   

Measured 0.25 µs 

Model: DTA-100M40G-30-CD-1: Model: DTA-22G28G-50-CD-1

Package Size:   2.0” x 1.8” x 0.5”

DC Voltage:   +15 VDC @ 38 mA

Connectors:   2.92mm (F) &

15 Pin Micro-D-Female

Control:   10-Bit TTL

Switching Speed:  

Measured 0.30 µs 

Package Size: 2.0” x 1.8” x 0.5”

DC Voltage:   +15 VDC @ 38 mA

Connectors:   2.92mm (F) &

15 Pin Micro-D-Female

Control:  10-Bit TTL

Switching Speed:   

Measured 120 ns 

Model: DTA-18G40G-50-CD-1: Model: DTA-26R5G40G-30-CD-1:

Model Number

Frequency 

Range 

(GHz)

Insertion 

Loss  

(dB)

Phase

Shift

(°)

LSB (°)
Amplitude 

Error

Phase 

Shift 

Error

PS-360-3237-8-292FF 32.0 to 37.0 13.0 358.59375° 1.40625° ±1.5 dB Typ ± 5.0° Typ

PS-30G40G-180-A-292FF 30.0 to 40.0 4.0 180º Typ Analog 1.5 dB Typ 15º Typ

Package Size:  PE2 Housing 

1.08” x 0.71” x 0.29”

DC Voltage:   0 V   Reference 

+5 V   180º

Connectors:   2.92mm (F) 

Package Size:  1.8” x 1.15” 0.4”

DC Voltage:   +15 VDC @ 20 mA

-15 VDC @ 10 mA

Connectors:   2.92mm (F) &

15 Pin Micro-D-Female

Control:  8-Bit TTL

Switching Speed: 

Measured 450 ns

Model: PS-360-3237-8-292FF: Model: PS-30G40G-180-A-292FF:

Phase Shifters:   
http://www.pmi-rf.com/Products/MWC/standardmodels.htm#PhaseShifters

http://www.pmi-rf.com/Products/attenuators/DTA-100M40G-30-CD-1.htm

http://www.pmi-rf.com/Products/attenuators/DTA-22G28G-50-CD-1.htm

http://www.pmi-rf.com/Products/attenuators/DTA-18G40G-50-CD-1.htm

http://www.pmi-rf.com/Products/attenuators/DTA-26R5G40G-30-CD-1.htm

http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-360-3237-8-292FF.htm

http://www.pmi-rf.com/Products/phaseshift-biphasemod/phaseshifters/PS-30G40G-180-A-292FF.htm
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in 2010, and in 2014 acquired Emerson Network Connectivity 

Solutions, forming Cinch Connectivity Solutions. 

Today, Cinch Connectivity Solutions continues to develop new 

solutions for the changing demands in aerospace, military, and 

industrial markets. belfuse.com/cinch
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www.skyworksinc.com/optocouplers www.skyworksinc.com/technicalceramics

For more information about our hermetic 
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For more information about our advanced 
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Trying to Keep the Noise 
Down
Noise is a limiting factor is many receivers and other systems. 

Essentially, it is unwanted energy that sets the sensitivity of a 

receiver. While it cannot be eliminated, it can be controlled 

and managed, enabling receivers to operate ef ectively with 

low-level signals.

http://www.mwrf.com/test-measurement/trying-keep-noise-
down

Spectrum Apocalypse: The 
Coming Death of Wireless 
Uh-oh! What happens to the future of wireless when we run 

out of spectrum space? T at may seem impossible, but we 

are already well along that path. Practically speaking, all of 

the spectrum from DC to visible light has already been used, 

allocated, or assigned in some way. 

http://www.mwrf.com/systems/spectrum-apocalypse-com-
ing-death-wireless

What are the Top Challenges 
Facing Smartphone 
Manufacturers?
Rising mobile data demand continues to create complex RF 

challenges for smartphone manufacturers. Globally, mobile 

data consumption grew 63% in 2016, and is projected to 

increase sevenfold by 2021, according to the Cisco Visual 

Networking Index. Growth is largely being driven by video 

traf  c, which already accounts for more than half of mobile 

data use.

http://www.mwrf.com/systems/what-are-top-challenges-
facing-smartphone-manufacturers

TCXO Performance Guide 
(And 4 Common Types) 
T is post, part of a series that discusses dif erent oscillator 

types, covers temperature-compensated crystal oscillators 

(TCXOs). More specif cally, you will learn some of the best 

qualities TCXOs typically of er for your applications.

http://www.mwrf.com/components/tcxo-performance-guide-
and-4-common-types

http://www.mwrf.com/systems/spectrum-apocalypse-com-ing-death-wireless
http://www.mwrf.com/test-measurement/trying-keep-noise-downtwitter.com/MicrowavesRF
http://www.mwrf.com/components/tcxo-performance-guide-and-4-common-types
http://www.mwrf.com/systems/what-are-top-challenges-facing-smartphone-manufacturers
http://twitter.com/microwavesRF
http://facebook.com/microwavesrf
http://facebook.com/microwavesrf
http://twitter.com/microwavesRF
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With the ¸SMA100B analog RF and microwave signal 

generator, you test with the best signal to show the true 

performance of your product. The R&S®SMA100B gives you 

a decisive advantage: signals with lowest phase noise, highest 

output power with lowest harmonics and narrowest level-

controlled pulses down to the nanosecond range. 

www.rohde-schwarz.com/ad/purest-signal

Visit us at  

EuMW 2017 in Nuremberg

October 10 to 13

Booth 108 

Helping you achieve the 
highest range resolution, 
lowest doppler frequency 
and optimal power integration

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

Mini-Circuits
¨

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

MMIC SPLITTER/COMBINERS
Ultra-Ultra -Wideband

 EP2C+
1.8 to 12.5 GHz

 EP2W1+
0.5 to 9.5 GHz

EP2K1+
2 to 26.5 GHz

THE WIDEST BANDWIDTH IN THE INDUSTRY IN A SINGLE MODEL!

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

•  Series coverage from 0.5 to 26.5 GHz

•   Power handling up to 2.5W

•  Insertion loss, 1.1 dB typ.

•  Isolation, 20 dB typ.

•  Low phase and amplitude unbalance

•  DC passing up to 1.2A

EP2K-Series, 4x4x1mm

        EP2W-Series, 5x5x1mm

http://www.minicircuits.com
mailto:sales@minicircuits.com
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Are Millimeter 
Waves the 
“Wave” of 
the Future?

W
ithout question, millimeter-wave frequencies are a focal point in 

the RF/microwave industry today. Millimeter-wave technology is 

certainly not new, as these higher frequencies have been utilized 

in select applications for a long time. However, millimeter-wave technology is now 

being counted on to play a significantly larger role than it did in the past.  

Of course, 5G communications is the primary reason behind the interest in mil-

limeter-wave technology. As you have probably heard, 5G networks are expected to 

utilize millimeter-wave frequencies. One main reason why concerns the already over-

crowded spectrum—millimeter-wave bands offer a way around this congestion issue. 

Among the carriers, Verizon is surely invested in millimeter-wave technology. Fur-

thermore, in recent news, AT&T announced that it will expand its fixed wireless 5G 

trials to business and residential customers in Waco, Texas; Kalamazoo, Michigan; 

and South Bend, Indiana by the end of the year. In the same press release, AT&T says 

that “it has gained new insights into millimeter-wave performance and propagation.”

With all of the activity surrounding 5G and millimeter-wave technology, it should 

come as no surprise that test-and-measurement equipment suppliers are focused on 

delivering higher-frequency test capabilities. Don’t expect this trend to stop anytime 

soon.

Two articles in this issue both discuss millimeter-wave technology from differ-

ent perspectives. “Simulate Your Way to Millimeter-Wave 5G Design Success” dis-

cusses how the latest software can be used to overcome challenges associated with 

5G development at millimeter-wave frequencies. It can address a variety of aspects, 

such as hybrid beamforming.

The article “Innovation Leads to Results in Millimeter-Wave Network Analysis” 

talks about how the latest vector-network-analyzer (VNA) solutions are addressing 

millimeter-wave testing. These test solutions provide measurement capabilities at 

frequencies above 100 GHz. Moreover, another article published earlier this year, 

“VNAs Prove to be Essential Tools for 5G Communications” (go to mwrf.com), dis-

cussed the role of VNAs with respect to 5G communications.

To summarize, it is clear that millimeter-wave technology has become a key 

focus area for many companies throughout the industry. With 5G still under 

development, millimeter-wave frequencies may very well represent the “wave” of 

the future. 

Editorial
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The overcrowded spectrum has carriers looking to 

millimeter-wave frequencies as a solution in the next 

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

The industry’s largest selection includes THOUSANDS

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

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

housings for 50 and 75 Ω systems.

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

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

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

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

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

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

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

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

you need to make a smart decision fast!  

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

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

POWER
SPLITTERS

COMBINERS
 as low as  89

¢

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

RoHS Compliant 
Product availability is listed on our website. 

The industry’s largest selection includesThe industry’s largest selection includeshe industry’s largest selection includesT THOUSANDS

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

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

housings for 50 and 75Ω systems.

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

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

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

THE WIDEST BANDWIDTH IN THE INDUSTRY
IN A SINGLE MODEL!

  EP2K1+  2 to 26.5 GHz

 EP2W1+ 0.5 to 9.5 GHz

 EP2C+  1.8 to 12.5 GHz

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

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

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

http://www.ciaowireless.com
mailto:sales@ciaowireless.com
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JACK BROWNE | Technical Contributor

PERHAPS NO INSTRUMENT is more synonymous with microwave 

engineering than the vector network analyzer (VNA). Even the 

name is offbeat, referring to the analysis of vectors rather than 

signals, frequency, or noise. But this instrument in an invaluable 

means of visualizing the fow of microwave signals back and forth 

through a circuit, whether forward or refected, and its amplitude 

and phase characteristics. 

For younger engineers, that frst opportunity to connect a de-

vice under test (DUT) to a microwave VNA may be a bit intimi-

dating, with so many scattering parameters (S-parameters) to 

check on a screen, and the potential to 

measure signals well into the microwave 

and millimeter-wave regions. Fortunately, 

Rohde & Schwarz (www.rohde-schwarz.

us) has made the job of learning how to 

get started on a VNA much easier with 

all the guidance provided in its 46-page 

white paper, “Fundamentals of Vector 

Network Analysis: Primer,” available at 

www.mwrf.com. 

The white paper provides a clear 

explanation of why S-parameters are 

needed when analyzing the fow of sig-

nals through a two-port network or com-

ponent. It uses measurements on a fre-

quency converter as examples of how to 

use a microwave VNA, including analysis 

of single-function components within the 

frequency converters, such as a band-

pass flter. The white paper simplifes the 

interpretation of the Smith chart and how 

it is used to graphically plot data from the 

different S-parameters. 

The white paper steps through de-

tailed explanations of all the key per-

formance parameters of a VNA—such 

as directivity, to assist those who may 

need to specify a VNA, and may be over-

whelmed by the number of commercial 

instruments on the market and the total 

number of performance parameters that 

must be compared to select the best 

analyzer for a particular set of applica-

tions. It also reviews the importance of 

calibration and methods for reducing 

measurement errors, with numerous 

measurement tips sprinkled throughout 

the text. This is a useful piece of literature 

for anyone with limited experience using 

a VNA, or even for those who know how 

to use a VNA but need a handy reference 

guide. 

Book Review

Learn How to Get Started on a Vector Network Analyzer

ni-microwavecomponents.com/quicksyn

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

Design smaller and more efficiently 

with National Instruments QuickSyn 

synthesizers. The revolutionary phase-

refining technology used in QuickSyn 

synthesizers enables blazing fast 

switching speeds, very low spurious 

and phase noise performance, wide 

frequency range, and small footprint.

FASTER, QUIETER, SMALLER

QuickSyn Lite Synthesizer

© 2016 National Instruments. All rights reserved.

http://www.rohde-schwarz.us
http://www.rohde-schwarz.us
http://www.mwrf.com
http://www.ni-microwavecomponents.com/quicksyn
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•	RF Input 50Ω-Matched from 100MHz
to 40GHz

• 35dB Log-Linear Dynamic Range to
±1dB Accuracy
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The LTC5596 provides accurate RF power measurement covering a wide frequency range from 100MHz to 40GHz, over
temperature variations and wide signal levels–regardless of signal type or modulation waveforms, including OFDM, high
order QAM, multi-carrier and radar signals.

 Measure RMS Power to

40GHz
Improve Measurement Accuracy and Detection Sensitivity

2mm x 2mm
footprint

Find your local sales office: www.linear.com/contact
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F
or years, automotive chipmakers have followed a for-

mula. Larger suppliers like Infineon and Renesas have 

not only devised chips but also manufactured them personally. 

But foundries are trying to flip the script.

TowerJazz announced new manufacturing options for 

customers eyeing SiGe, RF CMOS, and RF SOI technology 

for cars, which have strict reliability and quality needs. The 

specialty purveyor is aiming to tap into the growing market 

for radar sensors that cover blind spots and wireless chips 

that chat with nearby cars about their location.

The “specific version of these technologies used for auto-

motive have been optimized both in performance and to 

meet the high reliability and quality requirements of the 

automotive market,” said Marco Racanelli, senior vice presi-

dent of the RF and high performance analog business at 

TowerJazz, which already mints power management chips 

for electric cars.

That strategy has a strong economic basis. IHS Markit pre-

dicts that sales of advanced driver-assistance systems for safety 

applications will rise to 302 million in 2022, up from 115 mil-

lion in 2016. These units require cameras, lidar, radar, and 

other chips that wirelessly share vehicle position and speed.

What TowerJazz changed is evident in its SiGe platform, 

which has been customized to handle more transistor 

options, metallization schemes, and passives like capacitors 

and inductors. That lets customers adjust for speed and noise 

to optimize radar transmit and receive functions. The firm 

also plans to make switches and other chips for wireless front 

ends that help with vehicle-to-everything communications – 

also known as V2X.

The foundry said 

t hat  t he  Japanes e 

parts supplier Denso 

had signed onto its 

SiGe process. With 

it, Denso devised a 

24-GHz radar chip 

that aids collision 

w a r n i n g  s y s t e m s 

while drivers change 

l a n e s  o r  r e v e r s e . 

Another TowerJazz 

process can produce 

longer-range radar 

chips that operate 

from 76 to 81 GHz.

Denso said that 

it chose TowerJazz 

because its process 

could squeeze more 

At TowerJazz, New Options for 

MANUFACTURING 

AUTOMOTIVE CHIPS
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TRACKING SLEEPERS BY Analyzing Radio Waves Around Them

AN ALGORITHM DEVISED by researchers at the Massachusetts 

Institute of Technology can closely monitor sleeping patterns by 

analyzing radio waves reflected off the human body.

The software, described in a paper presented at the Inter-

national Conference of Machine Learning, measures frequency 

changes that occur when radio waves emitted from specialized 

sensors reflect off a person’s body. That could let anyone analyze 

their sleep patterns at 

home without wearing 

smart wristbands and 

rings to bed.

“Our vision is devel-

oping health sensors 

that will disappear into 

the background and 

capture physiological 

signals and important 

health metrics,” said 

Dina Katabi, a profes-

sor of electrical engi-

neering and computer 

science, who led the 

development of the 

home-router-sized 

sensors.

Katabi, who co-founded home monitoring start-up Emerald, 

and her colleagues have been coming up with new applications 

for the radio sensors, which can analyze pulse and breathing rate 

and detect emotion. The sensors can measure walking speed, 

which experts say could help predict cardiac and pulmonary 

diseases.

The new algorithm calculate body movements, pulse, and 

breathing patterns to determine if someone is lightly sleeping 

or showing symptoms of rapid eye movement, which indicates 

dreaming. The software filters out irrelevant information depend-

ing on the layout of your bedroom and how furniture is arranged.

These variables can change how radio waves scatter around 

a sleeping person, confusing traditional algorithms. But the 

researchers used machine learning to train their software to only 

take relevant information into account.

“Imagine if your Wi-Fi router knows when you are dreaming, 

and can monitor whether you are having enough deep sleep, 

which is necessary for memory consolidation,” Katabi said in 

a statement, referring 

to a process by which 

short-term memories are 

routed into the region 

of the brain that handle 

long-term storage.

These types of wire-

less sleep trackers are 

not exactly new, though. 

ResMed, which sells 

devices that help man-

age sleep apnea and 

other respiratory condi-

tions, released a bedside 

device in 2014 that 

monitors sleepers by 

emitting radio waves to 

measure breathing and 

body movements.

The research team—which included Matt Bianchi, chief of the 

sleep medicine division at Massachusetts General Hospital in 

Boston—says that their system is 80% accurate, similar to elec-

troencephalography (EEG) machines in hospitals, which connect 

to patients via electrodes.

In addition to monitoring and tracking treatments for disorders 

like sleep apnea and insomnia, Katabi and her colleagues sug-

gested that the technology could be used to study Parkinson’s, 

which is associated with complex sleep deficiencies, as well as 

other diseases like Alzheimer’s. n

functions on a single chip. The final product combined SiGe 

transistors, which transmit and receive radar signals, with 

CMOS circuits that control the chip’s digital functions. The 

rear-and-side radar sensor is built into the bumper of the 2018 

Toyota Camry.

“The foundry model in automotive is becoming more 

accepted,” said Amol Kalburge, senior director of strategic 

marketing, in an email. “Our foundry platform solution levels 

the playing field and enables fabless and fab-light companies 

to bring multiple innovative products to market rapidly.”

For TowerJazz, the circumstances could rally business 

through the end of its first decade. Founded in 2008, the 

Migdal Haemek, Israel-based firm recently reported second 

quarter sales of $345 million, up from $305 million in same 

span last year. Profit was $50 million, up 30% from last year’s 

second quarter.

TowerJazz was formed following the merger of Tower Semi-

conductor, based in Israel, and Jazz Semiconductor, based in 

Newport Beach, Calif. The foundry, which runs two factories 

in Israel and two in the United States, partnered with Pana-

sonic in 2014 to give customers access to three additional fabs 

in Japan. n

http://mwrf.com
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News

ANSYS ADDED ALGORITHMS to its core software that faithfully will 

simulate how wireless signals react to colliding with trees and 

buildings as well as hitting patches of electromagnetic interference 

and rainfall.

The tweaks to the company’s software come as engineers face 

challenges to understanding the nature of millimeter waves. These 

high-frequency bands are incapable of passing through walls and 

grapple with other shortcomings. But they are considered vital for 

5G communications. Automotive radar systems also harness them 

to sweep roads for potential dangers.

The updates are not limited to Ansys’ electromagnetic software. 

Mark Hindsbo, vice president of the firm’s design and platform busi-

ness, said in a statement that the software provides “enhanced 

speed and accuracy—enabling more users, no matter their level of 

experience, to reduce development time 

and increase product quality.”

Ansys added shooting-and-bouncing-

ray algorithms to its electromagnetic tool 

HFSS, which uses sophisticated solvers 

to flag emissions and coupling issues. The 

latest solver visualizes the performance 

of antennas mounted onto airplanes and 

cars, which are difficult to simulate without 

lots of processing power.

Ansys also now includes better visual-

ization and modeling of antennas, which 

helps engineers find the ideal location for 

them inside gadgets or large structures 

like ships. The firm also rolled out an RF 

link analysis tool that shows how interfer-

ence hampers radio waves. It can assess 

the effects of rain, buildings, atmospheric 

absorption, and statistical signal fading.

The software is another tool with 

which engineers can chart the behavior 

of millimeter waves, which are particularly 

susceptible to signal fading over long 

distances. Ansys is not alone in trying to 

make that evaluation process easier: In 

June, Remcom added diffuse scatter-

ing prediction to its radio propagation 

software.

Other changes also shave down the 

complexity of meshing, which entails lay-

ing triangular cells on models to prep them 

for simulation. Ansys added what it calls 

broadband adaptive meshing, which auto-

mates the ability of HFSS to refine and 

optimize the mesh using information taken 

from a device’s frequency spectrum.

Also new are enhanced circuit simula-

tion capabilities. Ansys allows engineers to 

assemble an electronic system with pack-

aging, sockets, printed circuit boards, and 

connectors in three dimensions. Then, 

the entire system can be subjected auto-

matically to electromagnetic and transient 

circuit analysis. n

ANSYS TRACES SIGNALS Emitted from Cars and Airplanes
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News

BROADCOM ANNOUNCED ITS first series 

of chips for a new type of Wi-Fi, which 

uses multiple antennas to make more 

space in spectrum for wireless gadgets. 

The three products it launched last month 

are for routers, enterprise access points, 

and smartphones.

The new standard, more commonly 

called 802.11ax, will not be agreed upon 

until around 2019. But chipmakers like 

Broadcom and Qualcomm have run with 

early drafts of the standard, which in some 

ways reflects the fact that Wi-Fi remains 

the primary window to the internet for bil-

lions of people.

“Our reliance on Wi-Fi has increased 

tremendously as we stream live experiences 

over social media and upload pictures and 

files to the cloud while also connecting the 

many ‘things’ around our homes,” said Greg 

Fischer, Broadcom’s senior vice president of 

broadband carrier access, in a statement.

The new standard involves coordinat-

ing multiple antennas, which send multiple 

streams of data into devices. An individual 

stream is split again with orthogonal fre-

quency division multiple access, or OFD-

MA, which is the same technology used in 

modern cellular networks. In contrast, ear-

lier types of Wi-Fi created multiple streams 

but assigned only one to each device.

The standard, which is compatible with 

legacy protocols, creates a wider pipe-

line for information and eats through less 

power and spectrum. It aims to provide 

better coverage and faster loading times in 

apartment buildings, offices, stadiums, and 

other locations crowded with smartphones 

and other gadgets.

Broadcom, which has started sampling 

the chips to companies like Netgear and 

Microsoft, was not first out of the gate. It 

fell behind Quantenna, a scrappy competi-

tor that began sampling a pair of 802.11ax 

chips in the wake of an initial public offering 

that raised $107 million late last year.

Broadcom hopes that its three products 

will inspire customers to create new Wi-

Fi routers, gateways, enterprise access 

points, and smartphones that fit the stan-

dard. Competitors could also contribute 

to the larger market: This past February, 

Qualcomm also announced its first range 

of 802.11ax chips. n

BROADCOM PILES INTO New Generation of Wi-Fi

DEREK ABERLE, QUALCOMM’S president 

and second-in-command, will leave the 

beleaguered chipmaker as it tries to repel 

revolts from regulators and customers 

unhappy with its patent licensing business.

Aberle, who will leave at the end of the 

year, has been president since 2014. For 

six years before that, he led the company’s 

patent licensing unit, which has been 

rocked in recent years by regulatory battles 

and a major patent lawsuit from Apple.

Aberle’s exit comes as customers and 

regulators air grievances with how Qual-

comm calculates fees on devices sold 

using its wireless patents. Apple and other 

smartphone makers pay a percentage of 

their sales to access these patents, which 

contain standard technology for tapping 

into 3G and 4G wireless networks.

A statement from Qualcomm did not 

say why Aberle decided to leave. It also did 

not say whether the recent legal scuffles 

had anything to do with the decision or 

not. Qualcomm has cut revenue forecasts 

in recent months amid battles over patent 

royalties it charges customers.

After paying a $975 million fine over its 

licensing practices in China, Qualcomm 

has faced scrutiny in South Korea for alleg-

edly holding its chip supply hostage to sign 

better licensing deals and giving rebates 

to companies that agreed to buy its chips 

exclusively. It is also under antitrust inves-

tigation in the United States, Europe, and 

Taiwan for withholding patents from com-

petitors, among other allegations.

After Aberle leaves, the president of 

Qualcomm’s licensing business, Alex Rog-

ers, will start reporting directly to chief 

executive Steve Mollenkopf. Rogers has 

been the head of patent licensing since 

March 2016. n

QUALCOMM’S ABERLE TO Leave at Year’s End
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R&D Roundup

A
NTENNAS ARE THE BEGINNINGS and ends of most 

wireless communications systems, and are growing in 

numbers as wireless RF/microwave technologies are 

increasingly employed in applications ranging from automo-

tive radars to Internet of Tings (IoT) sensors. But antennas 

add size and weight to a system, depending upon the frequen-

cy and wavelength, requiring newer antenna designs to consider 

multiple resonator arrangements for multiple-band frequency 

coverage with the equivalent of a single antenna.   

With that goal in mind, researchers from the Society for the 

Applied Microwave Electronic Engineering and Research Center 

for Electromagnetics in Chennai, India have created an antenna 

design based on a shared-aperture-antenna (SAA) concept, in 

which multiple planar antennas are embedded into a single an-

tenna structure. The multiple-frequency-band antenna is a pos-

sible lightweight solution for airborne and unmanned-aerial-ve-

hicle (UAV) applications requiring lightweight antennas capable 

of operating over several different frequency bands. 

The number of antennas carried by an aircraft continues to 

increase, but that number is limited by the size and weight of 

each discrete antenna. The SAA concept allows all of the anten-

nas to share a common compact space and operate simultane-

ously, without causing interference with the other antennas in 

the shared aperture space. For this particular SAA design, each 

antenna was designed independently and simulated with a three-

dimensional (3D) electromagnetic (EM) simulation software 

program, ignoring mutual coupling effects between the different 

antennas. Following the design of each independent antenna, 

they are integrated into the SAA configuration and measure-

ments are performed on the common structure. 

The researchers found that the critical factor in the design of 

an SAA structure is the optimum placement of the individual an-

tennas. The coupling between ports plays a key role in finding 

the optimum performance of the integrated antenna structure. 

Optimization can be performed with the aid of measurements 

of the reflection coefficients of the separate antennas in differ-

ent placements. The L-band antenna was set in the middle of 

the antenna structure as a reference, and the other four anten-

nas were moved one at a time within the SAA configuration 

to observe the effects on different antenna gain and reflection 

coefficient parameters. 

Once optimum positions were found for each antenna, the 

placement of the SAA relative to the body of the aircraft upon 

which it was mounted was analyzed and optimized to better 

understand finite ground-plane effects on the SAA structure. 

Measurements of the prototype, five-antenna structure re-

vealed that the design concept is a feasible solution for aircraft 

requiring multiple antennas for different applications. 

See “Optimizing Phase-Noise Performance,” IEEE Micro-

wave Magazine, Vol. 18, No. 4, June 2017, p. 108.  

PACKING MULTIPLE ANTENNAS into a Compact Footprint

APPLYING ORTHOGONAL Beamforming for Multiple Wireless Users
FREQUENCY BANDWIDTH IS a limited resource, a fact made more 

apparent as the number of wireless communications users contin-

ues to grow. To explore the most effcient use of available band-

width, Researchers from the Suranaree University of Technology 

in Nakhon Ratchasima, Thailand examined the use of orthogonal 

beamforming methods (OBFMs) for multiple wireless communica-

tions users operating at the same frequency.

Wireless technology has become more or less a technologi-

cal fxture in the lives of many people, and that is expected to 

only grow with time; more and more people depend upon wire-

less devices for transferring and storing personal and business 

information on both fxed and mobile communications devices. 

The OBFM concept provides multiple-beam formation at the same 

time and at the same frequency for multiple-user communications. 

All of the signal beams operating at the same frequency are or-

thogonal to one another, ideally with maximum gain in the direction 

of desired users and beam nulls in the directions of other users. 

The researchers developed an OBFM approach in which only 

signal direction-of-arrival (DOA) information on an incoming signal 

was needed for effective multiuser communications with conven-

tional beamforming techniques. A multiple-user wireless system 

based on this approach consists of each user having a wireless 

design with a single antenna element and a base station with a 

suffciently large array antenna to handle the multiple users and 

their individual antenna elements. The researchers developed 

straightforward formulations for calculating the signal vectors of 

the individual users’ signals at the base station. 

Users’ signals consist of line-of-sight (LOS) and non-line-of-

sight (NLOS) signals which are modeled with Rayleigh fading ef-

fects to account for accurate signal characteristics, as observed 

at the base station. Four omnidirectional antenna elements equally 

spaced by one-half wavelength (λ/2) at 2.4 GHz were arranged in 

a linear manner, thus achieving signals at directions of 30, 60, 90, 

and 120 deg. 

Even though the beams exhibited relative high sidelobes, the 

researchers’ OBFM approach resulted in main beams with strong 

attenuation of interference effects from neighboring beams at the 

same frequency. A number of simulations were run with random 

beams within a 120-deg. sector, and the gain was maximized in 

the desired beam direction by using the proposed OBFM ap-

proach. All of the beams operating at the same frequency are 

orthogonal to one another so that beam nulls are pointed in the 

direction of another beam’s main energy for minimal interference.  

See “Orthogonal Beamforming for Multiuser Wireless Commu-

nications,” IEEE Antennas & Propagation Magazine, Vol. 59, No. 

4, August 2017, p. 38.   
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Simulate Your Way to  

MILLIMETER-WAVE  
5G DESIGN SUCCESS

M
odern wireless networks have come 

to a crossroads as mobile users con-

sume more data than ever before, with 

no signs of that trend abating any-

time soon. Data consumption is crammed into an already 

overcrowded spectrum, which means less bandwidth for 

each user. The end result is slower service and increasingly 

dropped connections.  

Enter the millimeter-wave (mmWave) spectrum. This unde-

rutilized frequency spectrum is now being eyed as the answer 

to the bandwidth shortage. However, the ability to transmit 

large amounts of data isn’t the only trait that makes mmWaves 

so appealing. These waves are broadcast at extremely high fre-

quencies, between 30 and 300 GHz, and those high frequen-

cies can deliver faster wireless communication—exactly what 

5G aims to deliver. 

With its ability to handle much more data traffic at much 

higher speeds than today’s cellular networks, mmWave is seen 

as a critical linchpin in making 5G a reality. But that vision is 

not without its engineering challenges. 

PHASED ARRAYS AND BEAMFORMING: CHALLENGES 

AHEAD

Two crucial technologies in the delivery of 5G services are 

the phased-array antenna and hybrid beamforming. Phased-

array antennas provide a way to leverage high-capacity—but 

high-loss—mmWave frequencies for 5G systems. Beamform-

ing controls the direction of the reception or transmission of 

signals at the antenna array. 

Together, these technologies improve signal quality, reduce 

interference, and boost cell coverage. This is especially vital at 

the cell edge, where performance demands are at their highest 

and user devices experience the most degraded signal-to-

noise conditions and highest levels of inter-cell interference. 

A key advantage of using beamforming with the phased-

array antenna design is that it provides higher link-level gains 

to overcome direct path loss and undesirable interference 

sources in 5G systems. The downside is it can be costly to 

implement, often requiring a transmit/receive (T/R) module 

dedicated to each antenna-array element. 

Hybrid beamforming offers designers a way to mitigate this 

cost by partitioning beamforming between the digital and RF 

domains. Hybrid-beamforming designs combine multiple 

array elements into subarray modules. Also, because a single 

T/R module can be dedicated to multiple elements in the array, 

the 5G system requires fewer T/R modules. 

While it’s clear that phased-array antennas and hybrid 

beamforming will be critical to supporting a 5G future, these 

technologies present two important challenges:

• Accurate verification and visualization of hybrid-beam-

forming signal performance at the phased-array antenna: 

Accurate verification is critical to ensuring the 5G system 

works optimally and that it complies with emerging 5G 

specifications. The issue is that there are many aspects of a 

5G system. Without the right channel models and simulation 

functionality, accurately verifying that they all work together 

is next to impossible. 

• Addressing spurious harmonics and intermodulation 

interference (intermods): An often overlooked, but extremely 

important aspect of phased-array antenna design, is simula-

tion of the spurious harmonics and intermods generated by 

amplifiers and mixers radiating through the phased array. 

Spectrally, when these beams are at spurious frequencies, they 

may violate FCC emission rules on allowable effective isotro-

pic radiated power (EIRP). Spatially, the spurious beams may 

also interfere with nearby antennas or multi-beam operation 

of the active electronically steered array (AESA). These factors 

can result in phased-array deployment failures in the field, 

both in 5G and aerospace/defense applications, which are 

typically costly and difficult to fix.

Software tools specifically geared to 5G can help designers overcome the challenges 

associated with development at millimeter-wave frequencies.

HOW-SIANG YAP | Keysight Technologies 
www.keysight.com
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Millimeter-Wave 5G Design

TURNING TO SIMULATION 

These issues can be addressed through simulation, but not 

just with any commercially available simulation tool. On the 

contrary, the ideal solution must support emerging and future 

5G standards and offer a range of 5G functionality, as well 

as support for mmWave channels. It should give designers 

the flexibility to create pre-5G-compliant reference designs. 

Furthermore, it must allow for verification of phased-array 

hybrid beamforming and antenna diversity between the base 

station and handset in 0.5- to 100-GHz mmWave channels 

with Verizon-KT 5G signals. 

The ideal simulation solution should also be able to account 

for a range of RF effects (e.g., the ability to incorporate 

S-parameters of off-the-shelf phase shifters and attenuators, 

and X- or Sys-parameters of nonlinear amplifiers and mix-

ers). As a result, designers could characterize the radiation of 

spurious intermodulation signals from the array in terms of 

direction and power, ensuring accurate phased-array antenna 

design. Additionally, it should offer a 5G standards verifica-

tion library that cellular systems and component designers can 

use to start pre-5G now, and continue using when the final 5G 

New Radio (NR) standards become available.

How would such a simulation tool address the two pre-

viously identified challenges? Consider the first challenge: 

verification. 5G hybrid beamforming requires the design of 

phased-array antennas that are fed with phase and amplitude 

excitations. These excitations are generated through the com-

bination of analog-RF phase shifters and attenuators, together 

with baseband complex precoding signals. 

Baseband precoding is a computationally intensive process. 

It is performed in the base station by estimating the mmWave-

channel state information from received user signals, and then 

selecting the optimal precoding complex modulation from 

a code book to be applied to the signal streams for each user.

Each user signal stream is further refined through addi-

tional complex baseband precoding. This added step ensures 

optimal transmission from the base-station phased array to 

the user handset. As shown in Figure 1, the handset may also 

include multiple antennas. In this figure, the actual electro-

magnetic (EM) antenna pattern is used to realistically model 

the signal gain from different orientations of the handset with 

respect to the base station. A commercially available simula-

tion tool with 5G verification functionality is used for this 

exercise. Handset diversity simulation is enabled by adaptively 

switching between antennas with the highest received signal 

strength for the best data throughput.

Using this process, the complete 5G end-to-end data 

throughput rate can be simulated realistically to verify that all 

aspects of the systems are optimally designed to work together, 

including:

• Hybrid RF-digital beamforming and pre-coding DSP 

algorithms

• RF phased-array MIMO system architecture at base 

station

• Handset multiple-antenna placement and radiation 

patterns

• 5G signals and modulation formats for optimizing 

time, frequency, and spatial resources

• RF linear and nonlinear components characterized by 

S-, X-, or Sys-parameters

Much like the solution to the verification challenge, the 

solution to addressing spurious harmonics and intermods 

is simulation. By employing a simulation tool with 5G func-

tionality, designers can accurately predict the frequency, 

direction, and root cause of spatially radiated spurious har-

monics and intermods. 

1. Keysight’s System-

Vue 2017 supports 5G 

link-level validation 

with phased-array 

antennas and hybrid 

beamforming in a 100-

GHz mmWave channel 

(based on 3GPP). It 

is the only simulation 

tool to implement this 

advanced channel 

model.
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Millimeter-Wave 5G Design

By analyzing the root cause of spurious intermods, design-

ers can easily identify how they are generated, the components 

that generate them, and through what signal paths in the RF 

chain. With this information, it then becomes possible to fix 

any flaws before hardware implementation and before they 

turn into costly, difficult-to-fix problems (Fig. 2).

AN EASIER PATH TO 5G

While 5G standards are still evolving, it’s clear the quest 

for higher data rates will not dissipate any time soon. Higher-

frequency mmWave spectrum is one way to accommodate 

increases in data consumption, but its use further compli-

cates the design and verification process. Fortunately for 

designers, these challenges can be mitigated through the 

appropriate simulation. 

Granted, finding a simulation tool specifically equipped to 

handle emerging 5G standards like Verizon-KT 5G, as well 

as work with mmWave channels, is paramount. A simulation 

solution can also be used for pre-5G development right now. 

Once the 5G NR standard is finalized, the tool is even better. 

It not only gives RF and baseband designers the earliest pos-

sible head start in entering the high-margin 5G system and 

component market, but also puts them on the right path to 

5G success.  

2. Using SystemVue 2017 can help identify the root cause of spurious 

intermod beams from a phased array.
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Metamaterials have been under study for several decades due to their novel 

electrical characteristics and becoming more practical with the growing use of 3D 

metal printing. 

Metamaterials Provide 
Novel EM Capabilities

METAMATERIALS ARE ENGINEERED materials that are capable 

of characteristics not found in naturally occurring materi-

als. They can be fabricated with negative refractivity, which 

causes an electromagnetic (EM) wave to reflect in a direction 

opposite of what might be expected. Since metamaterials can 

be structured to affect sound and light waves as well, a great deal 

of experimentation has been performed with these materials 

to control audio sound levels and even to control the amount 

of light reflecting from an object, possibly to the point of invis-

ibility—having all light reflecting away from a viewer. One of 

the attractions for performing research on metamaterials, which 

can be produced by three-dimensional (3D) metal printers, is 

that they can render an object invisible to sound, light, and EM 

waves, enabling them to be used as a “cloaking” device against 

radar detection.

Metamaterials are composites formed with an artificial 

periodic structure (Fig. 1). It is the configurations of these 

periodic structures that result in “unnatural” material charac-

teristics, including the modification of a material’s electrical 

permittivity (ε) and magnetic permeability (μ). By designing 

the configuration of the periodic structures, the dispersion, 

refraction, and reflection of an EM wave can be controlled. 

In terms of practical RF/microwave engineering, the use of 

metamaterials with certain transmission-line structures has 

enabled the miniaturization of microwave filters in ways that 

defy the normal impedance/transmission-line/wavelength rela-

tionships (see “Metamaterials Form Miniature Bandstop Filters” 

on mwrf.com) http://www.mwrf.com/passive-components/meta-

materials-form-miniature-bandstop-filters). The effect of meta-

materials on EM waves extends from radio waves to well into 

the optical region. In the microwave frequency range, the use of 

metamaterials as the basic for transmission-line structures such 

as split-ring resonators (SRRs) and complementary split-ring 

resonators (CSRRs) has led to the development of much-needed 

components that can be significantly miniaturized by fabricat-

ing them on these materials, including antennas, filters, phase 

shifters, and resonators. Such structures can be combined with 

conventional microwave transmission-line technologies, such as 

microstrip, to create circuits that operate at “subwavelengths” of a 

design frequency, resulting in component sizes a fraction that of 

conventional circuit designs. 

Finite-element three-

dimensional (3D) EM simu-

lation software has proven 

to be an invaluable tool in 

the design of these “mixed-

technology” circuits, since 

material parameters can be 

entered and stored to create 

working models of the meta-

materials. When it is time to 

manufacture a metamaterial 

microwave circuit, additive 

manufacturing techniques, 

in which different materials 

are layered on top of each 

other to create a composite, 

have proven to be an effective method for producing metama-

terial components. Additive manufacturing is becoming more 

practical with the increasing availability of 3D direct metal 

printers that can transform the powdered forms of the metals 

required into the film layers needed for a metamaterial circuit.

CREATING AN ILLUSION

Through manipulation of the period structures of these 

materials, it is possible to achieve simultaneous negative per-

mittivity and permeability, resulting in what is known as left-

handed materials (for having refraction and reflection char-

acteristics that behave in the reverse manner as standard, 

right-handed materials). The phenomenon of producing 

materials with negative permittivity and permeability has led 

to a great deal of the “sensationalism” attached to metamateri-

als in recent years, including the possibility that metamaterials 

could be used to achieve optical invisibility by altering the way 

that light waves reflect and refract from the surface of a meta-

material, essentially by steering the light waves away from the 

path of a view so that the object covered with the metamaterial 

is rendered invisible. 

These same material capabilities at lower EM frequencies 

have captured the attention of military systems designers and 

JACK BROWNE | Technical Contributor

Engineering Essentials

1. Compact radar systems have 

been built around metamaterial 

electronically scanned array 

(MESA) antennas and other 

metamaterial-based components.

(Photo courtesy of Echodyne)
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Engineering Essentials

defense research organizations such as the Defense Advanced 

Research Projects Agency (DARPA, www.darpa.mil), which see 

many possibilities for the application of metamaterials beyond 

just the miniaturization of high-frequency components, includ-

ing for terahertz (THz) frequency applications and as “cloaking” 

devices. By using the negative permittivity and permeability 

characteristics of metamaterials, for example, an aircraft or a 

ground vehicle covered in the metamaterials could be rendered 

invisible to an adversary’s radar beams and detection.  

DARPA recently awarded nearly $8 million (USD) to Penn 

State University, specifically to Doug Werner, John McCain, 

and Genevieve McCain, to continue their research into meta-

materials. This is actually a combined award from DARPA, the 

U.S. Navy, and Lockheed Martin (www.lockheedmartin.com), 

with DARPA ‘chipping in” more than $5 million. Werner is the 

director of the Computational Electromagnetics and Anten-

nas Research Lab (CEARL) at the university, and the funding 

is intended to develop EM cloaking technology, as might be 

used as a defense against detection by enemy radars. The 

funding is also expected to deliver advanced software simula-

tion tools for the modeling and design of metamaterials and 

metamaterial-based components. Penn State will take the lead 

on the project, and will collaborate with researchers from Pur-

due University, Rensselaer Polytechnic Institute, and ExH Inc.

INTEREST IS SPREADING

A number of leading universit ies are involved in  

metamaterial research, including Duke University and its 

Center for Metamaterials and Integrated Plasmonics (CMIP, 

www.metamaterials.duke.edu), the University of Notre 

Dame, Oregon State University, and Boston University. In 

addition, a number of new companies are forming to pursue 

the promise of metamaterials throughout the EM spectrum. 

At “lower” microwave wavelengths, for example, Echodyne 

(www.echodyne.com) has developed a series of metamate-

rial electronically scanned array (MESA) antennas and other 

metamaterial-based products that are providing unique capa-

bilities to military, industrial, and commercial customers. The 

patented MESA products are enabling the development of 

compact, lightweight radar transceivers with electronically 

scanned radar capabilities for small aircraft and unammed 

aerial vehicles (UAVs). These metamaterial antennas (Fig. 1) 

and systems show negligible radar cross-sections (RCSs) to 

an enemy radar and are well suited for integration in UAVs 

intended for surveillance applications. The company also 

offers a ground version (MESA-SSR) of the metamaterial-

based radar system which can be integrated into any site for 

surveillance and security applications. This ground-based 

system operates like a phased-array radar with true beam 

scanning in both azimuth and elevation. It can track airborne 

and ground-based targets at the same time (Fig. 2), as well as 

walkers from a distance of about 1.4 km. 

Kymeta Corp. (www.kymetacorp.com) has also commer-

cialized metamaterials, into several lines of innovative anten-

nas and antenna modules. The mTenna antenna subsystem 

modules (ASMs) are compact, lightweight flat-panel antenna 

assemblies with no moving parts that can be used for transmit 

and receive functions with a single aperture. The metama-

terial-based antenna designs realize the capability of these 

materials to perform amplitude and phase control of separate 

antenna elements, to achieve the performance of a phased-

array antenna in a fraction of the size. Electronic beam steer-

ing is performed by means of software control. 

At optical wavelengths, Metamaterial Technologies Inc. 

(MTI, www.metamaterial.com) has developed metamaterial 

product lines based on altering the flow of light waves. The 

company’s product lines include Lamda Guard optical filters, 

to block light and protect vision; 

Lamda Lux films, to enhance the efficiency and output of 

light-emitting-diode (LED) lighting; and Lamda Solar films, 

to absorb light and increase the efficiency of solar cells. The 

Lamda Guard filters, for example, can be engineered to block 

specific wavelengths of light to protect vision, such as for 

pilots. The materials and light in weight and adhesive, and 

can be attached to any surface. Since 2014, the company has 

worked in partnership with Airbus to develop optical filters 

to protect pilots’ vision from laser strikes. MTI recently signed 

a $5.6 million agreement with Lockheed Martin to develop 

MTI’s metaSOLAR product line. The materials will be used for 

solar energy harvesting. 

Research on metamaterials is ongoing and is sure to lead 

to wide acceptance of these novel materials in applications 

throughout the EM spectrum. While efforts are being made to 

better understand the materials and how to efficiently manu-

facture them, much research is also focused on the modeling 

and simulation of the materials, with broad opportunities 

ahead for suppliers of software simulation tools ready and 

willing to integrate accurate metamaterial models within their 

simulation programs. 

2. Ground-based radar systems used metamaterial-based flat-panel 

antennas can provide surveillance of the ground and UAVs simultane-

ously.  (Photo courtesy of Echodyne)
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These broadband network analyzer 

solutions have been unleashed to meet 

the growing need for millimeter-wave 

testing.  

Innovation Leads to 
Results in Millimeter-Wave 
Network Analysis

SUREN SINGH | Industry Application Specialist, Keysight Technologies

www.keysight.com

Industry Trends

THE CHARACTERIZATION AND 

modeling of broadband devic-

es presents many challenges, 

and these become more diffi-

cult as new-generation designs move 

up to millimeter-wave frequencies. When assessing 

a vector network analyzer (VNA), which is the most com-

monly used tool, the crucial attributes beyond single-sweep 

frequency range include stability and uncertainty across the 

entire measurement band.

A new solution is a broadband millimeter-wave network 

analyzer, which provides exceptional measurement perfor-

mance with stability within 0.015 dB and 0.15° over a 24-hour 

period. Keysight Technologies’ N5290A and N5291A broad-

band millimeter-wave network analyzers cover a frequency 

range of 900 Hz to 120 GHz (Fig. 1). They leverage the com-

pany’s capabilities in terms of metrology and calibration, 

providing traceable, metrology-grade results across the full 

frequency range.

INNOVATING IN TECHNOLOGY AND OPENING NEW 

DOORS

Millimeter-wave technology has been around for decades, 

primarily in aerospace/defense and backhaul applications 

where the benefits have justified the high costs of develop-

ment, manufacturing, and support. More recently, advance-

ments in fabrication have been driving down the cost of 

extremely high frequency (EHF) devices, making them more 

viable in commercial and consumer applications. For example, 

developers using complementary metal-oxide semiconductor 

(CMOS) technology have produced devices with fT greater 

than 500 GHz, and some are aiming to extend this cost-effec-

tive technology into the terahertz (THz) range.

Keysight is among the firms developing EHF components. 

The company’s in-house capabilities in microwave semicon-

ductor technology have led to the creation of a next-genera-

tion indium-phosphide (InP) process that supports transistor 

switching frequencies above 300 GHz. This makes it possible 

to achieve wider bandwidth in the integrated circuits (ICs) 

used in test equipment and other devices.

OVERCOMING THE OBSTACLES TO BETTER 

MEASUREMENTS

Two key issues—guiding signals and generating power—are 

especially challenging in the creation of commercial, off-

the-shelf test equipment that produces accurate, repeatable 

results at millimeter-wave frequencies. Waveguide is a crucial 

example, as it must be as close to perfect as possible to ensure 

proper internal operation of a millimeter-wave instrument. 

1. The broadband millimeter-wave network analyzer solution includes 

an advanced VNA, a test-set controller, and compact frequency 

extenders.
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Managing signals between 100 GHz and 1 THz requires use 

of different waveguide bands. At such short wavelengths, any 

skew in a flange connection can cause unwanted reflections 

that will degrade signal quality and reduce signal power.

Generating adequate power levels is challenging because 

it is difficult to maintain amplifier efficiency and linearity 

simultaneously at these frequencies. This tends to limit the 

maximum power level that a signal generator or network ana-

lyzer can produce.

Once these problems have been solved, the next big issues 

concern calibration of the instrument and its surrounding 

test setup. It is difficult to accurately calibrate power levels at 

extremely high frequencies. However, precise control of power 

is essential to ensure measurement accuracy and avoid dam-

age to the device-under-test (DUT).

For novices, millimeter-wave measurements may seem 

to involve a combination of art, science, and luck. In reality, 

engineers will benefit from a fresh start: set aside old habits, 

take a deliberate approach, and adjust all expectations. For 

example, it’s necessary to pay careful attention to every stage 

of a measurement setup: instruments, cables, and accessories. 

This means taking time to ensure pristine connections, clean 

upconversion of output signals, precise downconversion of 

incoming signals, low-level internal spurious signals, and 

well-managed internal harmonics. These factors are crucial to 

successful network analysis and the characterization of passive 

or active devices (S- or X-parameters, respectively).

UNITING THE ESSENTIAL MEASUREMENT 

CAPABILITIES

Keysight has addressed these details with its new broadband 

millimeter-wave solutions. The measurement platform is a 

PNA or PNA-X VNA operating at either 26.5 or 67 GHz. The 

other core elements are a two- or four-port millimeter-wave 

test-set controller and a set of compact frequency extenders 

(“smart modules”). The latter include ruggedized 1.0-mm 

connectors, convection cooling, and built-in characteriza-

tion data to enable fully calibrated port power at turn-on. To 

simplify benchtop measurements, engineers can mount the 

frequency extenders on an optional desktop positioner.

The new solutions produce measurements that are trace-

able to national measurement institutes. The foundation is a 

1.0-mm calibration kit, and the result is traceable measure-

ment uncertainty for key performance parameters such as 

residual calibration errors, system dynamic accuracy, and 

stability. A companion USB thermocouple power sensor 

(U8489A) covers a frequency range of dc to 120 GHz and 

simplifies source-power calibration with a 1.0-mm connec-

tor and single-connection convenience (Fig. 2). To further 

enhance measurement results, the user can choose to apply 

automatic fixture de-embedding to connectorized measure-

ments or perform calibration at the probe tips to enhance the 

accuracy of on-wafer measurements.

ENHANCING STABILITY AND PRECISION WITH  

MECHANICAL INNOVATIONS

At millimeter-wave frequencies, the overall performance 

of a measurement system also depends on its physical and 

mechanical design. Inside the new smart modules, Keysight 

has applied advanced machining capabilities to fabricate wide-

band coupler technology that provides exceptional stability 

during measurement calibration.

In the test-set controllers and smart frequency-extender 

modules, ruggedized 1.0-mm test ports ensure repeatable con-

nections from measurement to measurement, day after day. 

This reduces calibration uncertainty and further improves 

system-level measurement precision.

TESTING MULTIPLE COMPONENTS IN ONE SETUP

New-generation monolithic microwave integrated circuits 

(MMICs) incorporate components that operate in different 

frequency ranges: baseband, RF, microwave, and millimeter-

wave. A VNA with single-sweep coverage from Hz to GHz 

enables developers to test all those components in one test 

setup.

Wider frequency coverage also reduces the cost of the 

test solution. For example, a 900-Hz start frequency in a 

millimeter-wave network analyzer may eliminate the need to 

purchase a dedicated low-frequency VNA. An added benefit 

is this: The ability to use one analyzer saves time and reduces 

complexity by streamlining the development of test system 

software.

Greater integration inside MMICs and other wideband 

designs often means testing more functions per device 

through fewer access points. The need to connect, disconnect, 

and reconnect the DUT to a VNA or spectrum analyzer is 

inconvenient and time-consuming, whether done manually or 

automatically through a switch matrix.

2. Providing high accuracy and stability, the companion USB thermo-

couple power sensor enables users to quickly and confidently make 

average-power measurements.
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Millimeter-Wave Network Analysis

The most convenient solution is a VNA with a single-con-

nection/multiple-measurement (SCMM) architecture. As 

implemented in the PNA-X network analyzers, engineers 

can measure key characteristics of passive or active devices 

with one set of connections: S-parameters, noise figure, gain 

compression, total harmonic distortion, intermodulation 

distortion, and more. For additional versatility, the SCMM 

capability supports the PNA family’s spectrum analysis mea-

surement application.

SIMPLIFYING COMPLEX TASKS WITH MEASUREMENT 

APPLICATIONS

To help users save time and easily configure complex tasks, 

measurement applications address specific tests and enable 

deeper insights into device performance. The capabilities 

include:

• Scalar mixer/converter measurements: Support scalar 

characterization of mixers and frequency converters

• Gain-compression application: Provides complete 

characterization of amplifiers and frequency con-

verters

• Noise-figure measurements: Enable further charac-

terization of frequency-converter performance

• Differential and I/Q devices application: Simplifies 

testing of amplifiers and mixers

• Spectrum analyzer application: Provides calibrat-

ed multi-channel spectrum analysis up to 120 GHz, 

or into the THz range with compatible frequency 

extenders

These measurement applications are 

also touch-enabled, further simplifying 

complex operations and providing an 

intuitive approach to investigating, char-

acterizing, and troubleshooting broad-

band millimeter-wave devices (Fig. 3).

LEVERAGING A COMMON 

PLATFORM

Good usability is beneficial when 

performing basic measurements such as 

S-parameters, and it becomes essential 

when delving into complex tasks such 

as the characterization of mixers and 

other frequency-conversion devices. To 

help ensure meaningful results in less 

time, many customers asked Keysight 

to build measurement guides into its 

instruments and to present those tools 

on the screen of the analyzer. This is an 

important concept, given the time pres-

sures and design requirements most engineers face. It’s also a 

logical and feasible idea that utilizes the processor, memory, 

and display resources in the latest VNAs.

To address these needs, the Keysight design team pursued 

parallel development along two tracks: measurement perfor-

mance and front-panel usability. To provide a foundation for 

next-generation Keysight VNAs, the development team cre-

ated a common platform that leverages the best attributes of 

the established ENA and PNA network analyzer families.

Two guiding principles were paramount: Be inviting and 

intuitive for new users, but remain familiar and comfortable 

for existing users. The result is a graphical user interface (GUI) 

that is helpful to engineers who, from time to time, need to 

make a variety of measurements—simple or complex—while 

characterizing or troubleshooting a variety of RF components 

or subsystems. It is also useful to experienced users who occa-

sionally need to make highly complex measurements and will 

benefit from reminders about the crucial steps and settings 

(Fig. 4).

All users will appreciate the familiarity of touch-enabled 

GUI technology akin to that used in smartphones, tablets, and 

laptops. The updates include the following attributes:

• 12.1-in. widescreen display with multi-touch GUI

• Easy access to frequently used functions

• Quick setups using touch-activated tabbed softkeys 

and dialog menus

• Intuitive single- and multi-touch gestures to drag-and-

drop or magnify traces

• Versatile, touch-driven marker capabilities

3. The combination of SCMM capability and touch-enabled measurement applications 

accelerates and simplifies the characterization of gain compression (top right), differential 

devices (middle right), and harmonic content (lower right).
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Millimeter-Wave Network Analysis

For added flexibility, the user can also cus-

tomize the placement of traces and windows 

on the analyzer screen. Example capabilities 

include optimal arrangement of traces from 

multiple measurement channels and multi-

page measurement displays through a “tabbed 

sheet” function.

TAKING THE MYSTIQUE OUT OF 

MILLIMETER-WAVE

The N5290A and N5291A broadband mil-

limeter-wave solutions embody Keysight’s 

ongoing mission to provide easier access to 

accurate, repeatable measurements at ever-

higher frequencies and wider bandwidths. 

Built on a foundation of electronic and 

mechanical innovations, the N5290A and 

N5291A deliver metrology-grade precision 

that ensures exceptional system-level perfor-

mance. With these tools, today’s developers 

can take the mystique out of millimeter-wave 

technology and confidently characterize and 

optimize their devices from 900 Hz to 120 

GHz.  

4. The interface includes tasks-specific guides such as this “Millimeter Configura-

tion” screen that helps new or infrequent users achieve better results.

A
t millimeter-wave frequencies, 

the overall performance of a 

measurement system also depends on its 

physical and mechanical design. 
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A
ntennas are vital for communications 

devices, although the continuing minia-

turization of communications products 

has forced antenna designers to follow suit. 

However, due to the fundamental limitations in size and 

performance (Chu’s limit), achieving miniaturization with 

good antenna performance is challenging. Electrically 

small antennas (ESAs) are limited in bandwidth and radiat-

ing efficiency. 

By understanding the effects of antenna size reduction 

on quality factor (Q), bandwidth, efficiency, and gain, it is 

possible to design a miniature antenna without drastically 

compromising performance. To demonstrate the effective-

ness of this approach, an ESA was designed and developed 

for GPS (1.575 GHz) at one-tenth the operating wave-

length. As will be shown, the Q of this proposed antenna 

design is closer to Chu’s limit than an equivalent-sized 

dipole or loop antenna. 

Antenna sizes for many communications applications are 

mainly driven by customer requirements, and are generally 

much smaller than simple quarter-wavelength monopoles. 

Due to fundamental limitations, however, antennas can 

only be made so small without sacrificing tradeoffs in per-

formance. Similarly, very compact antennas with ground 

planes too close to the radiating element suffer from certain 

performance issues.1 The tangential components of alternat-

ing current (AC) flowing on the antenna’s radiating surface 

tend to be nullified by the induced surface current on the 

ground plane.

Attempting to miniaturize an antenna by having radiat-

ing element(s) very close to the ground plane results in low 

Antenna Q diminishes with shrinking antenna size, although it is still possible to achieve 

acceptable Q performance even as antenna designs become electrically small. 

Meet the Challenge  
of Designing Electrically 
Small Antennas
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1. These plots of Q vs. electrical size (wavelength) compare dipole 

and loop antennas with Chu’s limit. 

radiation resistance, high reactance, narrow bandwidth, and 

poor radiation efficiency. The bandwidth capacity of a small 

antenna is approximately inversely related to the radiation Q. 

Hence, antenna miniaturization is quite challenging. Metama-

terials have been quite popular as far as antenna miniaturiza-

tion is concerned. 

These artificial structures can be engineered to support 

negative and zeroth-order modes, which were not available 

in traditional microstrip antennas.2 In general, the frequen-

cies of these resonances are lower than resonances obtained at 

positive modes and, thus, miniaturization is possible without 

sacrificing performance. However, metamaterial-based struc-

tures inherently have high Q and narrow bandwidth.3
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Due to the small radiator size of miniaturized antennas, the 

available gain is usually quite low. Various antenna designs are 

available in the technical literature, but most suffer from nega-

tive gain (loss) and narrow bandwidths.4,5 Recently, a non-

Foster circuit-based matching technique was introduced to 

overcome the fundamental limits in antenna miniaturization 

previously reported.6-8

To evaluate the challenges of designing ESAs, their perfor-

mance parameters were studied and applied to the design of an 

ESA at the GPS frequency (1.575 GHz) using a split-ring reso-

nator (SRR) which exhibits negative permeability. The meth-

odology and layout of the antenna will be presented—and the 

performance of the antenna evaluated—to better understand 

the fundamental limits of an ESA.

The fundamental limit for ESAs was addressed by Wheeler 

in 1947.9 It defined the maximum dimension of an ESA as 

being less than λ/2π. In 1948, Chu10 proposed that these 

small antennas have an inherent minimum value of Q. Since 

the lower limit of Q is inversely proportional to the electri-

cal size of an antenna, it restricts the attainable impedance 

bandwidth for a given antenna size. McLean11 modified this 

earlier work on minimum antenna Q for a perfect lossless 

matching network, and proposed a new Q limit for a small 

linear antenna (QL) as:

QL = 1/ka + 1/(ka)3    (1)

The results were in agreement with Chu.10 Also, the mini-

mum Q for a circularly polarized ESA is given by Eq. 2: 

QL = 0.5[(2/ka) + 1/(ka)3]     (2)

where k = λ/2π and a = the radius of the sphere enclosing the 

antenna. Figure 1 depicts the relationship between Q and the 

electrical size of the antenna. The estimations of Q values for 

loop and dipole antennas are also plotted and are above the 

fundamental Chu’s limits for those antennas.

For the ESA, the antenna radiation Q is represented by Qa

and the matching network Q is represented by Qm. Given 

certain assumptions, the efficiency of an antenna, ηa , can be 

expressed in terms of the efficiency of the matching network, 

ηm, as:

ηa = ηm(1 + Qa/Qm)          (3)

The efficiency of an antenna can be measured using the 

“Wheeler Cap” method in which a metallic “Wheeler Cap” 

with λ/2π radius covers the ESA, and the near-field reactive 

and radiated power is trapped within this cap. 

In a different measurement case, the radiated power propa-

gating in free space is obtained without the cap. The efficiency 

is subsequently estimated, since the loss resistance can be 

separated from the radiation resistance in the post-processing 

of both test cases. The approximate normalized bandwidth 

(BW) for the maximum VSWR in terms of Q can be found 

by Eq. 4: 

BW = (VSWR – 1)/[Q(VSWR)0.5]     (4)

Figure 2 shows the maximum possible bandwidth that can 

be achieved by an ESA with respect to any change in electrical 

size. Since the radiating element is close to the ground plane, 

the radiation efficiency of an ESA is low, the energy stored in 
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Designing Electrically Small Antennas

the near field increases, and the Q is high, resulting in a small 

impedance bandwidth. Also, the gain of an ESA is restricted 

according to the Harrington bound12 as:

G(dBi) = 10log[(ka)2 +2(ka)]        (5)

Figure 3 shows the variation in the gain bound with antenna 

size. For an ESA, ka < 1 and the maximum achievable gain is 

3 dBi.
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6. These EM plots show the surface current distributions at (a) 1.58 

GHz and at (b) 3.02 GHz. 

ESA DESIGN EXAMPLE

Figure 4 shows the circuit geometry of the proposed ESA. 

It consists of a square loop on the top circuit layer, which 

is capacitively coupled to a rectangular split-ring resonator 

(SRR) on the bottom circuit layer. The antenna was designed 

on 1.6-mm-thick FR-4 circuit material with a permittivity of 

4.4 and loss tangent of 0.02. Figure 5 shows the impact of cou-

pling the SRR and the loop antenna. The square loop struc-

ture attempts to resonate at 3.02 GHz but suffers from poor 

impedance matching. However, by including the SRR in the 

bottom circuit layer, not only are these reflections improved, 

but an additional resonance is achieved at 1.575 GHz (as 

shown in Fig. 5).

Figure 6 shows the surface current density of the proposed 

ESA. As can be seen, the current at 1.575 GHz is largely con-

centrated in the bottom layer due to the presence of the SRR. 

At the higher frequency (3.02 GHz), the current is main-

ly present in the square loop. The radius of the sphere that 

encloses the antenna is a = 13.9 mm.
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4. This is the layout of the proposed ESA. All dimensions are in mm: 

L = 30, W = 30, Lf = 5, a1 = 8, a2 = 14, b1 = 18.4, b2 = 21, b3 = 5.2, t1 = 

0.8, and t2 = 1. 
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Designing Electrically Small Antennas

Since the antenna is resonating at 1.575 GHz, the corre-

sponding free-space wavelength, λ0,  is 189.9 mm and the 

wavenumber, k, is 0.033 radians/mm. The value of ka is 0.457. 

Since the antenna is linearly polarized, using the McLean fun-

damental limit for calculating the minimum Q is:

QL = (1/0.457) + 1/(0.457)3 = 12.25    (6)

The normalized bandwidth for a 2.0:1 VSWR can be esti-

mated by the use of Eq. 7:
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8. This is an H-plane radiation pattern of the proposed 1.575-GHz ESA.
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BW = 1/Q(2)0.5 = 5.77%    (7)

The maximum possible gain of the proposed antenna is 

calculated as 0.5 dBi. This is less than the directivity of a 

short dipole (e.g., 1.76 dBi). Figures 7 and 8 show the E- and 

H-plane radiation patterns, respectively, for the proposed 

antenna at 1.575 GHz. The radiation patterns are nearly 

omnidirectional, with low cross-polarization levels in both 

of the planes. 

The designed metamaterial antenna exhibits a percent-

age impedance bandwidth of 2.35% at f0 = 1.58 GHz. This 

corresponds to a Q of 30, which is close to the minimum Q 

obtained from Chu’s limit, as shown in Fig. 2. Thus, the real-

ized gain of the designed antenna is higher than the maxi-

mum gain bound (e.g., 0.5 dBi, by 0.22 dB), with a simulated 

radiation efficiency of 53.5%.

Figure 9 compares the Q of the proposed antenna with 

the fundamental limits for an ESA, loop antenna, and dipole 

antenna. For the same size, it can be seen that lower Q has 

been achieved for the ESA compared to the loop and dipole 

antennas. Also, for the same bandwidth, the electrical size 

of the proposed antenna is much smaller than the other 

antenna structures. This is worth noting because the design 

of small antennas for ka < 0.4 results in negative gain.

In summary, attempts to reduce the size of any antenna 

will yield certain performance tradeoffs because of fun-

damental design limits. However, it has been possible to 

develop a novel ESA with better Q and bandwidth compared 

to equivalent-sized standard dipole or loop antennas. The 

proposed ESA has ka = 0.457, 2.35% bandwidth, and Q = 

30, which is still higher than the fundamental limit for an 

antenna of this small size.  
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A
high-impedance tunable composite right/

left-handed (CRLH) coplanar-waveguide 

(CPW)  transformer provides an effective 

means of matching a 200-Ω load to a 50-Ω 

line. By applying DC magnetic bias, it is possible to tune the 

bandwidth of the transformer, with the center frequency 

changing from 2.8 to 3.4 GHz.  

With a length of 2.4 mm, this transformer represents about a 

78% reduction compared to a conventional transformer in the 

same frequency band. The CRLH transformer’s CPW configu-

ration employs a horizontally magnetized ferrite substrate with 

small demagnetization field so that very little DC magnetic bias 

is needed for tuning compared to microstrip configurations. 

Composite right/left-handed (CRLH) transmission lines 

(TLs) have been proposed as a form of transmission line with 

novel properties.1-4 These TLs have been shown to have effec-

tive negative dielectric permittivity and magnetic permeabil-

ity. The CRLH TLs have been incorporated in many compact, 

multiband microwave components (phase shifters, power 

dividers, filters, oscillators, and antennas).16-21 From these 

components, microwave impedance transformers based on 

CRLH TLs have been developed, characterized by small size 

and wide bandwidth.5,6

A need for tunable and nonreciprocal microwave devices 

and antennas has encouraged researchers to create tunable 

and nonreciprocal CRLH TLs using ferrite substrates.22-26 A 

ferrite medium has nonreciprocal dispersive properties due to 

its dispersive permeability tensor.27 The tuning characteristics 

are achieved by varying the applied DC magnetic bias.

The unique magnetic properties of ferrite substrate material can be harnessed for a 

wideband coplanar-waveguide impedance transformer capable of matching a 200-Ω 

load to a 50-Ω line.

Metamaterial Loads 
Provide Compact 
Matches

Over the ferrite CRLH TLs, it has proven that CPW-based 

devices require less DC magnetic bias compared to microstrip 

configuration.22 Examples of these devices include tunable/

nonreciprocal couplers, resonators, circulators, phase shift-

ers,28-41 and antennas.42,43

Ferrite CRLH TLs can be designed by periodically loading 

a hosting planar ferrite TL by a shunt inductive load, LL, and 

a series capacitive load, CL. The shunt inductive load yields 

negative effective permittivity, while series capacitive load 

results in negative effective permeability. Analysis of a ferrite 

CRLH TL can be performed in a manner similar to that for a 

CRLH TL based on dielectric substrate, using either periodic 

circuit analysis or CRLH analysis. 

For simplicity in both analysis methods, the ferrite TL will 

be expressed in terms of its medium parameters. The propaga-

d

CR

LL

RP

2CL
LR/2

LR/2 2CL

1. Shown is the equivalent circuit model of a ferrite CRLH TL unit cell 

(for transformer case: CL = 0.54 pF, LL = 0.715 nH, LR = 0.2645 nH, CR = 

2.028 pF, and RP = 0.05Ω).
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tion constant along the hosting ferrite TL and its characteristic 

impedance can be expressed in terms of the permittivity and 

permeability of its medium as44:

k = ω(μ0μfε0εf)
0.5        (1)

Z0 = (μ0μf/ε0εf)
0.5         (2)

where μ0 and ε0 are the free space permeability and permit-

tivity, respectively, while εf is the relative ferrite permittiv-

ity and μf is the equivalent relative ferrite permeability of the 

hosting TL, which changes according to the direction of the 

applied DC magnetic field. The equivalent circuit of a lossless 

ferrite CRLH TL unit cell of length (d) can be expressed using 

a standard lossless CRLH unit cell (Fig. 1). 

In the equivalent-circuit model, the parasitic inductance 

(LR) and capacitance (CR) of the hosting ferrite TL substrate 

are calculated in terms of the ferrite medium permittivity and 

the equivalent relative ferrite permeability, which depends of 

the direction of the applied DC magnetic bias. For periodic 

analysis of a ferrite CRLH TL with (a) properly defined equiv-

alent relative permeability of the hosting ferrite TL according 

to the direction of the DC magnetic bias, and (b) the periodic 

length of the unit cells (d) being very small compared to the 

propagating wavelength hence, the dispersion equation can be 

written as:44

cos(βd) = 1 – 0.5ω2d2(μ0μf – 1/ω2CLd)(ε0εf – 1/ω2LLd)     (3)

where β denotes the complex propagation constant of the 

travelling wave along the periodic structure. 

Figure 2 shows a front view of the three-dimensional (3D) 

geometry of the proposed CPW ferrite CRLH transformer, 

with a layout of the transformer in Fig. 3a. The CRLH LH unit 

cell consists of a CPW section loaded by two series air gap 

capacitor and a meandered line inductor (Fig. 3b) and fed by 

CPW TLs at the ends. 

An internal DC magnetic field (H0) is applied to the fer-

rite substrate, producing the saturation magnetization in 

the direction shown. The progressive phase shift and the 

characteristic impedance of a CRLH TL unit cell, of length d, 

implemented on a ferrite substrate, can be redefined approxi-

mately in terms of its medium parameters, the ferrite relative 

permittivity εf, and the relative permeability μf (as illustrated 

in ref. 44):

ϕCRLH = ωd [(μ0μf – 1/ω2CLd) )(ε0εf – 1/ω2LLd)]0.5     (4)

ZCLRH = ZL[(1 – ω2 μ0μfCLd)/(1 – ω2ε0εfLLd)]0.5          (5)

Because of the dispersive nature of the ferrite substrate, the 

ferrite TL has a dispersive permeability such that the progres-

sive phase shift and the CRLH characteristic impedance are 

dispersive.

The ferrite CRLH transformer makes use of these disper-

sive, progressive phase shifts and characteristic impedance so 

that their combination always meets the impedance-matching 

condition. The transformer does not behave like a typical 

quarter-wave transformer. The electrical length, ϕCRLH, will no 

longer be 90 deg. as the DC bias varies, and the characteristic 

impedance, ZCRLH, will also change. But, the overall effect of 

these changes is that the input impedance, Zin, will be almost 

constant for its desired value, forming a tunable transformer.

The initial design of the CRLH transformer was based 

on considering the ferrite substrate as an isotropic material. 

This can be done by assuming a very high DC magnetic bias 

applied to the ferrite substrate (H0 = 50,000 Oe). At this bias, 

the onset frequency of the negative permeability is shifted to 

greater than 60 GHz, which is much higher than the target 

design frequency band.44 Therefore, the ferrite substrate for 

the frequency bands of interest can be characterized as an 

isotropic material.

y
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W S MO
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εf, µf

2. This front view shows the different ferrite CRLH CPW transform-

ers. The ferrite substrate was G-113 material from Trans Tech (www.

transtechinc.com), with h = 1 mm, εf = 15, saturation magnetization 

4πMS = 1780 G, and magnetic linewidth ∆H0 = 25 Oe.
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3. The layout geometry of the ferrite LH CPW high impedance ferrite 

transformer is a = 32.75 mm, L = 2.4 mm, W = 1.8 mm, t1 = 0.4 mm, ta = 

0.5 mm, l1 = 0.5 mm (a). The detailed geometry of meander line induc-

tor is Wm = 0.05 mm, Ls = 0.357 mm, Lh = 0.6 mm, Lv = 0.475 mm (b).
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Metamaterial Loads 

Hence, the ferrite substrate can be characterized only 

with its electric properties within the transformer operat-

ing frequency. Under this condition, the ferrite CRLH 

transformer was designed to match a 200-Ω load (Zload) to 

a 50-Ω TL (Zol) at 3.45 GHz. Accordingly, the CRLH trans-

former should have 100-Ω characteristic impedance (ZLH), 

[ZLH = (Zol Zload)0.5], and +90-deg. phase shift at its output 

terminal. 

These two conditions were fulfilled by the proper selection 

of both loading and hosting CPW TL elements. Comparison 

of the two simulation results is shown in Fig. 4, where good 

agreement of both simulations is apparent.

The phase shift of the ferrite CRLH transformer, achieved 

by applying a high DC magnetic bias of H0 = 50,000 Oe, is 

shown in Fig. 5. The transformer exhibits almost 90-deg. phase 

shift in the LH passband at 3.5 GHz. Figure 5 also shows the 

return and transmission losses of the transformer terminated 

with a 200-Ω load. It is evident that the transformer has mini-

mum return loss better than 25 dB and close to 0-dB insertion 

loss at 3.5 GHz. Also, it has a 3-dB bandwidth from 3.05 to 4.4 

GHz (36%). 

The CRLH transformer is tuned by varying the applied 

DC magnetic bias. Because of the magnetization of the ferrite 

material, the internal magnetic field (H0) is different than the 

external magnetic field (Hex). The relationship between the 

two magnetic fields can be expressed as44: 

Hex = H0 + 4πMSN      (6)

where N is the demagnetization factor for the applied DC 

magnetic bias direction. The demagnetization factor depends 

on the geometry of the ferrite material. As explained in ref. 44, 

the demagnetization factor is almost 1 if the DC bias direction 

is perpendicular to the plane of a rectangular ferrite specimen, 

while it is almost zero if the DC magnetic bias is in plane. 

Therefore, for a CPW structure, the in-plane demagnetization 

field for the shown applied field direction in Fig. 1 has little 

effect. 

However, for improved accuracy, the current study compen-

sates for the external applied DC magnetic bias. Accordingly, a 

uniform demagnetization filed was calculated to be equal to 70 

Oe, which represents the difference between the external and 

internal DC magnetic fields.

To illustrate the CRLH transformer’s tuning capability, two 

more lower DC magnetic bias cases of 1,000 Oe and 3,000 Oe 

were numerically studied (Fig. 6). It is clear that the operating 

frequency of the CRLH transformer can be tuned from 2.8 

GHz in the first case to 3.35 GHz in the second case with bet-

ter than 15-dB return loss and about 0.5-dB insertion loss in 

both cases. The operating bandwidth is tuned from 2.55 to 3.1 

GHz (20%) in the first case and 2.95 to 4.2 GHz (35%) in the 

second case. 

M
ag

ni
tu

de
 (

dB
)

0

–5

–10

–15

–20

–25

–30

–35

Frequency (GHz)

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

S11—HFSS simulation 
S11—circuit simulation
S21—HFSS simulation
S21—circuit simulation 
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= 50,000 Oe, and equivalent-circuit model.
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By increasing the DC bias further, the transformer ten-

ability becomes even more apparent. Figure 7 shows change of 

center frequency versus DC bias. The transformer center fre-

quency exhibits nonlinear variation with the applied DC mag-

netic bias. It increases from 2.8 GHz at H0 = 1,000 Oe to 4 GHz 

at H0 = 1,500 Oe and decreasing to 3.05 GHz at 2,000 Oe. This 

increase/decrease process then repeats two times with small 

frequency variations steps. Finally, the matching frequency 

reaches 3.4 GHz at 4,500 Oe and remains constant to 5,000 Oe.

The nonlinear variation of the center frequency, and spe-

cifically its drop at H0 = 2000 Oe, can be explained as due to 

the nonlinear variation of the hosting ferrite TL permeability 

versus frequency. By emphasizing its change in value versus 

frequency, it can be seen that its value increases from 1 and 

then decreases to negative values within the frequency band of 

negative ferrite permeability, before finally returning to unity 

beyond this frequency band. As a consequence, this nonlin-

ear variation is expected to affect both the progressive phase 

shift and the characteristic impedance of a CRLH TL unit cell 

(defined in eqs. 4 and 5, respectively). 

Verification of the theoretical concept of an CRLH trans-

former can be done by studying the input impedance for differ-

ent DC magnetic bias values. For these two studied cases of H0, 

the input impedance of the CRLH transformer was calculated 

numerically (Fig. 8). These calculations show that the input 

impedance is Zin= 53.232 + j15.218 Ω at 2.8 GHz for H0 = 1,000 

Oe. This changes to Zin= 52.842 + j1.392 Ω at 3.55 GHz for H0

= 3000 Oe. It is clear that the CRLH transformer demonstrates 

close to 50-Ω input impedance at two different frequencies.  
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JACK BROWNE | Technical Contributor

What’s the Difference?

Opting for Single-Layer 
or Multilayer Capacitors
Miniature ceramic capacitors for surface-mount applications on PCBs are often  

available in single- and multiple-layer versions—but why use one type or the other?

C
apacitors are one of the true “building-block” 

components of circuit design, along with resis-

tors and inductors. They come in many shapes 

and sizes, in fixed and variable capacitance values, 

with tiny capacitors based on ceramic dielectric materials among 

the most popular for printed-circuit-board (PCB) applications.  

Both single-layer and multilayer ceramic capacitors are com-

monly used in RF/microwave circuits, attractive for their small 

size for use in surface-mount electronic designs. The two types 

of ceramic capacitors are often available from the same manu-

facturer, which begs the question: Why use one type or the oth-

er? And what are the differences between them? Let’s find out. 

All capacitors are charge-storing components based on at 

least two electrical conductors or plates separated by some 

form of dielectric insulating material. For any capacitor, the 

amount of charge per amount of applied voltage is a function 

of the area of the plates, the characteristics of the dielectric 

material, and the distance between the plates. The capacitance 

for a capacitor formed with two conducting plates is simply:

C = εA/d

where: 

ε = the permittivity of the dielectric material,

A = the area of the plates, and 

d = the separation distance of the plates. 

The voltage potential between the plates is a function of the 

dielectric material and the distance between the plates, and is 

usually described by a parameter known as working DC volt-

age, or WVDC. The energy, E, that can be stored in a capacitor, 

is related to its capacitance value and the applied voltage:

E = (CV2)/2

where: 

E = the energy (in J or W/s), 

C = the capacitance (in F), and  

V = the applied voltage (in V).

An ideal capacitor would store all energy in the dielectric 

material; in real-world capacitors, however, some energy is 

lost due to some loss 

due to the equiva-

lent series resistance 

(ESR) of the capaci-

tor. Higher ESR val-

ues  t ranslate  into 

higher amounts of 

loss for a capacitor. 

The ESR for a capaci-

tor is usually listed in 

Ω with respect to a 

particular operating 

frequency. 

T h e  am ou nt  of 

energy that a capaci-

tor can store is indi-

cated by its quality 

factor (Q). Capacitors with lower ESR values exhibit higher Q 

values, also specified at a particular operating frequency. The 

reciprocal of Q, 1/Q, is also known as the dissipation factor 

or loss tangent of a capacitor and its dielectric material. Usu-

ally given as a percentage, it indicates that portion of the total 

power in a capacitor that is dissipated or lost as heat. 

The greatest number of capacitors that are used in modern 

electronic circuits are fabricated as passive components in 

integrated circuits (ICs), although discrete-component capac-

itors are still required in rather large numbers for PCB applica-

tions. Many of these are in surface-mount-technology (SMT) 

form when used for large-volume applications produced by 

automated manufacturing processes, such as tape-and-reel 

components being fed to robotic pick-and-place machines. 

Ceramic materials are the most widely used dielectrics in 

modern discrete capacitors, with ceramic dielectric material 

providing insulation layers for a wide range of both single-lay-

er ceramic capacitors (SLCCs) and multilayer ceramic capaci-

tors (MLCCs). While the majority of ceramic capacitors for 

PCB mounting are in unpolarized leadless chip form for ease 

of surface mounting (Fig. 1), many different ceramic materials 

are also used in many sizes of ceramic disk capacitors, which 

are polarized with leads. 

1. Thin-film porcelain and ceramic dielectric 

materials provide the insulators in many 

different types of single-layer and multilayer 

capacitors.  (Courtesy of American Technical 

Ceramics)
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Single-Layer vs. Multilayer Caps

As  t h e  n am e  s u g -

gests, SLCCs are typically 

formed monolithically, 

with a single thin ceramic 

layer plated with conduc-

tive electrode material on 

both sides and with plated 

connection points on top 

and bottom. These min-

iature, low-profile capaci-

tors (Fig. 1) are available 

in a wide range of capaci-

tance values, although 

voltage ratings are usu-

ally limited because of the 

small chip sizes. 

An MLCC is formed with alternating layers of conductors 

and dielectric insulating layers, resulting in a structure that 

is the equivalent of a number of single-layer capacitors con-

nected in parallel. This in turn results in an increased capaci-

tance value for an increase in component height. Because of 

the construction and configuration, a MLCC is capable of 

higher capacitance with reduced loss and parasitic induc-

tance compared to a SLCC, with the tradeoff being in slightly 

larger size and height than a SLCC. For high-frequency 

circuits that require relatively large current-carrying capac-

ity, MLCCs provide excellent performance in small package 

sizes. 

Ceramic capacitors are divided into two stability classes: 

Class 1, with high stability and compensation for the effects 

of temperature; and Class 2, with high value of capacitance 

per volume (high volumetric efficiency) as typically needed 

for higher-power applications, but with less stability with tem-

perature and other factors than Class 1 capacitors.

COMPARING COMPONENTS

How do SLCCs and MLCCs compare in terms of basic 

characteristics and performance levels? A sampling of a lead-

ing supplier’s SLCC and MLCC product lines may shed some 

light on the differences between the two types of ceramic 

capacitors. For example, American Technical Ceramics (www.

atceramics.com) offers both SLCCs and MLCCs, available as 

negative-positive 0 ppm/°C (NPO) components with zero 

shift in capacitance as a function of temperature. This trans-

lates into very predictable temperature coefficients for these 

capacitors, with extremely flat capacitance across wide tem-

perature ranges. Both types of capacitors are also available 

with high Q values and low dissipation losses. 

The SLCCs are usable at frequencies to 100 GHz, cover-

ing a total capacitance range of 0.04 to 10,000 pF depend-

ing on package size and voltage ratings to 100 WVDC. The 

electrical performance of any series of SLCCs is dependent 

upon the type of ceramic insulator material and its dielec-

tric constant (Dk), which includes insulator materials with 

extremely high Dk (to 25,000) to achieve the highest capaci-

tance values. 

For example, the company’s ATC 116 series Microcap 

SLCCs offer typical capacitance values of 0.06 to 220 pF in 

square-sided chip capacitors measuring 0.015 × 0.015 in. 

(0.381 × 0.381 mm), and larger models [0.090 × 0.090 in. (2.29 

× 2.29 mm)] available with capacitances as high as 6200 pF. 

The maximum dissipation factor at 1 kHz is 2.5%. 

The same company’s 700A and 700B Series of porcelain and 

ceramic multilayer capacitors also provide the temperature-

stable characteristics of 

NPO dielectric materials 

in multilayer configura-

tions. The smaller 700A 

Series capacitors mea-

sure 0.055 × 0.055 in. 

with capacitance values 

of 0.1 to 1000 pF; they 

are rated for WVDC to 

250 V dc. The Q is great-

er than 10,000 for capac-

itance values to 110 pF 

and greater than 2000 for 

capacitance values above 

110 pF. The twice-as-

large 700B Series capacitors measure 0.110 × 0.110 in. with 

available capacitance values of 0.1 to 5100 pF and WVDC rat-

ing of 1,500 V dc. The Q is greater than 10,000 for capacitance 

values to 220 pF and greater than 2,000 for capacitance values 

above 220 pF. 

Several series of MLCCs from AVX (www.avx.com) are also 

based on NPO dielectric materials, featuring excellent capaci-

tance stability as a function of temperature. All of the MLCCs 

are rated for WVDC of 200 V dc or more and temperature 

coefficient of capacitance (TCC) of ±30 ppm/ºC or better. The 

Series 600L capacitors have capacitance values of 0.1 to 27.0 

pF in a case size of 0.04 × 0.02 in. (1.02 × 0.51 mm), while the 

600F MLCCs cover a capacitance range of 0.1 to 240 pF with 

WVDC rating of 250 V dc and somewhat larger case size of 

0.079 × 0.049 in. (2.00 × 1.25 mm). 

While there are no clear differences in SLCCs and MLCCs 

when based on similar materials—other than the height, high-

er capacitance values, and higher voltage ratings for MLCCs 

in similar-sized packages as SLCCs—SLCCs provide extreme 

compact and stable (with NPO materials) performance with 

temperature for lower values of capacitance at lower operating 

voltages. Ultimately, the choice of a capacitor for an applica-

tion requires an assessment of the overall performance param-

eters of different capacitor models, whether SLCCs or MLCCs, 

to find the best component for that application. 

2. SLCCs are available in a wide range 

of sizes and capacitance values.   

(Courtesy of Johanson Technology;  

www.johansontechnology.com)

3. MLCCs are shown next to a  

scale with 0.5-mm increments.  

(Courtesy of Tektronix Inc.)
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Micro Lambda Wireless, Inc off ers a complete line of oscillators 
fi lters and harmonic generators for the military market. 
Whether you are designing for an Aircraft, Ship Board, Missile 
or Ground Based military system, check out the product 
capabilities available from Micro Lambda Wireless.

Oscillators covering 500 MHz to 40 GHz, fi lters covering 
500 MHz to 50 GHz and harmonic generators covering 1 GHz 
to 20 GHz special packaging can be provided based on 
customer specifi c requirements. Individual components can 
also be provided utilizing industrial parts and the components 
can be screened and tested to specially designed test plans.  

Dressed and Ready for Action
Custom Packaged Military Components 

• MLFI, MLFP and MLFD Series Bandpass f lters

• MLFR and MLFRD Series Bandreject (notch) f lters

• MLOS, MLXS, MLOB, MLXB Series Oscillators

• MLHG Series Harmonic Generators

Micro Lambda is a ISO 9001:2008 Registered Company “Look to the leader in YIG-Tech nol o gy”
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R
OCKWELL COLLINS (www.

rockwellcollins.com) has been 

selected by the U.S. Army Program 

Executive Office C3T to produce 101 

Handheld, Manpack, and Small Form 

Factor (HMS) manpack radios and 

ancillaries beginning in August. This is 

a follow-on award to a contract signed 

with Rockwell Collins the previous year, 

qualifying the company to compete 

for the Army’s HMS Manpack radio 

program, which has a potential 10-year 

value of $12.7 billion. 

The follow-on award results after pro-

duction and testing of 50 AN/PRC-162 

two-channel, military communications 

radios incorporating flexible software-

defined-radio (SDR) technology, which 

enables modification of basic radio operat-

ing parameters by means of software pro-

gramming. The tactical radios are based 

on the company’s TruNet networked com-

munications family of products. 

“For decades, Rockwell Collins has 

been the premier provider of VHF/UHF 

airborne radios for the Department of 

Defense. With our TruNet family of 

products, we are confident that our AN/

PRC-162 will bring the same level of 

performance excellence to the ground 

domain,” said Troy Brunk, vice president 

and general manager, Communication and 

Navigation Solutions. The next step in the 

radio evaluation (next year) will involve 

field-based risk reduction testing of the 

HMS Manpack radios.  

3D Printed Filter 
Flies in Space

S
ATELLITE COMMUNI-

CATIONS (SATCOM) 

systems count on filters 

to keep signals in their proper 

channels. Because of the need for 

low passband insertion loss, the 

filters are typically metal wave-

guide types. For satcom applica-

tions, however, one challenge is 

designing and manufacturing 

waveguide filters that are light 

enough to launch on a satellite, 

especially within a high-density 

system that may require more 

than 600 filters.

As Airbus Defence and Space 

has discovered, 3D direct metal 

printing (DMP) of waveguide 

filters doesn’t just produce com-

ponents with high performance. 

By using special aluminum alloys 

and additive manufacturing 

methods with a 3D printer, can 

about 50% of filter weight can be 

Rubidium Standard Marks 
20 Years on the GPS Satellite 
p|66

Honeywell Recognizes 2016 
Supplier of the Year  p|68

Conquering the Complexity 
of Military Communications
p|64

A Special Section to PENTON’S DESIGN ENGINEERING & SOURCING GROUP SEPTEMBER 2017

Army Gives Green Light 
to Manpack Radios

JACK BROWNE | Technical Contributor

(Continued on page 66)

Network radio solutions such as the TruNet SDR-based systems provide secure, in-the-field military 

communications. (Courtesy of Rockwell Collins)

This waveguide filter was designed 

with 3D simulation software and fabri-

cated with a 3D direct metal printer. It 

is the first RF waveguide filter manu-

factured by 3D printing that has been 

validated for use in a commercial 

telecommunications satellite. 

http://www.rockwellcollins.com
http://www.rockwellcollins.com
http://mwrf.com
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EDITORIAL

T
ACTICAL COMMUNICATIONS have 

been wireless since messages were 

sent by smoke signals or banging on 

a drum. The signals are somewhat more 

sophisticated now and the equipment to 

send and receive them is quite complex. 

After all, it must provide reliable transmis-

sion and reception while also ensuring 

that the enemy doesn’t get in the way of the 

communications. 

Modern military communications no 

longer involves just the Army or Navy, but 

often multiple branches of the armed forces 

as part of a coordinated mission, in what 

has become known as multidomain com-

munications—with systems based on the 

ground, at sea, in the air, and even in space 

involved in the process of creating a tactical 

communications network. 

Modern military communications 

devices depend almost as much on soft-

ware as on hardware. For the hardware 

part of communications systems design, 

an excellent reference source was pub-

lished earlier this year by McGraw-Hill 

Education, the 4th edition of Communica-

tions Receivers—Principles and Design by 

Dr. Ulrich Rohde, chairman of Synergy 

Microwave Corp., and co-authors Jerry 

Whitaker and Hans Zahnd. 

The book reviews the various receiver 

architectures used in commercial and 

military receiver systems, along with the 

essential analog and digital components, 

such as frequency mixers and local oscil-

lators (LOs). The hardware design side of 

military radios is quickly becoming over-

shadowed by software, however, especially 

since many modern military communica-

tions systems are now based on software-

defined-radio (SDR) technology. 

The basic operating limits, such as 

frequency range, receive sensitivity, and 

transmit power, are still defined by the 

hardware, but the software program-

mability makes it possible to “fine-tune” 

modulation formats and signal encod-

ing methods. And this latter feature is of 

growing importance as military users seek 

network-based interoperability among dif-

ferent branches of the armed forces and in 

different domains. 

Jack Browne, Technical Contributor

Conquering the Complexity 
of Military Communications
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Coaxial Adapters, Attenuators,  
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give us a call for custom solutions with fast turnaround and industry-leading application support.

Breaking Through Barriers to the Next Generation of Wireless Applications
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T
HE GLOBAL positioning system (GPS) provides naviga-

tional and directional guidance for civilians, as well as 

military forces. GPS satellites derive their accuracy from 

on-board frequency standards and one of these, a rubidium 

atomic frequency standard (RAFS) just celebrated 20 years of 

continuous, failure-free on-orbit operation aboard one of the 

U.S. Air Force’s GPS IIR satellites. Manufactured by Excelitas 

Technologies, the rubidium frequency reference was placed 

in orbit as part of the U.S. Air Force’s first GPS IIR satellite on 

July 23, 1997 

and remotely 

activated on 

August 13, 

1997.  

   The RAFS 

technology is 

a critical time- 

and frequen-

cy-keeping 

component 

of the naviga-

tion payloads 

designed by 

Harris Corp. 

for GPS IIR, 

GPS IIR-M, 

and next-gen-

eration GPS 

III satellite sys-

tems produced 

by Lockheed 

Martin. A 

total of 12 GPS 

IIR and 7 GPS IIR-M satellites are currently in orbit with the 

RAFS technology from Excelitas, with more than 250 total 

years of reliable operation. The 19 satellites represent more 

than 60% of the current GPS satellite constellation. The first 

GPS III satellite with an Excelitas RAF aboard is expected to 

launch in 2018.

“Achieving this 20-year IIR satellite milestone, and the GPS 

constellation’s continued good health, emphasize Excelitas’ 

continued long-term leadership in space-qualified and mili-

tary tactical time frequency standards,” said Doug Benner, 

executive vice president of Excelitas’ Defense and Aerospace 

group. “We are proud of our contribution to these global posi-

tioning, navigation and timing systems and we look forward 

to continuing this legacy for many years to come,” he added.

“Excelitas’ high reliability RAFS technology was developed 

specifically for mission critical space applications,” explained 

John Vaccaro, technical director of RAFS Systems for Excelitas 

Technologies. “We have built over 125 atomic standards with 

world class stability and low drift combined with the small 

size, low weight, and power advantages. The Excelitas RAFS 

is recognized as an enabling technology for global positioning 

systems.” n
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Rubidium Standard     
Marks 20 Years on GPS Satellite

shaved off compared to traditional “subtractive” manufacturing 

methods. 

Working with 3D Systems (www.3dsystems.com), Airbus 

Defence and Space built upon research funded by the European 

Space Agency (A0/1-6776/11/NL/GLC: Modelling and Design 

of Optimised Waveguide Components Utilising 3D Manufac-

turing Techniques) to develop the first 3D printed RF filter that 

has been tested and validated for use in commercial telecom-

munications satellites. The filter is essential to a high-capacity 

satellite such as the Eutelstat KA-SAT manufactured by Airbus 

Defence and Space, which integrates more than 500 RF filters. 

The waveguide filter was printed with a 3D Systems ProX 

DMP 320 printer, using aluminum alloy in powdered form to 

create the metal parts. The direct printing process made it pos-

sible to integrate two components into one and achieve a 50% 

weight reduction, with faster production time and lower costs 

than traditional manufacturing methods. 

The waveguide filter was designed with the aid of a 3D elec-

tromagnetic simulation software program, CST Microwave 

Studio (www.cst.com). The availability of a 3D printer made 

it possible to fabricate a uniquely shaped depressed super-

ellipsoidal cavity filter with balanced tradeoffs between quality 

factor (Q) and out-of-band rejection. “The main benefits of a 

monolithic design enabled by 3D printing are mass, cost, and 

time,” explained Paul Booth, an RF engineer for Airbus Defence 

and Space. “The mass is reduced because there is no longer the 

requirement to have fasteners. 

“With direct metal printing there is also the no-cost bonus to 

have the outer profile more closely follow the inner profile, so 

only the really necessary metal needs to be used,” he continued. 

“The cost/time benefit comes from the reduction in assembly 

and post-processing.” n

(Continued from page 63)

3D Printed Filter Flies in Space

The high reliability of a rubidium atomic frequency 

standard (RAFS) has contributed to the failure-free 

operation of one of the U.S. Air Force’s GPS IIR 

satellites. (Courtesy of Excelitas Technologies)

http://www.3dsystems.com
http://www.cst.com
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N
USIL TECHNOLOGY was recently named a 2016 “Supplier 

of The Year by Honeywell Federal Manufacturing & 

Technologies (www.honeywell.com) for such factors 

as product quality, timely delivery, technical support, 

responsiveness, and cost control. This part of Honeywell 

manages the Kansas City National Security Campus of the 

U.S. Department of Energy (DoE). 

NuSil’s medical and space-grade 

silicones are used in the most extreme 

environments, from deep inside the 

human body to the harsh conditions of 

outer space. 

 NuSil (www.nusil.com) is part of the 

Avantor company (www.AvantorInc.

com), with NuSil brand materials 

used in many different market areas. 

For example, Honeywell has been 

using NuSil products such as raw 

silicone components in mission 

critical components for more than 

30 years. Corey Walker, executive 

vice-president, Biomaterials and 

Advanced Technologies at Avantor, 

said, “As an industrial partner, 

NuSil works to serve as an integral 

part of our customers’ product 

development activities, providing the 

necessary transparency and technical 

information to meet their supply chain 

needs,” said Corey Walker, executive 

vice president, Biomaterials and 

Advanced Technologies at Avantor. 

“We are honored NuSil was recognized 

with this award from Honeywell. It 

acknowledges the dedication of our 

employees and spirit of collaboration 

in meeting the unique needs of our 

customers and helping them succeed 

in their goals.” n5870 Hellyer Avenue ¥ Suite 70 ¥ San Jose ¥ California 95138

Phone: 408-541-0596 ¥ Fax: 408-541-0794 ¥ www.cttinc.com ¥ E-mail: sales@cttinc.com

          The confluence of advances in supporting
technologies, such as processors and memories – as well
as developments in UAVs – coupled with geopolitical
demands for increased homeland security and greater
intelligence gathering has pushed SAR (synthetic aperture
radar) into the ISR (intelligence, surveillance and
reconnaissance) spotlight.
          SAR’s unique combination of capabilities including
all-weather, wide-area and high-resolution imaging is
unmatched by other technologies.
          This broad application spectrum is reflected in the
wide variety of new SAR systems being developed
and produced for a number of platforms to meet these
unique requirements.
          CTT is well positioned to offer engineering and
production technology solutions – including high-rel
manufacturing – in support of your SAR requirements.
          More than 35 years ago CTT, Inc. made a strong
commitment to serve the defense electronics market with a
simple goal: quality, performance, reliability, service
and on-time delivery of our products.
          Give us a call to find out how our commitment can
support your SAR success. It’s that simple.

CTT Power and Driver Amplifiers for SAR

v Lightweight/Compact Designs
v Hermetically Sealed
v Stability & Reliability
v Configurational Input & Output Connectors
v High Efficiency Subassemblies
v Made in the USA

USA-based
thin-film
microwave
production
facility

SAR POWER!SAR POWER!
Power your SAR with CTTPower your SAR with CTT

     Band                    Frequency               Power Levels Up To

   X-Band          9.1 – 10.0 GHz           63 Watts CW
  X-Band          9.0 – 10.0 GHz        400 Watts Pulse

  Ku-Band        14.5 – 15.5 GHz          50 Watts CW

  Ka-Band           32 – 37 GHz             10 Watts CW

NEW!

NuSil Recognized by Honeywell as 2016 
Supplier of Year

NuSil was 

recently 

recognized 

as a 

Honeywell 

2016 

“Supplier 

of the 

Year.”

http://www.honeywell.com
http://www.nusil.com
http://www.AvantorInc.com
http://www.AvantorInc.com
http://www.cttinc.com
mailto:sales@cttinc.com
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H
ONEYWELL (WWW.HONEYWELL.COM) has introduced a 

series of self-diagnosing sensors designed to improve 

the performance of aircraft systems and reduce 

maintenance costs associated with 

false readings. The Integral Health 

Monitoring (IHM) proximity sensors 

can detect when a sensor has been 

damaged and/or is not functioning 

properly. The patented proximity 

sensors can be designed into a range 

of aircraft systems, including thrust 

reverser actuation systems, flight 

controls, aircraft doors, cargo loading 

systems, evacuation slide locks, and 

landing gear.

“Aircraft operators who receive a 

sensor reading often cannot be sure 

if they have a system issue that needs 

to be addressed or if the sensor itself 

is malfunctioning,” said Graham 

Robinson, president of Honeywell’s 

Sensing and Internet of Things (IoT) 

business. “Leveraging Honeywell’s 

technical expertise in the aerospace 

industry, we innovated a circuit that 

can detect whether a sensor reading 

is correct or the result of damage or 

some other problem with the sensor 

itself.”

The configurable, non-contact 

sensors are designed to sense the 

presence or absence of a target in 

harsh-duty aircraft applications such 

as determining when a thrust reverser 

is not fully closed. The sensors can 

detect most internal failures and 

display a fault output to a pilot or 

maintenance worker in order to 

help reduce aircraft downtime and 

maintenance costs. As Robinson 

noted: “The sensor fault-detection 

provides mechanics on the ground with the information they 

need to perform inspections and repairs without a long and 

costly troubleshooting process.” n

Self-Diagnosing Sensors Improve Aircraft 
Performance

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

Cover your bases
with KRYTAR

Cover your bases
with KRYTAR

      These principles
form the basis for
the steady growth that has earned
KRYTAR an enviable reputation in
the microwave community.
      Cover your bases. Contact
KRYTAR today for more information.

      KRYTAR, Inc., founded in
1975, specializes in the design
and manufacturing of ultra-broadband
microwave components and test
equipment for both commercial and
military applications.
       Products cover the DC to 67 GHz
frequency range and are designed for
a wide range of applications including:

❏ Test Equipment

❏ Simulation Systems

❏ SATCOM & SOTM

❏ Jammers for Radar & IEDs

❏ Radar Systems

❏ EW: ECM, ECCM & ESM

      KRYTAR has a commitment to
technical excellence and customer

MIL-Qualified RF, Microwave & mmW Components

❏ Directional Couplers  to 67 GHz

❏ NEW! 3 dB 90° Hybrid Couplers to 44GHz

❏ NEW! 3 dB 180° Hybrid Couplers to 40GHz

❏ Beamforming Networks to 18 GHz

❏ Power Dividers to 45 GHz

❏ Detectors to 40 GHz

❏ Custom Applications

mailto:sales@krytar.com
http://mwrf.com
http://www.honeywell.com
http://www.krytar.com
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H
IGH-SPEED DIGITIZERS have enabled significant 

improvements in military electronic systems by con-

verting analog input signals to the digital realm, where 

advanced digital-signal-processing (DSP) techniques can be 

applied. In a receiver, analog-to-digital converters (ADCs) 

are positioned at the output of an intermediate-frequency (IF) 

amplifier, and have enabled direct sampling of those signals at 

L-band frequencies from 1 to 2 GHz. These high-speed data 

converters show little compromise in AC performance com-

pared to traditional IF sampling architectures.   

But now, with the availability of such higher-speed convert-

ers as the ADC12DJ3200 family from Texas Instruments (www.

ti.com), direct conversion of RF input signals is possible at 

frequencies to 8 GHz and beyond. A 12-b ADC12DJ3200 digi-

tizer can be used in single- or dual-channel modes, with single-

channel sampling rates to 6.4 GSamples/s and dual-channel 

sampling rates to 3.2 GSamples/s. It represents the next step in 

the evolution of high-speed data converters and can benefit a 

wide range of applications, including communications, radar, 

electronic counter measures (ECM), electronic intelligence 

(ELINT), and signal intelligence (SIGINT) systems. 

The ADC12DJ3200 ADC (http://www.ti.com/product/

ADC12DJ3200) has a full-power 3-dB input bandwidth of 8 

GHz but a usable frequency range of better than 10 GHz. For 

processing the faintest of signals, it features a full-scale (FS) 

noise floor of −151.8 dB/Hz in dual-channel mode, which 

drops even further to  −154.6 dBFS/Hz in single-channel mode. 

The ADC incorporates a high-speed JESD204B output inter-

face with as many as 16 serialized lanes which support data 

transfer rates as high as 12 Gb/s. The ADC (Fig. 1, shown on 

an evaluation board) has a full-power 3-dB input bandwidth 

of 8 GHz but a usable frequency range of better than 10 GHz. 

For processing the faintest of signals, it features a full-scale 

(FS) noise floor of −151.8 dB/Hz in dual-channel mode, which 

drops even further to −154.6 dBFS/Hz in single-channel mode. 

The ADC incorporates a high-speed JESD204B output 

interface with as many as 16 serialized lanes which support 

data transfer rates as high as 12 Gb/s. The number of lanes can 

be configured in different ways for tradeoffs in bit rate. The 

converter includes synchronization capabilities (e.g., noiseless 

aperture delay and SYSREF windowing) to simplify system 

design with multiple elements, such as in phase-array and 

multiple-input, multiple-output (MIMO) antennas. 

This next generation of data converters represented by the 

ADC12DJ3200 ADC—with a direct-sampling architecture 

that can be applied at S- or C-band frequencies—brings many 

attractive benefits to military electronic systems, including 

smaller system size, larger instantaneous bandwidth (IBW), 

and reduced signal-chain complexity. Of course, the capability 

to almost immediately process received signals from a radar 

or EW system in the digital realm will bring many additional 

benefits, once system designers apply advanced signal-pro-

cessing techniques earlier in the system signal chain. Let’s take 

a closer look at these benefits. 

SMALLER COMPONENT SIZE

In military electronic systems, the use of higher frequencies 

involves signals with smaller wavelengths and smaller physical 

and electrical component sizes, thus affecting most components 

in the signal chain. These range from the antenna and filters to 

passive devices like matching elements or bypass capacitors. 

Radar systems rely on highly directed energy beams and can 

achieve precisely controlled beams through the use of beam-

forming techniques with a distributed, phased-array antenna. 

Such an antenna consists of many separate radiating elements, 

each with a phase shifter. Beams are formed by shifting the 

phase of the signal emitted from each radiating element so that 

the combined contributions of the antenna elements result in a 

high-power energy beam steered in a desired direction. 

High-Speed Converters Provide 
Direct Conversion at C-Band

PRODUCT FEATURE

TOMMY NEU | Product Manager, Texas Instruments, P.O. Box 655303, Dallas, TX 75265 
www.ti.com

A family of high-speed ADCs allows direct digitization of input signals across a 3-dB bandwidth of 

8 GHz and usable bandwidth of 10 GHz. 

1. The evaluation 

board contains a high-

speed ADC12DJ3200 

analog-to-digital 

converter (ADC) 

with 12-b resolution, 

sampling rates to 6.4 

GSamples/s, and usable 

bandwidth of 10 GHz. 

http://www.ti.com
http://www.ti.com
http://www.ti.com
http://www.ti.com/product/ADC12DJ3200
http://www.ti.com/product/ADC12DJ3200
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PRODUCT FEATURE

Since modern phased-array radars can have literally thou-

sands of antenna elements to enable simultaneous tracking of 

multiple targets, individual elements must be very small and 

operating at very low power levels. Thus, developing a radar 

system at S- or C-band frequencies with a much smaller elec-

trical wavelength is a major motivation (see table). Operating 

at a higher frequency also comes with higher transmission 

path loss; however, techniques such as dual polarization exist 

to mitigate the increased signal attenuation. C-band weather 

radars, for example, can achieve ranges as great as 500 km and 

more.

LARGER IBW

Perhaps the biggest motivation to moving to higher frequen-

cy bands is the larger available frequency spectrum, owing to the 

congestion of so many commercial and industrial applications 

at lower frequencies. S-band frequencies provide as much as 2 

GHz IBW, while C-band frequencies offer as much as 4 GHz 

IBW—which is more than enough spectrum for frequency 

hopping, even for systems with larger bandwidth requirements. 

Direct RF sampling converters that provide frequency coverage 

to C-band naturally also enable frequency 

hopping across L-, S-, and C-band frequen-

cies for even greater system design flexibility.

One of the key requirements for process-

ing a higher IBW is sufficient converter sam-

pling rate. Modern RF Gb/s sampling-rate 

data converters designed with advanced 

silicon complementary metal-oxide-semi-

conductor (CMOS) processes are capable 

of digitizing wide bandwidths with high 

power efficiency and minimal processing 

delays. High speed data converters, such as 

the members of the ADC12DJ3200 prod-

uct family, support sampling rates to 6.4 

GSamples/s for single-channel operation, 

along with an input bandwidth of greater 

than 8 GHz. This enables digitization of an 

IBW of better than 2 GHz at C-band fre-

quencies (Fig. 2) and better than 1 GHz at 

S-band frequencies, while leaving adequate 

frequency range for the anti-aliasing filter 

transition band. 

Numerous wideband defense elec-

tronic systems (such as ECM, ELINT, 

and SIGINT systems) are designed to 

operate over broad contiguous frequen-

cy ranges (e.g., DC to 18 GHz), although 

they traditional have covered that fre-

quency range a bit at a time (such as in 

1-GHz segments) due to the limitations 

of the digitizers. With a digitizer capable 

of wider IBWs, much faster spectrum scanning and response 

times are possible with those systems. 

REDUCED COMPLEXITY

As noted earlier, phased-array systems consist of thousands 

of separate elements which must each be small and thermally 

efficient to create an antenna array in a practical size with good 

long-term reliability. This is especially true when moving to 

the shorter wavelengths of S- or C-band frequencies. Direct 

RF sampling offers a very desirable architecture because it 

removes an entire frequency-downconversion stage within the 

receiver (Fig. 3). It is the elimination of a number of different 

high-frequency components, including a frequency mixer, 

amplifier, filter, and matching networks and power supplies for 

those components. 

In addition to the savings in size, weight, and power (SWaP), 

elimination of those components also statistically removes 

potential sources of failure for improved overall system reliabil-

ity. Maintaining the signal chain at a high frequency simplifies 

filtering requirements; the values of passive component ele-

ments required for filter construction such as resistors, capaci-

COMPARING FREQUENCIES AND WAVELENGTHS  

FOR DIFFERENT BANDS

Frequency band Frequency 
range

Wavelength (λ) Antenna size 
(λ/4)

L-band 1 to 2 GHz 60 to 30 cm 15.0 to 7.5 cm

S-band 2 to 4 GHz 15.0 to 7.5 cm 3.75 to 1.90 cm

C-band 4 to 8 GHz 7.5 to 3.75 cm 1.9 to 0.9 cm

L-band S-band C-band 

L-band S-band C-band 

Unwanted alias band

Unwanted 
alias band

2+ GHz bandwidth 
in C-band

ADC input bandwidth

ADC input bandwidth

1 GHz 2 GHz 4 GHz 8 GHz

1 GHz 2 GHz 4 GHz 8 GHz

FS/2 = 
3.2 GSamples/s

FS/2 = 
2.5 GSamples/s

FS = 
6.4 GSamples/s

FS = 
5.0 GSamples/s

1+ GHz bandwidth 
in S-band

2. This frequency plan shows the strategy for using a high-speed data converter to sample 

an instantaneous bandwidth of greater than 2 GHz at C-band frequencies and greater than 1 

GHz at S-band frequencies. 

http://mwrf.com
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tors, and inductors are much smaller, and those 

circuit elements are much smaller in size at the 

higher wavelengths. 

Of course, direct RF sampling does 

present some differences to a system 

design compared to traditional super-

heterodyne receiver architectures 

where a frequency mixer translates a 

smaller portion of prefiltered frequen-

cy spectrum that will then be digitized 

by an ADC. In the direct RF sampling 

approach, the entire input bandwidth 

is digitized, including any unwanted 

signals and noise within that band-

width. Thus, any receiver design with 

direct RF sampling requires effective 

RF filter analysis to ensure that unde-

sired out-of-band interferers are suffi-

ciently attenuated and don’t reduce the 

receiver sensitivity.

To minimize signal losses within 

the RF signal chain, impedance 

matching circuits are used to provide 

smooth impedance transitions from 

one component to the next. There-

fore, when digitizing a large amount 

of frequency spectrum (as with an 

RF sampling converter), effective 

matching circuitry is essential. High-

speed data converters such as the 

ADC12DJ3200 ADC with its well-

behaved input return loss (S11) across 

the frequency range simplify the 

requirements for matching circuitry. 

The ADC12DJ3200 family of ADCs 

provides the performance levels 

needed for direct conversion across a 

3-dB bandwidth of 8 GHz and a usable 

bandwidth of 10 GHz. By adopting a 

direct RF sampling architecture, mili-

tary (and other) receivers can now be 

designed with one or two fewer fre-

quency-conversion stages, resulting in 

less components and a simpler receiv-

er architecture. Benefits in system-

level performance are yet to be seen, 

but will surely be realized by creative 

system-level designers. 

3. The signal chains for two different receiver 

architectures—standard superheterodyne and direct 

RF sampling—are shown here. 

Antenna

BPF LNA BPF Mixer

LO

IF amplifier AAF/BPF ADC

RF ADC

HUBER+SUHNER AG   9100 Herisau/Switzerland    www.hubersuhner.com

HUBER+SUHNER INC. Charlotte NC 28273/USA    info.us@hubersuhner.com

Phase invariant cable assemblies 

Minibend CTR, Sucoform 86 CT and EZ 86 CT are developed for phase 
critical applications requiring precision electrical length connectivity. 
Depending on the application, there is the choice of a flexible (Minibend),  
a hand formable (Sucoform) or a semi-rigid (EZ) solution.

• Excellent phase and insertion loss stability over temperature  
vs. PTFE solutions

• Outstanding phase insertion loss and stability over different  
temperature cycles

• Classic form stable semi-rigid cable (EZ)

• Revolutionary bend-to-the-end flexibility 5 mm minimum bend radius 
(Minibend CTR)

• Easy to form, strip and solder

• Conformable, hand formable and form stable cable, no need for 
bending tools

• Shielding effectiveness ≥ 100 dB (up to 18 GHz)

For additional information request, please contact:  info.us@hubersuhner.com 
Or use our cable assembly online calculator:  rfcablecalc.hubersuhner.com

mailto:info.us@hubersuhner.com
http://www.hubersuhner.com
mailto:info.us@hubersuhner.com
http://rfcablecalc.hubersuhner.com
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UNDER THE SUN

NOW

Mini -Circuits’ rugged, tiny ceramic  SIM  mixers
offer ultra-wideband, high-frequency   performance 
for applications ranging from  100 kHz to 20  GHz, 
while maintaining low conversion loss, high 
isolation and high IP3. They’re available in 25 models 
with  LO  levels of  +7,  +10, +13,  &  +17  dBm, so regardless 
of your bandwidth requirements or application 
environment,  whether  industrial, military or commercial, 
there's a tiny SIM mixer that will meet your needs.

Al l  models  stand up to  the toughest operating 
conditions, including high ESD levels, and they're 
available from stock for a very competitive price.

Visit our  website to view  comprehensive 
performance data, curves, data sheets, PCB layouts, 
environmental specifications and more. You can even 
order direct from our web store and have your order in 
your hands as early as tomorrow!

UP TO 20 GHz!20 GHz!

SIM

$449595
ea.ea. qty.  1000qty.ea. qty.  10001000ea. qty.  1000fromfrom

0.2"x 0.18"

.

       RoHS compliantU.S. Patent #7,027,795

Mini-Circuits...we’re redefining what VALUE is all about!
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T
ACTICAL RADIOS require tremendous capabilities 

and flexibility to remain effective on the battlefield. 

Most tactical environments consist of mobile ad hoc 

networks (MANETs) which must be interoperable with many 

different radio systems and organizations. The MPU5 from 

Persistent Systems (www.PersistentSystems.com) is a smart 

radio designed to adapt to the changing conditions of the 

battlefield. Based on software-defined-radio (SDR) technol-

ogy and the company’s own Wave Relay transmission algo-

rithms, this is a tactical radio that also contains a full-featured 

computer for extensive functionality and advanced mobile 

networking. 

The smart radio (Fig. 1) is equivalent to por-

table computer server that fits in the palm of the 

hand, with enormous computing and networking 

capabilities. The processing power that drives the 

MPU5 is Android-based, with 1-GHz quad-core 

ARM, 2 GB RAM, and 128 GB of flash memory 

storage. Users can run Android Tactical Assault Kit 

(ATAK) software and other programs and to record 

and review video footage, enhancing situational 

awareness and increasing operational effectiveness 

(Fig. 2). The MPU5 was a recent first choice for 

in-the-field networking by the FBI (http://www.

mwrf.com/systems/fbi-connects-persistent-wireless-

network-solution). 

The MPU5 operates with interchangeable RF 

front-end modules, providing an operator with a 

choice of three different frequency bands, depend-

ing on module: L-band, S-band, and C-band fre-

quencies. The miniature modules (Fig. 3), which provide as 

much as 6 W transmit power across each of its three frequency 

bands, can be swapped in the field for ease of changing operat-

ing frequency bands. 

With its Cloud Relay networking capability, this compact 

smart radio can establish a peer-to-peer mobile network 

anywhere and is designed for mass scalability. Thanks to a 

flexible radio architecture that supports 3 × 3 multiple-input, 

PRODUCT FEATURE

JACK BROWNE | Technical Contributor

Smart Radios 
Are Portable 
Computers

1. The MPU5 is a combination of a radio and computer server in a 

compact package. It uses plug-in modules to operate at three differ-

ent frequency bands.

These tactical radios provide secure audio, 

video, and data communications with a wide 

range of network options, and even operating-

frequency options. 

2. The portable MPU5 radio provides flexibility connectivity among troops and 

different organizations, with the processing power of an Android-based computer. 

http://www.PersistentSystems.com
http://www.mwrf.com/systems/fbi-connects-persistent-wireless-network-solution
http://www.mwrf.com/systems/fbi-connects-persistent-wireless-network-solution
http://www.mwrf.com/systems/fbi-connects-persistent-wireless-network-solution
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Robust performance across wide bandwidths makes them 

ideal for military and defense applications, hi-rel instrumentation, 

and anywhere long-term reliability adds bottom-line value. Go to 

minicircuits.com for all the details today, and have them in your 

hands as soon as tomorrow!

Electrical Specifcations (-55 to +105°C )

 High IP3 up to +42 dBm    Low DC current 65 mA        

10 MHz to 7GHz

CMA

3  x  3 x 1.14 mm

RoHS compliant

Mini-Circuits
¨

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

When failure is not an option! Our CMA family of ceramic 

MMIC amplifiers is expanding to meet your needs for more 

critical applications. Designed into a nitrogen-flled, hermetic 

LTCC package just 0.045" high, these rugged models have 

been qualifed and are capable of meeting MIL standards for a 

whole battery of harsh environmental conditions:

Low NF from 0.5 dB ea. (qty 20)

$745
from

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

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

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

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

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

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

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

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

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

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

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

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

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

Exposed Terminals for 
Easy Solder Inspection

Tiny Size
3 x 3 x 1.14 mm high

LTCC Construction
Outstanding Thermal Stability

Hermetically Sealed Nitrogen Filled
100% Tested*

Highly Repeatable
Electrical Performance

CMA

CERAMIC  MMIC AMPLIFIERS

™

*Gross leak only

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


76 SEPTEMBER 2017   MICROWAVES & RF

PRODUCT FEATURE

multiple-output (MIMO) communications, it is capable 

of better than 100 Mb/s data throughput. It has a built-in 

high-definition (HD) video encoder/decoder for distribut-

ing real-time HD video feeds, along with an integrated GPS 

receiver with 1-s updates to provide full geographic situ-

ational awareness.

As noted above, the MPU5 operates with one of three inter-

changeable frequency modules, including the RF-1100 with 

L-band frequency range of 1,350 to 1,390 MHz; the RF-2100 

with S-band frequency range of 2,200 to 2,500 MHz; and the 

RF-4100 with lower C-band frequency range of 4,435 to 4,980 

MHz. All modules provide 6 W transmit power and software 

configurable bandwidths of 5, 10, and 20 MHz. All support 

transmit/receive operating modes from single-input, single-

output (SISO) to 3 × 3 MIMO. 

The MPU5 has an advanced audio architecture with 16 

channels of PTT audio and radio over IP (RoIP) capabil-

ity so that legacy narrowband radios can be tethered to the 

MPU5 and included in a MANET. To ensure networking 

security, the radio is equipped with CTR-AES-256 encryp-

tion, HMAC-SHA-256 authentication and integrity, and 

cryptographically authenticated over-the-air rekey and key-

zero security. 

The radio includes USB host and RS-232 serial ports, Ether-

net, and USB-on-the-Go connections. It is also well equipped 

with power pack charging options, including an end-user-

device (EUD) data/charging port, a charging downstream 

port (CDP) port rated for 1500 mA, and a standard charging 

port (SDP) rated for 500 mA. The power ports feature low-

battery alert warning light. 

The MPU5 Smart Radio is powered by 8 to 28 V dc, using 

a three-pin Fly Wheel Twist Lock connector (as used on AN/

PRC-148 and AN/PRC-152 equipment). The radio is MIL-

STD certified and built in an ISO 9001:2008 certified manu-

facturing facility. It has an operating temperature range of −40 

to +85ºC. 

When it is necessary to incorporate this kind of network-

ing functionality and capability within another system, the 

company also offers its Embedded Module (Fig. 4) which 

includes much of the performance provided in the MPU5 but 

in a more compact modular package and without the operat-

ing controls. Optimized for size, weight, and power (SWaP), 

the Embedded Module is well suited for 

interconnecting unmanned aerial vehicles 

(UAVs) and unmanned ground vehicles 

(UGVs) in the field.

The Embedded Module shares many of 

the traits of the MPU5, with an HD video 

encoder and Android-based computer 

onboard. The module measures just 2.00 

× 3.29 × 0.59 in. and weighs just 3.2 oz. 

The computer has a 1-GHz quad-core 

ARM, 2 GB RAM, and 128 GB of flash 

storage. The embedded module operates 

from voltages of 8 to 30 V dc and draws 

0.3 A at 12 V dc. The embedded mod-

ule also uses interchangeable frequency 

modules to switch operating frequency 

bands, and is screened to MIL-STD-810G 

for vibration, altitude, and temperature, 

with an operating temperature range of 

−40 to +85ºC. 

PERSISTENT SYSTEMS, LLC, 303 Fifth Ave., 

Ste. 306, New York, NY 10016; (212) 561-

5895; (www.persistentsystems.com)

3. The MPU5 radio can operate over three different frequency bands 

using plug-in radio modules. 

4. For applications that require an embedded radio with the performance of the MPU5, the 

Embedded Module offers the same basic connectivity and computing power, but without 

the user controls. 

http://www.persistentsystems.com
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D
EFENSE CONTRACTS usually are awarded to the 

largest companies—naturally, those with the broad-

est engineering design and problem-solving capa-

bilities. But every so often, a smaller company wins the prize, 

and usually for a unique set of skills unmatched by others. 

In the case of Polaris Alpha (www.polarisalpha.com)—which 

recently won a $48 million IDIQ contract to provide research, 

development, and technical services to the Naval Research 

Laboratory (NRL) Electronics Science and Technology Divi-

sion (ESTD)—the capabilities extend across a wide range of 

technology areas, from RF to software to optoelectronics.

Small in size compared to major defense contractors, Polaris 

Alpha and its EOIR Technologies arm will work with NRL on the 

development of semiconductor materials and devices for next-

generation defense sensing and imaging systems. The goal is to 

produce solutions that are effective on land; at sea; and in the air, 

space, and cyberspace for comprehensive spectrum management.  

Polaris Alpha was created with the idea that a company can never 

have enough creative designers or problem solvers. The company 

was formed from a number of smaller, separate companies—EOIR 

Technologies, Intelligent Software Solutions (ISS), Proteus Tech-

nologies, and Intelesys Corp.—which were combined to leverage 

the creative interaction between and among groups. Now an orga-

nization with the agility of a focused mid-sized company strong in 

handling issues of national security, it still has individual groups. 

However, they build on their specialties, such as software develop-

ment, to quickly create solutions—most recently in cyberspace. 

“We have a lot of initiatives to affect cyberattacks,” said Marcus 

Featherston, executive vice president of Mission Solutions for  

Polaris Alpha. “If there is a kinetic attack, such as a missile strike, 

we have systems, such as radar, that provide early detection and 

warning of the missile. But for a cyberattack, there is no warning.” 

Featherston shared that artificial intelligence (AI) may provide 

the key to defending against a cyberattack: “We have seen that 

AI can identify these threats, and we have been working with 

DARPA to protect against these threats.” 

To handle the latest requirements in the cyber and signals 

intelligence (SIGINT) areas, the company produces cyber and 

SIGINT software solutions for the DoD and the intelligence 

community. These solutions make it possible to monitor and 

visualize an adversary’s capabilities and enable actionable deci-

sion-making on behalf of the national security. As the software 

illustrates (see figure), military actions no longer involve one part 

of the armed forces, but must keep battle groups across the mul-

tiple domains in constant contact. 

“We can’t afford to lose communications during a conflict,” said 

Featherston. He uses the scenario of ground troops relying on a 

satellite as an example of multidomain command, communica-

tions, and control (C3): armed forces are no longer engaged on 

simply land, or at sea, or in the air. When satellite communica-

tions is being jammed, forces within all domains—including in 

the cyber realm—must contribute to locating and neutralizing 

the jammer to maintain communications.  

Featherston mentioned the company’s work with the U.S. 

Air Force at Vandenberg AFB in California and the Air Force 

Research Labs (AFRL) in Rome, N.Y. on key areas of interest—

notably on space situational awareness and ways to apply machine 

intelligence within defense electronics systems. “We use simula-

tions in many ways, to model all the connections or PCBS in 

production,” he said. “We also use simulation at the system level, 

to model and build a system and then model and build an enemy’s 

system to see how well the original system does against it.” 

Given the growing complexity of defense electronic systems, 

there will be a place for larger defense contractors to develop them. 

But with the agility of new threats, the creativity and responsive-

ness embodied by mid-sized contractors such as Polaris Alpha 

provide the means to create rapid responses to those threats.  

Mid-sized contractors such as Polar Alpha can take fresh looks 

at traditional as well as new tactical problems. These firms develop 

innovative solutions that help to synchronize and protect the 

branches of the armed forces across the multiple domains of mod-

ern warfare, all the while providing large scale software and system 

integration for complete solutions.  

Polaris Alpha Teams Large 
Talent in Small Company

PRODUCT FEATURE

JACK BROWNE | Technical Contributor

Polaris Alpha is prototypical of smaller, more agile modern defense contractors, with a generous 

amount of design capabilities to tackle problems quickly and creatively. 

Software developed for 

multidomain command, 

communications, and 

control (C3) applica-

tions helps to maintain 

communications among 

different branches of the 

armed forces.

http://www.polarisalpha.com)%E2%80%94
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S
IGNAL GENERATION is the 

start and finish for many elec-

tronic defense-oriented sys-

tems. High-frequency signals with low 

noise and high stability are needed for 

transmit and receive functions, with 

performance that remains consistent 

even after the abuse that takes place 

in rugged military environments. 

Fortunately, the 435-36105 frequency 

synthesizer from Cobham Microelec-

tronic Solutions (www.cobham.com/

cscs), a member of the company’s 1018 

series of signal sources, is built for the 

field rather than the laboratory. 

The signal source covers a frequency range from 0.45 to 

18.25 GHz in 10-MHz steps with at least +3 dBm output power 

across the frequency range. It is built to operate under the 

conditions of shock, vibration, and temperature typically 

found in severe military environments. The design is modular, 

incorporates custom-designed filters, and can be customized 

if needed. Cobham has a long history of providing optimized 

solutions for challenging applications. 

 The compact signal source (see photo) meets the size, 

weight, and power (SWaP) requirements of most military 

systems, supplied in a machined housing measuring just 2.6 × 

2.6 × 0.6 in. and weighing just 0.25 lb. As with many of the fre-

quency synthesizers designed and developed by Cobham—the 

former Aeroflex/Comstron—this latest addition to the 1018 

series is built for speed, featuring a parallel control interface to 

facilitate pipelined hopping. This provides better than 250 µs 

typical switching speed from any start frequency to any stop 

frequency in the full range. It typically achieves faster switch-

ing speed for smaller frequency steps.

 While lacking the ultimately low noise levels of labora-

tory benchtop frequency synthesizers, the 435-36105 synthe-

sizer maintains reasonably low noise with high levels of shock, 

vibration, and a wide operating temperature range of −40 to 

+70ºC. The spurious content is −55 dBc from 450 MHz to 12 

GHz and −50 dBc from 12 to 18.25 GHz. Subharmonics are 

−20 dBc throughout the frequency range, while second har-

monics are −12 dBc from 450 MHz to 12 GHz 

and −15 dBc or better from 12 to 18.25 GHz. 

The compact synthesizer has an SMA 

port for connection to an external 10-MHz 

reference oscillator while maintaining the 

frequency stability of the external reference. 

The output power remains within a ±2-dB 

window when the frequency synthesizer is 

operated within ±5ºC of the calibration tem-

perature. 

 As expected for a PLL frequency synthe-

sizer, the absolute phase noise—including 

the noise of the external reference source—

is higher when measured closer to the car-

rier and for higher carrier frequencies. For example, the phase 

noise (measured in a 1-Hz bandwidth) is −73 dBc/Hz offset 1 

kHz from a 500-MHz carrier, decreasing to −96 dBc/Hz offset 

100 kHz from a 500-MHz carrier, and dropping to −142 dBc/

Hz offset 10 MHz from the same carrier. 

The phase noise degrades with carrier frequency, with 

phase noise of −60 dBc/Hz offset 1 kHz from a carrier fre-

quency of 2.25 GHz, −83 dBc/Hz offset 100 kHz from the 

same carrier, and −138 dBc/Hz offset 10 MHz from the same 

carrier. At a carrier frequency of 18 GHz, the phase noise is 

−42 dBc/Hz offset 1 kHz from the carrier, −65 dBc/Hz offset 

100 kHz from the carrier, and −120 dBc/Hz offset 10 MHz 

from the carrier. 

 The frequency synthesizer is designed for use with a +5 V 

dc supply (±10%), typically drawing 1.25 A current. It is one 

example of a diversified product line that includes many of the 

components required for modern radar and electronic war-

fare (EW) systems, including integrated frequency converters, 

switch matrices, and active electronically scanned array anten-

nas (AESAs). One such AESA operates from 8 to 10 GHz with 

azimuth and elevation scan volumes of ±60 deg. A field-pro-

grammable-gate-array (FPGA) controller supports real-time 

beam forming.  

COBHAM MICROELECTRONIC Solutions, 35 South Service Rd., 

Plainview, NY 11803; (800) 843-1553, (516) 694-6700, MES.Plain-

view@cobham.com, www.cobham.com/cscs

PRODUCT FEATURE

JACK BROWNE | Technical Contributor

This compact frequency synthesizer provides fast tuning speed with output power that remains 

stable with temperature across a wide frequency tuning range. 

Durable Frequency Synthesizer 
Tunes 450 MHz to 18.25 GHz

The 435-36105 frequency synthesizer 

covers a frequency range from 0.45 to 

18.25 GHz in 10-MHz steps with at least 

+3 dBm output power.

http://www.cobham.com/cscs
http://www.cobham.com/cscs
mailto:MES.Plainview@cobham.com
http://www.cobham.com/cscs
mailto:MES.Plainview@cobham.com
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through the lifetime of your system.
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apps@minicircuits.com today!
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High-Power Amplifer Boosts 225 to 450 MHz 

THE TR 0.225-0.450-100 is 

a transmit-only solid-state 

amplifer optimized for military 

radio applications. It provides 

100 W output power from 

225 to 450 MHz, with output 

power that can be controlled 

in 1-dB increments. The am-

plifer, which is based on GaN technology, achieves power-

added effciency (PAE) of typically 30 to 40%. The power gain 

is 48 to 51 dB. The rugged amplifer is supplied in a housing 

measuring 6.0 × 10.5 × 3.0 in. The maximum input VSWR is 

2.0:1. It features fast on/off switching time of 20 μs. The am-

plifer is equipped with over/under-voltage protection, reverse 

polarity protection, output short- and open-circuit protection. 

It has an operating temperature range of −40 to +85ºC.

AETHERCOMM, INC.

3205 Lionshead Ave., Carlsbad, CA  92010; 

(760) 208-6002, www.aethercomm.com 

SDLVA Has Wide Range from 100 MHz to 2 GHz 

THE SDLVA-

0 1 2 0 - 7 0 -

100M2G-10DBM 

is a successive-

detection log vid-

eo amplifer (SDL-

VA) that operates 

between 0.1 and 

2.0 GHz. It has a minimum dynamic range of 70 dB minimum 

and a tangential signal sensitivity (TSS) of -65 dBm. The am-

plifer achieves a rise time of 25 ns and fall time of 30 ns. The 

amplifer provides a limited intermediate-frequency (IF) output 

of typically +10 dBm. It measures 3.75 × 1.50 × 0.40 in. in a 

gold-plated housing with SMA female connectors.  

PLANAR MONOLITHICS INDUSTRIES, INC. 

7311 Grove Rd., Ste. F, Frederick, MD 21704; 

(301) 662-5019; www.pmi-rf.com 

Threshold Detector Handles 2 to 18 GHz 

THE GMTA-1002 threshold 

detector operates from 2 

to 18 GHz. It has a threshold 

level of −23 dBm with thresh-

old stability of ±3.0 dBm over 

frequency and temperature. 

Other specifcations include 

an operating input range of 

−18 to −23 dBm, with a maximum input power level of +10 

dBm without damage. The maximum input VSWR is 2.50:1. 

The response time for any input greater than 3 dB is 100 μs. 

The threshold detector draws 50 mA maximum current from 

a +12 V dc supply. It measures 1.0 × 0.65 × 0.3 in. with fe-

male SMA connectors.

PLANAR MONOLITHICS INDUSTRIES, INC.

7311 Grove Rd., Ste. F, Frederick, MD 21704; 

(301) 662-5019; www.pmi-rf.com

Four-Way Divider/Combiner Channels 30 W to 40 GHz 

RFMW LTD. has announced design and sales support for 

MECA power divider/combiners. As an example, the 804-

3-23.000 is a four-

way power divider/

combiner with female 

2.92-mm coaxial 

connectors that can 

handle 30 W power 

from 6 to 40 GHz as 

a power divider. It is 

designed to meet the 

applicable portions of 

MIL-DTL-23971 and MIL-STD-202 standards. Adding an ML 

prefx to any MECA 80X series power divider/combiner en-

hances the screening levels for qualifcation and verifcation 

applications as required.

RFMW, LTD. (MECA STOCKING DISTRIBUTOR)

188 Martinvale Ln., San Jose, CA 95119; (408) 414-1450, 

www.rfmw.com  

Directional Coupler Connects 2.0 to 4.2 GHz

THE N4164-20 is a rugged directional coupler with female Type N connec-

tors. It provides 20-dB coupling from 2.0 to 4.2 GHz with ±1 dB coupling 

fatness and only 0.2 dB insertion loss (above the coupling loss). The coaxial 

directional coupler handles 50 W average input power and 3 kW peak in-

put power with VSWR of 1.25:1 or less at both the primary and secondary 

(coupled) ports.

ARRA, INC.

15 Harold Ct., Bay Shore, NY 11706-2296; (631) 231-8400, 

www.arra.com

http://www.pmi-rf.com
http://www.aethercomm.com
http://www.pmi-rf.com
http://www.rfmw.com
http://www.arra.com
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Qorvo’s GaN-on-SiC RF solutions set the standard for MTTF reliability – over 

10 million hours at 200º based on more than 16,000 devices with 65 million 

device hours. Qorvo’s GaN enables mission critical aerospace, defense and radar 

systems requiring smaller, more efcient solutions with longer operating life.

Description Part Number

2-6 GHz, 30 Watt GaN Power Amplifer TGA2578-CP

6-18 GHz, 20 Watt GaN Power Amplifer TGA2963-CP

7-10.5 GHz, 4.5 Watt GaN Power Amplifer TGA3042-SM

7.9-11 GHz, 15 Watt GaN Power Amplifer QPA1010

7.9-11 GHz, 25 Watt GaN Power Amplifer QPA1011

8-11 GHz, 100 Watt X-Band GaN Power Amplifer TGM2635-CP

13.4-15.5 GHz, 50 Watt GaN Power Amplifer TGA2239-CP

17-20 GHz, 10 Watt GaN Power Amplifer TGA4548-SM

27.5-31 GHz, 8 Watt GaN Power Amplifer TGA2595-CP

www.qorvo.com

To learn how Qorvo GaN powers the systems all around you, visit www.qorvo.com/gan 

Your partners in performance
for mission critical RF systems

http://www.qorvo.com
http://www.rfmw.com
http://www.qorvo.com/gan
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Low-Noise Amplifer Handles 18 to 40 GHz

THE SBL-1834034030-KFKF-S1 is a low-noise amplifer 

(LNA) with a typical small signal gain of 40 dB and a nom-

inal noise fgure of 

3 dB from 18 to 40 

GHz. The LNA draws 

typical current of 200 

mA from a +8-V dc 

supply. It is available 

in a number of dif-

ferent input/output 

connector confgura-

tions, including with 

WR-28 and make K 

connectors for either 

the input or output 

ports.

SAGE MILLIMETER, INC.

3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, 

www.sagemillimeter.com 

Broadband Amplifer Spans 55 to 95 GHz

THE SBP-5539531012-1212-E1 is a broadband power 

amplifer that provides +12 dBm output power from 55 to 

95 GHz with small-signal gain of 10 dB across the frequency 

range. The saturated output power is +16 dBm. The amplifer, 

which is confgured 

with WR-12 wave-

guide and UG387/U-

M fanges, draws 150 

mA typically current 

from a +8-V dc sup-

ply. Additional con-

fgurations, such as 

with 1-mm coaxial 

connectors, are also 

available (with differ-

ent model numbers). 

SAGE MILLIMETER, INC.

3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, 

www.sagemillimeter.com 

SMT Terminations Stop 150 W to 4 GHz

THE S2525N termination handles as much 150 W of average 

power from DC to 4 GHz in a tiny surface-mount-technology 

(SMT) housing measuring only 6.35 × 6.35 mm. The termination 

is constructed of an aluminum nitride (AlN) base with thick-flm 

resistive element and gold-plated fnish. It exhibits low VSWR 

of 1.11:1 with nominal impedance of 50 Ω and is designed for 

operating temperatures from −55 to +125ºC. It is manufactured 

by RN2 Technologies and available with design and sales sup-

port from stocking distributor RFMW, Ltd. 

RFMW, LTD. (STOCKING DISTRIBUTOR FOR RN2 TECHNOLOGIES)

188 Martinvale Ln., San Jose, CA 95119; (408) 414-1450, 

www.rfmw.com  

Two-Way Power Divider Channels 2 to 350 MHz 

THE DSK-7M2S is a two-way coaxial power divider/combiner 

with frequency range of 2 to 350 MHz, suitable for many HF 

and VHF applications. It can handle input power levels to 1 W 

when used as a power divider and provides at least 26-dB isola-

tion between ports with 0.8 dB maximum insertion loss (beyond 

dividing losses). The typical amplitude unbalance is 0.2 dB or 

less and the phase unbalance is 2 deg. or less. The 50-Ω power 

divider/combiner exhibits typical VSWR of 1.18:1 at all ports. It 

is supplied in a metal housing measuring 1.25 × 1.25 × 0.75 in. 

with SMA connectors. The power divider/combiner is designed 

for operating temperatures from −55 to +100ºC.

SYNERGY MICROWAVE CORP.

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

www.synergymwave.com

Double-Balanced Mixer Spans 5 to 2,000 MHz 

THE CLK-7B5S is broadband double-balanced frequency 

mixer covering an LO and RF range of 5 to 2000 MHz. 

The intermediate-frequency (IF) range is DC to 1,000 MHz, 

making the mixer ideal for use in high-performance frequen-

cy converters, phase detectors, and biphase and amplitude 

modulators. It requires LO power of +7 dBm to achieve a 

typical third-order input intercept point (IIP3) of +13 dBm. 

The typical 1-dB compression point is +1 dBm. The RF inter-

connects are SMA type and the package size measures 1.25 

× 1.25 × 0.75 in. The 50-Ω mixer is designed for operating 

temperatures from −40 to +85ºC.

SYNERGY MICROWAVE CORP.

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

www.synergymwave.com. 

http://www.sagemillimeter.com
http://www.rfmw.com
http://www.sagemillimeter.com
http://www.synergymwave.com
http://www.synergymwave.com
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$1135
from         ea. (qty.100)

Value Priced

Need to sample high-power signals without sacrificing 
space?  Mini-Circuits’ growing selection of bi-directional and  

dual-directional stripline couplers spans bandwidths from 

VHF/UHF up to C-Band, all with low insertion loss and power  

handling of 150W or greater. They’re perfect for transmission signal  

monitoring, antenna refection monitoring, power amplifers, military 

communications and more! Now you have an alternative to existing 

options on the market, off-the-shelf for value prices. Place your order 

at minicircuits.com today for delivery as soon as tomorrow!

•  Bi-Directional and Dual-Directional Models

• Bandwidths as Wide as >1 Decade

• Low Insertion Loss

• Good Return Loss

• Excellent Directivity

• Rated for Temperatures up to +105°C

 up to 300W from 20-6000 MHz!

Tiny Size and High Power

COUPLERS

http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
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Broadband I/Q Mixers Extend to 40 GHz

AFAMILY OF in-phase-quadrature (I/Q) MMIC mixers has grown with the addition of three models for applications reaching 40 

GHz. Model MMIQ-0520L has an RF and local oscillator (LO) frequency range of 5 to 20 GHz and an intermediate-frequency 

range of DC to 6 GHz. Model MMIQ-0626L has an RF and LO frequency range of 6 to 26 GHz and an IF range of DC to 6 GHz. 

Model MMIQ-1040L has an RF and LO frequency range of 10 to 40 GHz and an IF range of DC to 12 GHz. All three work with 

LO power levels from +3 to +13 dBm and have conversion loss of 9 dB while achieving at least −25 dBc image rejection. The 

mixers, which are available as bare die or as modules with connectors, can also be used as vector modulators.

MARKI MICROWAVE, INC.

215 Vineyard Ct., Morgan Hill, CA 95037; (408) 778-4200, www.markimicrowave.com 

Any platform. 

Any time.

Trust dB Control with your high-power solutions 

for radar, ECM and EW threat simulation 

systems. Our TWT Amplifers (TWTAs), 

microwave power modules (MPMs) and power 

supplies can be custom-confgured for mission-

critical ground-based, shipborne and high-

altitude manned/unmanned airborne platforms. 

We utilize modular designs for rapid 

confguration to create power products  

that are reliable and easy to maintain. If your 

expectations are as high as your power 

requirements, contact us today.

© 2017 dB Control Corp. All rights reserved. Photos provided courtesy U.S. Air Force, U.S. Army and U.S. Navy.

+1 (510) 656-2325

marketing@dBControl.com

www.dBControl.com 

T W T  A M P L I F I E R S    |    M I C R O W A V E  P O W E R  M O D U L E S    |    P O W E R  S U P P L I E S

dB Control 

delivers. 

Modules Support Missile Applications

A LINE OF electro-optical (EO) modules 

has been developed for a variety of 

defense-related applications, including 

for missile systems and unmanned-aer-

ial-vehicle (UAV) guidance systems. The 

optical modules can be customized to 

mechanical requirements and designed 

for airborne, naval, and land-based use. 

Modules include infrared (IR) objective 

lenses for thermal weapons sights as 

well as target-acquisition and weapons-

aiming EO modules.

QIOPTIQ LTD.

Glascoed Rd., St Asaph, Denbigh-

shire, LL17 0LL, UK; (+44) (0)1745 

588000, www.qioptiq.com

Straight Waveguide Sections Connect 

5.85 to 110 GHz

A SERIES OF straight rectangular 

waveguide sections is being offered 

in sizes from WR-10 through WR-137 for 

use from 5.85 to 110 GHz. The wave-

guide sections, for C- through W-band 

frequencies, are suitable for a variety of 

systems, including telecommunications 

and radar. With VSWR as low as 1.03:1, 

lengths range from 3 to 12 in. The straight 

waveguide sections are made of either 

painted copper alloy or gold-plated, oxy-

gen-free hard copper (OFHC) and feature 

UG-, CPR-, and UBR-style fanges.

FAIRVIEW MICROWAVE, INC.

1130 Junction Dr., Ste. 100, Allen, TX 

75013; (972) 649-6678, www.fairview-

microwave.com 

http://www.markimicrowave.com
mailto:marketing@dBControl.com
http://www.dBControl.com
http://www.qioptiq.com
http://www.fairviewmicrowave.com
http://www.fairviewmicrowave.com
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Application Notes

BIAS SEQUENCING IS something that is very familiar to 

many RF/microwave engineers. Essentially, sequencing 

circuits are needed to ensure that bias voltages are ap-

plied in the correct order. However, a tech brief from Cus-

tom MMIC titled “Throw out 

complex bias sequencers 

along with the negative volt-

age supply” explains how 

sequencing circuits can for 

all intents and purposes be 

eliminated from the design process.

Amplifiers based on depletion-mode pseudomorphic-

high-electron-mobility-transistor (D-pHEMT) technology 

have traditionally required bias sequencing circuits. As 

stated, sequencing circuits are utilized to properly bias 

transistors. Incorrect biasing often results in damage to 

a transistor. Furthermore, a depletion-mode device must 

also be powered down with the same sequence in reverse. 

The situation is even more complicated for complex sys-

tems that contain multiple amplifiers based on depletion-

mode technology. One specific example mentioned is a 

phased-array radar system in which sequencing must be 

applied to hundreds (or even thousands) of amplifiers. Any 

delays or offsets in the biasing scheme could have a major 

impact on the radar system’s overall sensitivity.

The tech brief explains that the solution to the problem 

lies in physics. Unlike D-pHEMT devices, enhancement-

mode pseudomorphic-high-electron-mobility-transistor 

(E-pHEMT) devices are normally non-conductive and only 

sink current when both the drain and gate are biased—re-

gardless of the sequence. Thus, sequencing circuitry is 

not needed for E-pHEMT devices. Furthermore, E-pHEMT 

transistors achieve performance levels that are compa-

rable with (or even better than) D-pHEMT transistors, ac-

cording to the tech brief. Specifically, in some instances, 

E-pHEMT devices can outperform D-pHEMT devices in 

terms of maximum gain, noise figure, and linearity.

Eliminating the need for bias sequencing can result in 

a number of benefits, such as a reduced bill of materials 

(BOM), more simplified circuitry, and a reduced number of 

extraneous noise sources. Designers can therefore focus 

on other important aspects of the system design. The tech 

brief concludes by stating that a number of manufacturers 

are utilizing E-pHEMT technology, with Custom MMIC cur-

rently offering a range of power amplifiers (PAs) and low-

noise amplifiers (LNAs) based on E-pHEMT technology.

M
ULTIPLE-INPUT, MULTIPLE- 

OUTPUT (MIMO) technol-

ogy is currently receiving 

a great deal of attention. Specifcally, 

massive MIMO is something that is 

ofen discussed with regard to 5G 

communications, and is the subject of 

Keysight Technologies’ new white pa-

per, “Massive MIMO: Answering Some 

Common Questions.” 

The white paper provides a brief his-

tory of MIMO technology, explaining 

how its roots can be traced back many 

years. Several people involved with the 

technology’s early work are mentioned. 

Moreover, MIMO technology has been 

associated with the IEEE 802.11 wire-

less-local-area-networking (WLAN) 

standard since IEEE 802.11n, as well as 

cellular mobile radio since 2007.

After explaining what MIMO tech-

nology is, the author describes three 

different use cases. For one, MIMO 

technology allows for the use of more 

than one path to decrease the error rate 

of a single set of data. 

It can also allow for the 

use of more than one 

path for different sets 

of data. Lastly, MIMO 

technology can manipu-

late the inherent nature of multipath 

interference to either cancel or augment 

the signal at any physical location in the 

radio channel.

Several MIMO terms are then 

defined. The first one is single-user 

MIMO (SU-MIMO), which involves 

using multiple radio paths to improve 

communications with a single user. 

The other terms defined are multi-user 

MIMO (MU-MIMO), full-dimension 

MIMO (FD-MIMO), and the afore-

mentioned massive MIMO.

The white paper then answers some 

oft-asked questions concerning MIMO 

technology. The first ques-

tion is simply whether or 

not MIMO is the same as 

beamforming. The author 

states they are not the same, 

proven in part by the fact 

that beamforming is utilized in many 

non-MIMO applications. Another 

question is with regard to just how 

many antennas are associated with 

massive MIMO. The white paper also 

discusses the feasibility of massive 

MIMO based on frequency-division-

duplex (FDD) communications. The 

last question concerns whether or 

not massive MIMO is only usable at 

millimeter-wave frequencies.

GET ANSWERS to Your MIMO Questions 

E-PHEMT TECHNOLOGY JETTISONS BIAS SEQUENCERS   

Keysight Technologies, 
1400 Fountaingrove 

Pkwy., Santa Rosa, CA, 
95403; (800) 829-4444; 

www.keysight.com

Custom MMIC, 
300 Apollo Dr., 

Chelmsford, MA 01824; 
978-467-4290; 

www.custommmic.com

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

                                   UP TO 100 Watt

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

$$

995995ea. qty. (1-9)from

•
•

•

•
•

•

ModelModel        Frequency       Frequency GainGain PoutPout@ Comp.       $ Price@ Comp.       $ Price*
(MHz)(MHz) (dB)(dB) 11 dBdB1 dB 33 dBdB3 dB (Qty. 1-9)(Qty. 1-9)

( W ) (W)

ZVM-273HP+ 13000-26500   14.5 0.5 0.5 2195

ZVE-3W-83+ 2000-8000    35 2 3 1424.95

ZVE-3W-183+ 5900-18000   35 2 3 1424.95

ZHL-4W-422+ 500-4200 25 3 4 1160

ZHL-5W-422+ 500-4200 25 3 5 1670

ZHL-5W-2G+ 800-2000  45 5 5 995

ZHL-10W-2G+ 800-2000  43 10 12 1395

ZHL-16W-43+ 1800-4000    45 12 16 1595

ZHL-20W-13+ 20-1000 50 13 20 1470

ZHL-20W-13SW+ 20-1000 50 13 20 1595

LZY-22+ 0.1-200 43 16 30 1595

ZHL-30W-262+ 2300-2550    50 20 32 1995

ZHL-25W-63+ 700-6000    53 25 - 8595

ZHL-25W-272+ 20-2700 50 10  25      3795.95

ZHL-30W-252+ 700-2500  50 25 40 2995

LZY-2+ 500-1000  47 32 38 2195

LZY-1+ 20-512 42 50 50 1995

ZHL-50W-52+ 50-500 50 63 63 1395

ZHL-100W-52+ 50-500 50 63 79 1995

ZHL-100W-GAN+ 20-500 42 79 100 2845

ZHL-100W-272+ 700-2700 48 79 100 7995

ZHL-100W-13+ 800-1000 50 79 100 2395

ZHL-100W-352+ 3000-3500 50 100 100 3595

ZHL-100W-43+ 3500-4000 50 100 100 3595

NEW!

NEW!

   Listed performance data typical, see minicircuits.com for more details.
• Protected under U.S. Patent 7,348,854 

*Price Includes Heatsink

http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com
http://www.minicircuits.com
http://www.minicircuits.com
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T
he rapid pace of technological advancement 

should be celebrated and embraced. It fuels amaz-

ing new technologies and scientific achievements 

that make us more connected and safer. It also 

pushes the limits of what we previously thought possible. The 

impact of these achievements is no longer isolated to a narrow 

market vertical. It permeates every industry and exposes the 

established market incumbents to an unusual combination of 

disruption and growth potential. 

But the pressure and the challenge to drive business are 

daunting in this climate. How do you stimulate growth while 

making large investments in future technologies without 

dramatically changing your business model? Companies 

are watching their operational costs balloon as they dip 

their toes into numerous areas of investment that require 

significant and often disparate expertise. Meanwhile, small 

startups with incredible focus and no prior obligations can 

leverage new technologies in ways that established competi-

tors struggle to answer. 

So how do you protect yourself from disruption? How do 

you innovate without radically increasing the cost of doing 

business? It all boils down to one simple question: Do you feel 

secure in the tools you’re using? That’s the magic question, 

whether it’s your personal finances, career, or the engineering 

systems of the future. For instance, the Industrial Internet of 

Things (IIoT) ushers in a new era of both networked poten-

tial and significant risk. To best understand which software 

prepares you to most securely engineer future systems, you 

should turn to the recent past.

In 2005, the previous three technological decades were 

defined by one simple observation made by the co-founder of 

Intel, Gordon Moore. Moore’s law was the prediction, based on 

the recent past, that the number of transistors per square inch on 

an integrated circuit would continue to double every 18 months. 

Seemingly linear growth was just the start of exponential growth. 

Before we knew it, CEOs from every semiconductor manu-

facturer talked about the number of parallel-processing cores 

over the next few years. Intel CEO Paul Otellini promised 

80-core chips in the following five years. The demand for more 

processing power with lower latency marched on. Alterna-

tive processing fabric emerged. First, the FPGA stormed into 

popularity with its software-defined timing and massively 

complex low-level programming languages. Next, heteroge-

neous processing was born when the traditional processor and 

FPGA were combined onto a single chip.

Along with this explosion of processor architectures came 

a flood of new programming environments, programming 

languages, and open-source fads biding their time until the 

inevitable decline into oblivion. And, of course, the whole 

Software Centricity  
Seeks to Make the 
Impossible Possible
This software-centric platform helps 

solve today’s difficult challenges by 

allowing for productivity through abstrac-

tion, software interoperability, compre-

hensive data analytics, and the efficient 

management of distributed systems.
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burden of figuring out how to efficiently program the proces-

sors fell on you. 

But now, we look to the future. The explosion of processing 

capabilities is leading us forward into a world of hyperconnec-

tivity. And this world becomes more connected as engineering 

systems become more distributed. Trends like 5G and the 

IIoT promise to connect infrastructure, transportation, and 

the consumer network to enrich the lives of people the world 

over. It’s inarguable that software will be the defining aspect of 

any engineering system, if it’s not already. And it won’t be long 

before hardware becomes completely commoditized and the 

only distinguishing component of a system will be the IP that 

defines the logic.

Most test-and-measurement vendors have been slow to 

respond to the inevitable rise of software; they’re just now hit-

ting the market with software environments that help the engi-

neering community. But even those can only get you so far. 

As the industry continues to evolve, the tools engineers use to 

design these connected systems must meet four key challeng-

es: productivity through abstraction, software interoperability, 

comprehensive data analytics, and the efficient management 

of distributed systems.

PRODUCTIVITY THROUGH ABSTRACTION

Abstraction is one of those words that’s so overused it’s in 

danger of losing its meaning. Simply put, it is making the com-

plex common. In the world of designing engineering systems, 

complexity often comes from programming. The custom logic 

that adds the smart to smart systems typically requires a level 

of coding that’s often so complex, it’s what separates the pros 

from the amateurs. 

The complex must become common, though. To solve this 

challenge, engineers need a “programming optional” work-

flow that enables them to discover and configure measure-

ment hardware, acquire real-world data, and then perform 

data analytics to turn that raw data into real insight. NI is 

introducing a new configuration-based workflow in the form 

of LabVIEW NXG (Fig. 1). 

The NXG workflow is complemented by the graphical data-

flow programming paradigm native to LabVIEW, which is 

known for accelerating developer productivity in complex system 

design for nearly 30 years. With this configuration-based interac-

tion style, you can progress from sensor connections all the way 

to the resulting action without the need for programming—and 

still construct the code modules behind the scenes. That last step 

is a critical feature that streamlines the transition from one-off 

insights into repeatable and automated measurements.

SOFTWARE INTEROPERABILITY

With the growing complexity of today’s solutions, the need 

to combine multiple software languages, environments, and 

approaches is quickly becoming ubiquitous. However, the cost 

of integrating these software components is considerable and 

continues to rise. 

Languages for specialized hardware platforms must be inte-

grated with other languages as these compute platforms are 

being combined into single devices. Typically, the solution to 

this is that the design team assumes the burden of integration. 

However, this is essentially just treating the symptoms and not 

addressing the root cause. The software vendors must fix the 

root cause. 

By design, NI’s software-centric platform places this soft-

ware interoperability at the forefront of the development pro-

cess (Fig. 2). Though LabVIEW has been at the center of this 

software-centric approach, many complementary software 

products from other companies are individually laser-focused 

on specific tasks, such as test sequencing, hardware-in-the-

loop prototyping, server-based data analytics, circuit simula-

tion for teaching engineers, and online asset monitoring. 

These products are purposefully limited to the common 

workflows of the engineers and technicians performing those 

tasks. This characteristic is shared with other software in the 

industry tailored to the same purpose. However, for NI soft-

ware, LabVIEW provides ultimate extensibility capabilities 

through an engineering-focused programming language that 

defies the limitations of tailored software. 

For example, consider DAQExpress. It is new companion 

software for USB and low-cost plug-in NI data-acquisition 

hardware that significantly simplifies the discovery and con-

figuration of hardware, as well as provides access to live data in 

two clicks. All configuration “tasks” within this product are fully 

transferrable to LabVIEW NXG, which simplifies the transition 

from hardware configuration to measurement automation. 

In addition to interoperating within the NI platform, prod-

ucts like LabVIEW 2017 feature enhanced interoperability 

with IP and standard communications protocols. For embed-

ded systems that need to interoperate with industrial automa-

tion devices, LabVIEW 2017 includes native support for IEC 

61131-3, OPC-UA, and the secure DDS messaging standard. It 

also offers new interactive machine-learning algorithms and 

native integration with Amazon Web Services. 

1. New workflows in LabVIEW NXG enable users to acquire, analyze, 

and export measurement data without programming.
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Software Centricity 

COMPREHENSIVE DATA ANALYTICS

Perhaps the most prolific benefit of the 

mass connectedness between the world’s 

systems is the ability to instantaneously 

access data and analyze every data point 

you collect. This process is critical to auto-

mating decision-making and eliminating 

preventable delays in the necessary cor-

rective action when data anomalies hap-

pen. To create the future network that can 

support this need, billions of dollars are 

being poured into research as algorithm 

experts from around the globe race to meet 

the demands of 1-ms latency coupled with 

10-Gb/s throughput. 

This direction introduces new demands 

on software. The first is to ensure that the 

processing elements can be easily deployed 

across a wide variety of processing archi-

tectures and then redeployed on a different 

processor with minimal (hopefully zero) 

rework. The second is to be open enough 

to now interface with data from an infinite 

number of nodes and via an infinite num-

ber of data formats.

NI has invested in server products 

that allow you to intelligently and easily 

standardize, analyze, and report on large 

amounts of data across your entire test 

organization. A key component is pro-

viding algorithms to preprocess files and 

automatically standardize items such as 

metadata, units, and file types in addition 

to performing basic analysis and data quality checks. Based on 

that data’s contents, the software can then intelligently choose 

which script gets run. This type of interface is critical to elimi-

nating the complexity of real-time data analytics, so that you 

can focus on what matters: the data.

DISTRIBUTED SYSTEMS MANAGEMENT

The mass deployment and connectedness of these systems 

have renewed the need to efficiently manage all of the distrib-

uted hardware from a centralized—and often remote—loca-

tion. Today, this typically requires replicating single-point 

deployments across hundreds, and even thousands, of sys-

tems. Centralizing the management then leads to the ability 

to see a real-time dashboard of the hardware from the remote 

depot instead of physically accessing the system. 

SystemLink is new software from NI that helps you central-

ize the coordination of a system’s device configuration, soft-

ware deployment, and data management (Fig. 3). This reduces 

the administrative burden and logistical costs associated with 

systems-management functions. The software also improves 

test- and embedded-system uptime by promoting awareness 

of operational state and health criteria. It simplifies managing 

distributed systems and provides APIs from LabVIEW and 

other software languages such as C++.

ASK YOURSELF AGAIN

Beyond the individual innovation within each of these prod-

uct releases, the collection represents the culmination of ongo-

ing investment in software that NI has committed to year after 

year. Again, the unique combination of software products and 

their inherent interoperability distinguishes NI’s platform. From 

discovering the Higgs boson particle to decreasing test times by 

100X for Qualcomm, to being Nokia’s and Samsung’s solution 

of choice for their 5G research, NI’s software-centric platform is 

the building block that engineers often use to solve the most 

complex challenges in the world.

Ask yourself again: How secure do you feel in the tools 

you’re using?  
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2. The interoperability between products in NI’s software portfolio simplifies the sharing of 

IP and transfer of code for more complex development.

SystemLink application
Server

Security
User authentication

Data processing

Managed systems

CompactRIO

CompactRIO

PXI

PXI

3. SystemLink introduces a web-based interface to manage distributed hardware systems.
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THEY ARE OFTEN the forgotten part of a system, the means of 

moving a signal from one point to another. With the fascina-

tion toward wireless applications taking center stage over the 

past three decades, RF/microwave engineers will tend to forget 

about the still-important needs for wires (cables) and connec-

tors. They come in handy when interconnecting coaxial mod-

ules within a system or making a hookup between a device 

under test (DUT) and a test instrument, such as a spectrum 

analyzer or vector network analyzer (VNA).

Coaxial cables and connectors have come a long way from 

the basic assemblies that spanned dc to 18 GHz for military 

electronic-warfare (EW) systems and test applications. With the 

growing interest in millimeter-wave frequencies, a greater num-

ber of connector and cable suppliers are offering these parts and 

assemblies through 40 GHz. In fact, a surprising number offer 

cable assemblies that exceed 100 GHz. That’s in response to the 

availability of millimeter-wave test instruments and the need for 

testing higher-frequency DUTs for the anticipated greater use of 

millimeter-wave frequencies in emerging 5G wireless networks.

FREQUENCY AND BANDWIDTH

The dimensions of connectors and cables necessarily shrink 

with increasing frequencies to accom-

modate the smaller wavelengths at those 

higher frequencies. Government organiza-

tions such as the Small Business Innovative 

Research (SBIR, www.sbir.gov) program are 

well aware of how bandwidth is being rap-

idly consumed at microwave frequencies, 

in both commercial and military systems, 

and all available bandwidth lies at higher 

frequencies. The SBIR is currently looking 

for microfabricated broadband connector 

designs through 400 GHz for millimeter-

wave and submillimeter-wave applications 

(working in particular with Nuvotronics) in 

support of test and research work. 

In the real world, however, available 

connectors and cables are typically much 

lower in frequency, although typical cut-

off frequencies for the 

cables now reach into 

the millimeter-wave 

region. Many of the 

cable assemblies  to 

100 GHz and higher 

are marketed as VNA 

cables because they are 

mostly used for high-

frequency coaxial mea-

surements with a VNA. 

As test and system 

engineers working with 

such high-frequency cables have learned, the flexible versions 

of such cables can be susceptible to phase variations with 

flexure. As is known by anyone who has watched the phase 

response on a VNA screen while inadvertently (or intention-

ally) moving the position of a test cable, the phase can change 

with such cable movement. A cable assembly’s amplitude char-

acteristics can also change with time and temperature, which 

has led a growing number of cable manufacturers to develop 

“phase-stable” cables and cable assemblies.

GOING THROUGH A PHASE

For example, Times Microwave 

Systems (www.timesmicrowave.

com) refers to its PhaseTrack cables 

(Fig. 1) as being “phase critical,” and 

has developed a proprietary dielec-

tric material called TF4 to maintain 

excellent phase stability with fre-

quency and temperature. The dielec-

tric material was formulated as an 

enhancement over the polytetrafluo-

roethylene (PTFE) dielectric material 

commonly used in microwave cables, 

but characterized by a “phase knee” or 

phase transition at room temperature, 

indicating rapid changes in phase 

behavior of a PTFE-based cable. 

JACK BROWNE | Technical Contributor 

Product Trends

While they can’t match the low loss and power handling of waveguide, coaxial 

cables and connectors are climbing the frequency ladder to cope with anticipated 

5G applications. 

Cables and Connectors  
Head for Higher Frequencies

1. These phase-stable cables employ a 

proprietary dielectric material to achieve 

phase stability with temperature.  

(Courtesy of Times Microwave Systems)

COAXIAL CONNECTORS AND 
THEIR FREQUENCY RANGES

Connector type
Frequency  

range (GHz)

BNC DC to 4

TNC DC to 4

7-16 DIN DC to 7.5

Type N DC to 11

C DC to 12

SMA DC to 18

Precision SMA DC to 26.5

3.5 mm DC to 26.5

2.4 mm DC to 50

2.92 mm/K DC to 40

1.85 mm DC to 65

1.00 mm DC to 110
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These 50-Ω phase-critical cables are 

available with different diameters; the 

smallest-diameter cables provide the 

highest frequency of operation, a cutoff 

frequency (Fco) of 80 GHz for the raw 

cable. When supplied as a cable assembly, 

the frequency cutoff will depend on the 

choice of connectors (see table on page 

94), with 1.0-mm connectors required 

for the highest frequency of operation. 

Many of these VNA-type cables are 

characterized in terms of their phase 

variations with flexure, since flexible 

cables can commonly be moved and 

repositioned when connecting and 

unconnecting a DUT to a test setup. 

Flexible VNA test cables from Paster-

nack Enterprises (www.pasternack.com) 

are available with cutoff frequencies 

of 50 and 67 GHz (Fig. 2). They have 

maximum phase variation with flexure 

of ±6 deg. to 50 GHz and ±8 deg. to 67 

GHz. The cables are rated for as many as 

100,000 flexing cycles without signifi-

cant degradation in performance, while 

the connectors can handle as many as 

5000 mating cycles. 

When higher-frequency operation 

is needed, Phase3 coaxial cables from 

MegaPhase with minimum diameter 

and 1.0-mm connectors (model CO5) 

are capable of low-loss operation to 110 

GHz (Fig. 3). The cables are constructed 

with solid-gold-plated, copper-clad steel 

inner conductor; gold-plated, copper 

braid outer conductor; laminated PTFE 

dielectric; and blue polyolefin over FEP 

jacket. While the loss is 4.947 dB/ft. at 

Coaxial Cables and Connectors 

2. These VNA test cables are rated for as 

many as 100,000 flexures without significant 

degradation in performance. (Courtesy of  

Pasternack Enterprises)
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110 GHz, it is only 2.068 dB/ft. at 26.5 

GHz, and just 0.347 dB/ft. at 1 GHz. The 

cable assemblies feature outstanding 

shielding effectiveness (SE) of −110 dB. 

Phase stability was one of the design 

goals of the Stability line of RF/micro-

wave cable assemblies from Maury 

Microwave. These phase- and amplitude-

stable cable assemblies, designed for mea-

surement applications, provide excellent 

repeatability even after multiple flexures. 

The cables use the ColorConnect color-

coding scheme to identify cable and con-

nector types to avoid improper mating 

and damage to connectors. The cable assemblies are available 

with a wide range of connectors, including 2.4-mm and 1.85-

mm connectors for use to top frequencies of 50 and 67 GHz, 

respectively.

AT LOWER FREQUENCIES

Of course, not all interconnect applications are in the 

millimeter-wave frequency range. For many applications, a 

standard microwave cable assembly will do the job. Mini-

Circuits recently added a line of 4-in.-long flexible coaxial 

cable assemblies for interconnections in 

tight places. The 141-SMSM+ series Hand-

Flex flexible coaxial cables have an SMA 

female bulkhead connector at one end and 

an SMA male connector at the other end. 

The configuration eliminates the need for 

bulkhead adapters, and the minimum bend 

radius of 8 mm simplifies interconnection of 

closely spaced components. The insertion 

loss is typically 0.05 dB to 2 GHz and 0.21 

dB from 2 to 18 GHz.

One of the latest connector developments 

intended to simplify assembly of printed-cir-

cuit boards (PCBs) is a solderless end-launch 

connector from SV Microwave (www.svmicrowave.com). It 

mounts by means of compression fit and provides the transi-

tion from the coaxial signal realm to a PCB using the most 

popular transmission-line technologies, including microstrip, 

stripline, and coplanar waveguide (CPW). 

The connector, which is fabricated with stainless steel, 

adjusts to multiple thicknesses of PCBs. It comes in a number 

of connector configurations, including SMA, 2.92-mm, 2.4-

mm, and 1.85-mm types for high-speed digital applications as 

well as analog frequencies from dc to 50 GHz.  

3. With 1.0-mm connectors, these 

high-performance cables can operate 

to 110 GHz with low loss. (Courtesy of 

MegaPhase)
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Product Trends
DR. GENT PAPARISTO, JOEL KIRSHMAN, DAVID VYE | AWR Group, NI

www.awrcorp.com 

P
art 1 of this two-part series discussed the devel-

opment costs and complexity of new radar and 

communications systems utilizing phased-array 

antennas, and how these challenges are being 

addressed through new functionalities in electronic-design-

automation (EDA) software. Part 2 delves into individual 

antenna-element development and its incorporation into an 

array simulation that accounts for mutual coupling between 

radiating elements, as well as positioning (edge, center, cor-

ner) within the array and impairments due to element failure. 

INDIVIDUAL ANTENNA DESIGN

From the example in Part 1, a 15-×-5 array presented the 

radiation patterns for an ideal isotropic antenna (gain = 0 dBi) 

and a simple patch antenna. In addition to the array configura-

tion itself, the design team will likely want to specify the radia-

tion pattern and size constraints for the individual antenna 

elements. This operation can be performed using the synthesis 

capabilities in the AntSyn antenna synthesis and optimization 

module within NI AWR Design Environment. 

AntSyn uses an electromagnetic (EM) solver driven by propri-

etary evolutionary algorithms to explore multiple design options 

based on antenna specifications defined by the engineer. These 

specifications include typical antenna metrics, physical size 

constraints, and optional candidate antenna types (the user may 

select from a database of antenna types or let the software auto-

matically select likely antenna types to optimize; Fig. 1). 

AntSyn creates antenna geometries from its database of 

design types. It then applies EM simulation and its unique evo-

lutionary optimization to modify those designs to achieve the 

required electrical performance and size constraints. A run-

time update of the design types under investigation is listed, 

along with a star rating system to indicate which designs are 

close to achieving the desired performance.

Capitalize on EDA  
When Developing 
MIMO, Phased-Array 
Antenna Systems, Part 2
How can advanced software be utilized to develop individual antenna elements that 

comprise array simulations?

1. This figure depicts 

the antenna design 

spec-sheet user 

interface. Shown are 

the electrical require-

ments and physical 

constraints inputs, 

as well as a database 

of candidate antenna 

types for use in EM 

optimization.
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Users are able to review the results and design styles as the 

simulation progresses. Promising designs can then be exported 

into an AWR Design Environment EM tool (AXIEM 3D planar 

simulator or Analyst 3D finite-element method simulator) or 

through AWR Connected third-party EM simulators (Fig. 2).

Figure 3 shows the design flow between AntSyn and NI AWR 

Design Environment. AntSyn takes antenna requirements and 

generates an antenna for use in EM tools, which will create the 

antenna pattern for the Visual System Simulator (VSS) phased-

array model.  

Due to its relatively small size and 

easy fabrication, a square-ring patch 

antenna was chosen from the poten-

tial antennas created by AntSyn. 

The antenna was exported using the 

AXIEM options and then imported 

into a new AXIEM EM structure in the 

initial phased-array project. Figure 4 

shows the re-simulated antenna. 

This simulation provided the 

antenna pattern used to replace the 

original patch antenna employed in 

the 15-×-5 phased array (Fig. 5a). 

The new antenna pattern is depicted 

in Figure 5b. The new phased-array 

results for both the original antenna 

(red trace) and the square-ring patch 

(green trace) can be seen in Figures 5c and 5d.

MODELING COMPLEX INTERACTIONS

The mutual coupling between antenna elements affects anten-

na parameters like terminal impedances and reflection coef-

ficients, and hence the antenna-array performance in terms of 

radiation characteristics, output signal-to-interference noise 

ratio (SINR), and radar cross section (RCS). The most recent 

V13 release of VSS includes new capabilities for more accurate 

simulation of these parameters, including enhanced modeling 

of element patterns and mutual coupling. 

What we’ll examine next are these recent 

advances in advanced phased-array mod-

eling, including accurate representation of 

the feed structure.

As mentioned, VSS lets designers define 

gains or full radiation patterns for each 

antenna element in the phased array. Thus, 

they can use different radiation patterns 

for internal, edge, and corner elements of 

the phased array (Fig. 6). 

The radiation pattern of each antenna 

element will likely be affected by its posi-

tion in the phased array. These patterns 

may be measured in the lab or calculated 

in AXIEM or Analyst. A simple approach 

to characterize the appropriate radiation 

pattern for a given element is to use a 

3-×-3 phased array. One element is then 

excited, while all others are terminated. 

2. The AntSyn project tree (left) lists the original spec sheet, as well as all attempted antenna 

designs with their star rating, showing how well the antenna came to desired results. Individual 

antenna results can be viewed with the interface (right) and exported to supported EM tools.

AntSyn

User design input Synthesis Export data

Electrical Properties

EM optimization 
based on evolution-
ary algorithm pro-

vides design candi-
dates that achieved 
user specifications

Analyst (3D)
AXIEM (planar)

ANSYS HFSS (3D)
CST (3D)
WIPL (3D)

DXF (layout)
STEP (3D geometry)

Frequency, VSWR, gain pattern, polarization

Physical Properties

Geometric constraints,  
ground-plane details, dielectric properties

Antenna Type

Planar, horn, dipole, helix, etc.

NI AWR Design Environment

Operation Product

Import AntSyn model (XML) as an EM structure in AXIEM or Analyst  
(planar or 3D) using EM socket.
Perform EM simulation to generate radiation pattern

AXIEM or Analyst
AXIEM or Analyst

Assign radiation pattern to phased-array model
Simulate new array pattern
RF-link budget design

VSS
VSS
VSS

Array/feed-network interactions VSS/Microwave Office

Feed-network design Microwave Office

3. Shown are operations and products used 

to create a new antenna design for EM analy-

sis and incorporation into the VSS phased-

array model.
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Phased-Array Antenna Systems

This one excited element could either be the internal element, 

one of the edge elements, or one of the corner elements. 

The method described will provide the internal, edge, and 

corner element radiation patterns, which can then be automati-

cally stored in data files using the NI AWR software output data 

file measurements (the same technique used in the example 

above). This approach includes the effect of mutual coupling 

from first-order neighbors. An array with a larger number of 

elements may be used to extend mutual coupling to first- and 

second-order neighbors.

It is also important to capture the mutual coupling between 

neighboring elements. The VSS phased-array model does this 

through a coupling table defined in the configuration file. Dif-

ferent coupling levels can be defined based on distance from 

each other. In Figure 7, the coupling, which is specified in mag-

nitude (dB) and phase (degrees), is defined for two different dis-

tances (adjacent side elements: radius c_1 and adjacent corner 

elements: radius c_2).

MODELING IMPAIRMENTS AND 

YIELD ANALYSIS

RF hardware impairments of the array 

will affect the resulting side-lobe levels 

and beam patterns and ultimately reduce 

system-level performance. For transmit-

ter arrays, side-lobe levels from imper-

fectly formed beams may interfere with 

external devices or make the transmitter 

visible to countermeasures. In radar sys-

tems, side lobes may also cause a form 

of self-induced multipath, where mul-

tiple copies of the same radar signal arrive 

from different side-lobe directions, which 

can exaggerate ground clutter and require 

expensive signal processing to remove. 

Therefore, it is critical to identify the source of such impair-

ments, observe their impact on the array performance, and take 

steps to reduce or eliminate them. 

The VSS phased-array configuration file allows engineers 

to simulate array imperfections due to manufacturing flaws or 

element failure. All gain/phase calculations are performed inter-

nally and yield analysis can be applied to the block to evaluate 

sensitivity to variances of any defining phased-array parameters. 

As an example, VSS was used to perform an element failure 

analysis on a 64-element (16-×-4) array, producing the plots in 

Figure 8, which illustrates the side-lobe response degradation. 

RF impairments can also be caused by any number of items 

relating to the feed network design and related components. 

Systematic errors that may be compensated include inter-chain 

variations caused by asymmetrical routing (layout); frequency 

dependencies; noise; temperature; and varied mismatching due 

to changing antenna impedance with steer angle, which also 

impacts amplifier compression. Therefore, it is imperative to be 

4. Here, an AntSyn-generated square-ring antenna is imported into AXIEM and simulated to 

generate antenna patterns used by the VSS phased-array model.
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able to simulate the interactions between 

the antenna array and the individual RF 

links in the feed network. 

RF LINK MODELING

NI AWR software products include the 

simulation and modeling technology to 

capture these impairments accurately and 

incorporate results into the VSS phased-

array assembly model. This is an impor-

tant functionality, since RF links are not 

ideal and can cause the array behavior to 

deviate significantly. The phased-array 

assembly can operate in either the RX or 

TX mode, supporting the configuration 

of the array-element geometry, each ele-

ment’s antenna characteristics, the RF 

link characteristics, and the common lin-

ear characteristics of the combiner/split-

ter used to join the elements together.

The configuration is performed pri-

marily through a text data file. Com-

monly swept settings are specified either 

directly via block parameters (such as 

steering angles), or specified in the data 

file but capable of being overridden via 

block parameters (such as individual ele-

ment gain and phase adjustments).
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6. The VSS phased-array model supports the ability to assign different antenna patterns to 

individual elements, enabling designers to more accurately represent corner, edge, and cen-

ter elements.

5. Shown are the original antenna pattern of the single-patch antenna used in the original 

phased-array analysis (a), the antenna pattern for the square-ring antenna generated by 

AntSyn (b), and radiation patterns from phased arrays based on simple patch antennas and 

square-ring patches (c; d).
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Phased-Array Antenna Systems

The configuration of the phased-array assembly may be divid-

ed into several sections:

•  Array geometry: Defines the number of elements, their 

placement, and any geometry-related gain and phase tapers.

•  Antenna characteristics: Defines antenna gain, internal loss, 

polarization loss, mismatch loss, and radiation patterns for both 

receive and transmit configurations.

•  RF-link characteristics: Defines links for individual ele-

ments, including gain, noise, and 1-dB compression point 

(P1dB). Supports two-port RF nonlinear amplifiers using large-

signal nonlinear characterization data typically consisting of 

rows of input power or voltage levels and corresponding output 

fundamental, harmonic, and/or intermodulation product levels. 

Frequency-dependent data is also supported.

•  Assignment of antenna and 

RF-link characteristics to indi-

vidual elements. 

•  Power splitter characteristics: 

Splits the incoming signal into 

n-connected output ports.

•  Mutual coupling characteris-

tics (previously discussed).

One common challenge is 

that not all RF links should be 

equal. For example, gain tapers are commonly employed in 

phased arrays. However, when identical RF links are used for 

all antenna elements, elements with higher gains may operate 

well into compression while others operate in a purely linear 

region, causing undesired array performance. To avoid this 

problem, designers often use different RF-link designs for 

different elements. While this is a more complicated task, the 

designs can be achieved with VSS phased-array modeling, 

resulting in more efficient phased arrays.

To assist the design team creating the feed network and pro-

viding the RF link to the systems team, VSS includes the capabil-

ity to automatically generate the characteristics of the phased-

array element link defined by the data tables. The designer 

starts by creating a schematic-based link design per the system 

C2C1 C2

C_1_MAX_DIST = 1.25
C_2_MAX_DIST = 1.75

Freq (,GHz) C_1 (Mag, dB) C_1 (Phs, Deg) C_2 (Mag, dB) C_2 (Phs, Deg)

1 –5 20 –10 –20

7. This figure shows the 64-element array, as well as the mutual 

coupling table used in the configuration file to specify the 

amount of coupling between elements to enable more accurate 

simulation of terminal impedances, reflection coefficients, etc. 
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requirements. A “measurement” extracts 

the design characteristics (including cir-

cuit-level design details like nonlineari-

ties) through NI AWR Design Environ-

ment Microwave Office co-simulation, 

and saves a properly formatted data file 

for use with the phased-array assembly 

model (Fig. 9).

IN-SITU NONLINEAR SIMULATIONS

An accurate simulation must also 

account for the interactions that occur 

between the antenna elements and the 

driving feed network. The problem for 

simulation software is that the anten-

na and the driving feed network influ-

ence each other. The antenna’s pattern is 

changed by setting the input power and 

relative phasing at its various ports. At 

the same time, the input impedances at 

the ports change with the antenna pat-

tern. Since input impedance affects the 

performance of the nonlinear driving circuit, the 

changing antenna pattern impacts overall system 

performance.

In this case, the input impedance of each ele-

ment in the array must be characterized for all 

beamsteering positions. The array is only sim-

ulated once in the EM simulator. The resulting 

S-parameters are then used by the circuit simu-

lator, which also includes the feed network and 

amplifiers. As the phase shifters are tuned over 

their values, the antenna’s beam 

is steered. At the same time, each 

amplifier sees the changing imped-

ance at the antenna input to which 

it is attached. Thus, the amplifier’s 

performance is affected. 

In this final example, the power 

amplifiers (PAs) are nonlinear, 

designed to operate at their P1dB 

for maximum efficiency. They are, 

therefore, sensitive to the changing 

Mag max
20 dB

11.6667 dB
per div

Mag min
–50 dB

Mag max
20 dB

11.6667 dB
per div

Mag min
–50 dB

Antenna Pattern Ref Antenna Pattern Ref

Failure rate = 2%
(element #9)

Failure rate = 5%
(element #9, #36, #55)

8. Shown are the side-lobe degradations that corre-

spond to element failures of 2% and 5%.

9. VSS has the capability to extract char-

acterization of RF-link designs and allow 

assignment of individual elements in the 

phased array.

www.yuden.co.jp/ut/solutions

103GO TO MWRF.COM

http://www.yuden.co.jp/ut/solutions
http://mwrf.com


Phased-Array Antenna Systems

load impedances presented by the array. The beam of a 16-element 

array is steered by controlling the relative phasing and attenuation 

to the various transmit modules (Fig. 10). In practice, the harmon-

ic balance simulation in Microwave Office used to characterize the 

PAs takes substantial time to run with 16 PAs. Therefore, the beam 

is steered with the amplifiers turned off. The designer then turns 

on the individual PA for specific points of interest after obtaining 

the load impedance from the directed antenna. 

At this point, the designer can directly investigate the PA’s 

nonlinear behavior as a function of the load (antenna) imped-

ance. With the load-pull capability in Microwave Office, PA 

designers can investigate output power, compression, and any 

other number of nonlinear metrics defining the amplifier’s 

behavior (Fig. 11). 

With a detailed characterization of the RF links for each 

individual element, the overall system simulation is able to 

indicate trouble areas (Fig. 12). These issues would have previ-

ously gone undetected until expensive prototypes were made 

and tested in the lab. 

CONCLUSION

The capability to design and verify 

the performance of the individual com-

ponents, along with the entire signal 

channel that defines the AESA radar, 

is a necessity due to increasing element 

counts and advances in antenna/elec-

tronics integration. Through a sophis-

ticated design flow that encompasses 

circuit simulation, system-level behav-

ioral modeling, and EM analysis oper-

ating within a single design platform, 

development teams can investigate sys-

tem performance and component-to-

component interaction prior to costly 

prototyping.  

16-element patch array

1 of 16 ports connecting array

1 of 16 modules1 of 16 modules

TX module:
amplifier,

phase shifter,
attenuator

10. The software allows for the characterization of changing antenna feed impedance as 

a function of beamsteering using the variable phase and attenuator settings defined in the 

feed network design.

Array Active Impedance HPA Load Pull
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Isolated element
Element 1
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11. Shown is the simulated antenna feed impedance versus frequency 

superimposed over power load-pull contours for a broadband MMIC PA.

12. This figure illustrates the phased-array simulations with 

RF-link effects, including the impact of impedance mismatch 

between a PA and steered antenna array.

104 SEPTEMBER 2017   MICROWAVES & RF



Plastic

Ceramic

515 rev F

$$199
from ea.(qty.  1000)DC DC  --20 20 GHz GHz 20 GHz 2WATTENUATOR2W ATTENUATORS

Ultra Small 2x2mm  2x2mm

RoHS compliant

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

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

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

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

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

as soon as tomorrow!

Mini-Circuits
¨

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

https://www.modelithics.com/MVP/MiniCircuits
“FREE High Accuracy RF Simulation Models!”

https://www.modelithics.com/MVP/MiniCircuits
http://www.minicircuits.com
mailto:sales@minicircuits.com
http://www.minicircuits.com


106 SEPTEMBER 2017   MICROWAVES & RF

Q&A
CHRIS DeMARTINO | Technical Editor

When talking about 5G, what role do you expect  

gallium-nitride (GaN) technology to have? 

Peterson: The primary role for GaN, or more specifically, 

GaN-on-silicon-carbide (GaN-on-SiC), is high-efficiency 

final stage power amplifiers (PAs) for both traditional high-

power macro, as well as emerging massive MIMO base station 

platforms. Widespread market adoption for GaN-on-SiC 

power amplifiers has been driven by the demand for wider-

bandwidth multi-carrier and multi-band systems. Systems 

that once covered a single 20-MHz bandwidth now need 10x 

the power and 20x bandwidth to handle various intraband and 

interband carrier aggregation combinations.

It is generally accepted that GaN-on-SiC Doherty PAs 

achieve higher power-added efficiency (PAE) at higher fre-

quencies and over larger bandwidth compared to incumbent 

LDMOS technology. At a unit-cell level, GaN devices are 

fundamentally more efficient and inherently have higher out-

put impedance, along with lower parasitic capacitance. This 

allows easier wideband matching and scaling to very large 

output powers. In addition, GaN-on-SiC is more reliable at 

high channel temperatures. The bottom line is that GaN is a 

fundamentally better semiconductor (high breakdown voltage 

and saturation velocity) that allows new system level trades to 

improve size, weight, power, and cost. 

As we move toward 5G, significantly wider component 

carrier bandwidths (up to 200 MHz) and new frequency 

bands covering 3.3 to 4.9 GHz and beyond are being stan-

dardized, requiring the use of GaN. In addition to the sub-

6-GHz enhancements, 5G will also introduce new milli-

meter-wave bands between 24-30 and 37-43 GHz. These 

millimeter-wave hybrid beamformed base stations will need 

very compact, fully-integrated front-end-modules. GaN’s 

high power density and low noise figure is particularly 

well suited for this application and will be key to achieving 

the effective isotropic radiated power (EIRP) and antenna 

gain to noise temperature (G/T) needed to close the link to 

mobile user equipment. 

What do you expect to see in terms of module integration? 

Peterson: The level of integration really depends on the 

platform. For traditional macro base stations, the final PA 

stage will integrate the main and peaker amplifier with pre-

matching and harmonic traps into a single compact dual-

path package. For massive MIMO platforms with up to 128 

transmit and receive paths, a much higher level of integration 

is needed. Initially, the driver plus fully matched Doherty PA 

will be integrated into a single package. 

On the receive side, dual-channel switch low-noise ampli-

fiers (LNAs) with multiple stages of variable gain are already 

mainstream. Over time, a single fully-integrated 2T2R or 

4T4R module will directly interface to the antenna and trans-

ceiver, and may include the isolators and filters. This module 

would also provide a separate feedback path for closed loop 

pre-distortion and a digital interface for control and biasing. 

At millimeter-wave frequencies, the antenna array element 

spacing is extremely small (3.75 mm at 39 GHz). It will be 

necessary to integrate at least the PA, TR Switch, and LNA into 

a single module. Further integration with a core-beamformer 

RFIC is expected, but may be delayed due to export compli-

ance considerations that limit output power when integrated 

with phase and amplitude controls. 

Can you tell us a little about the filter requirements and 

solutions that you expect to be associated with 5G? 

Peterson: There are several significant trends impacting 

filter requirements for 5G. First, most of the new bands for 5G 

are unpaired and use time-division duplexing. Unlike paired-

spectrum where the uplink and downlink frequencies can be 

closely spaced and require complex duplexing filters, unpaired 

spectrum typically allows simpler band filters. Second, the 

shift to full-dimensional beamforming and massive MIMO 

base stations gives additional freedom to null potential out-

of-band interferers. In addition, massive MIMO base stations 

require as many as 128 filters, so a compact form factor and 

lower cost will be critical.  

Qorvo systems engineer Bror Peterson discusses 

several topics in regard to 5G communications, such as 

gallium-nitride technology and more. 

Q&A: Bror Peterson 
At Qorvo, Big Expectations 
for GaN in 5G



Software
CHRIS DeMARTINO | Technical Editor

T 
o accomplish their design goals, RF/microwave 

filter designers have various options to choose 

from in terms of software tools. One such tool is 

currently offered by WaveCon (www.waveconsoft.

com), which was founded back in 1989. Today, WaveCon’s 

software can be utilized to design a wide range of filter types, 

including microstrip, stripline, and round-rod.

WaveCon’s original program is known as Parfil, which can 

be used to design bandpass, lowpass, highpass, and bandstop 

filters.  In addition to Parfil, WaveCon offers the Elliptic and 

ProCap design tools. Elliptic is intended to be used for the 

design of elliptic filters, while ProCap is a nodal analysis pro-

gram.

As stated, the Parfil tool can be used to design bandpass, 

lowpass, highpass, and bandstop filters. Figure 1 shows the 

software’s filter selection menu, with filter types that include 

Parallel Coupled Half Wave, Interdigital Tapped Input, Com-

bline Tapped Input, Hairpin Coupled Line Input, and many 

others.

MICROSTRIP BANDPASS FILTER EXAMPLE 

As an example, when selecting the Parallel Coupled Half 

Wave filter type, users are presented with a list of input param-

eters that includes Transmission Media, Filter Center Frequen-

cy, Filter Bandwidth, Ripple, Number of Filter Sections (Poles), 

and many more (Fig. 2). One simply has to enter the parame-

ters that are needed to satisfy the specific design requirements. 

Figure 2 shows the input parameters for a microstrip filter 

with a center frequency of 10 GHz.

Figure 3 shows the computed results for the specified filter. 

To help designers, WaveCon’s Parfil and Elliptic programs facilitate the creation of a 

wide variety of filters.

Software Tool Proves its 
Merit for Filter Design   

1. The Parfil program allows for the construction of a large number 

of filter types.

2. Shown is the software’s interface in which users must enter the 

filter parameters.

3. The 

numeri-

cal 

results 

are dis-

played in 

a tabular 

form.
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Software

The lengths and widths of the sections are shown along with 

the gap separation values. In addition, the even- and odd-

mode impedance values are shown in Fig. 3. 

At this stage, users have a number of options at their dispos-

al. For example, the Plot Window menu item includes a num-

ber of display options, such as Gain/Return Loss and Gain/

Group Delay (Fig. 4). Furthermore, the Tune option allows 

users to adjust the filter’s response.

FURTHER ANALYSIS

Of course, a designer may also want to use an electromag-

netic (EM) simulator to verify the filter’s performance at this 

stage in the design process. The results obtained from Parfil 

could then be incorporated into an EM simulator for per-

formance verification and optimization. In essence, Parfil is 

effective in terms of obtaining numerical filter values and then 

viewing results.

The process described is similar for other filter types. For 

example, Fig. 5 shows the input parameter list when selecting 

the Interdigital Tapped Input filter type. Users essentially fol-

low the same approach of entering the required parameters for 

this type of filter.

In addition to Parfil, WaveCon offers the Elliptic program. 

This software tool is intended for the design of elliptic filters. 

Figure 6 shows the program’s filter selection menu, which 

includes Parallel Coupled Half Wave Elliptic, Interdigital 

Shorted Line Input Elliptic, Combline Shorted Line Input Ellip-

tic, and several others. A similar list of input parameters is 

displayed after a filter type is selected.

In summary, WaveCon’s software is certainly a helpful tool 

for filter design. While this article focused on the Parfil and 

Elliptic software programs, the ProCap program also offers 

its own analysis capabilities. For additional information about 

any of the company’s offerings, visit its website.  

REFERENCE

Pramanick, Protap and Bhartia, Prakash, Modern RF and Microwave Filter Design, 

2016.
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4. Shown is a plot of a filter’s insertion loss and return loss.

5. This figure shows the input parameters for an interdigital filter.

6. The Elliptic program allows users to select from a range of elliptic 

filters.

W
hile this 

article 

focused on the Parfil 

and Elliptic software 

programs, the ProCap 

program also offers 

its own analysis 

capabilities.
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Microwave/RF Energy

R
ecently I wrote an editorial titled, “Will Today’s 

Microwave Oven Soon Be a Thing of the Past?” 

That piece discussed the possibility of micro-

wave ovens based on solid-state RF energy, 

which would essentially replace traditional magnetron-based 

microwave ovens. The potential benefit of healthier cooked 

food was specifically mentioned.

A few readers have since commented in regard to that edi-

torial. One specific question concerns exactly how solid-state 

RF energy can cook healthier food. Since not much detail was 

offered in that editorial piece, I thought it would be beneficial 

to write another article in an attempt to provide a better expla-

nation. This article will hopefully shed some light on the topic 

of solid-state RF energy.  

MEET THE SKEPTIC 

Of course, it is common that any new technology will lead 

to skepticism. Solid-state RF cooking can certainly fit that 

description, as some may seriously doubt the legitimacy 

of microwave ovens based on solid-state RF energy. One 

question could simply be this: How can solid-state cooking help  

to enable healthier eating? Let’s try to answer that question. 

As mentioned in the previous editorial, MACOM 

(www.macom.com) is one company that is at the forefront of 

solid-state RF energy (see figure). Mark Murphy is currently the 

company’s senior director, RF power. He says, “Anytime food 

is heated, its nutrients and state can be degraded if the cooking 

process is not controlled properly. That is why precise temper-

ature control is so important for healthier cooking. Microwave 

ovens that leverage solid-state power amplifiers are superior to 

conventional magnetron-based microwave ovens in that they 

enable far greater precision and control of the directed energy, 

which helps to preserve the nutritional integrity of the food.”

Although magnetron-based microwave ovens have been 

used for many years, Murphy can plainly state their shortcom-

ings. He explains, “Magnetron-based microwave ovens aren’t 

equipped to measure and adapt to energy that’s absorbed by 

or reflected from the food into the cavity as it cooks. They 

instead deliver open-loop, crudely-averaged heating that’s 

assisted by a rotating turntable at the base of the cavity. This 

imprecise energy delivery often results in overcooking and 

hot spots that can lower the food’s nutritional value.”

Murphy continues, “By using multiple solid-state power 

amplifiers and antennas with closed-loop feedback to adjust 

for precise energy absorption, the energy can be directed 

with greater precision to exactly where it’s needed and in a 

controlled way that ensures optimal temperature control. 

Rather than relying on moisture sensors that measure humid-

ity in the cooking cavity—an indirect mode of measurement 

that’s sometimes implemented in modern magnetron-based 

microwave ovens—solid-state microwave ovens measure the 

properties of the food itself while it cooks and adapt accord-

ingly. This promotes the retention of the nutrients, moisture, 

and flavors of the food.”

ECONOMICS OF SOLID-STATE MICROWAVE OVENS 

Another possible question concerning solid-state RF cook-

ing is with regard to its economic viability. In other words, will 

solid-state microwave ovens be economical for the commer-

cial market? According to Murphy, the short answer is yes. 

He states, “The adoption of solid-state microwave ovens will 

commence in the industrial and commercial cooking market, 

where the value that these systems provide will be well worth 

How can solid-state RF energy impact the 

microwave oven?  This article attempts to 

answer that question.

Will Today’s Microwave 
Oven Soon be a Thing 
of the Past, Part 2? 

CHRIS DeMARTINO | Technical Editor
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the modest increase in cost. Customers will gain significant 

advantages centric to system reliability, food processing speed, 

and throughput.” 

Murphy believes that reliability is a major benefit of sol-

id-state RF cooking. He notes, “With regard to system reliabil-

ity, solid-state RF transistors can provide 10X longer lifespans 

that magnetrons—this is a major benefit in 24/7 production 

environments where frequent magnetron failures can slow 

production and require numerous expensive service calls. By 

eliminating the rotating platters common to magnetron-based 

microwave ovens, system reliability is further increased due to 

the reduction of mechanical moving parts, which are a com-

mon point of failure.”

Greater reliability is not the only benefit of solid-state RF 

cooking, according to Murphy. He adds, “Food processing 

speed and throughput are increased due to solid-state micro-

wave ovens’ ability to heat and cook food much faster than 

magnetron-based systems, owing to the rapid energy transfer 

enabled by RF power. Solid-state RF technology is particularly 

valuable for food defrosting processes, enabling food to be 

defrosted much faster and more evenly than it can today with-

out drying or damaging the food.”

To sum it all up, Murphy does indeed believe that micro-

wave ovens based on solid-state RF energy will eventually find 

their way into homes. He says, “With continued innovation 

in solid-state GaN based RF technology and cost structure 

improvements, this technology will eventually migrate to con-

sumer kitchens, and in so doing will change our perceptions 

of the modern microwave oven. Its value will evolve from that 

of a simple heating device, to a device that’s capable of cost-ef-

fectively cooking healthier, multi-course meals with unprece-

dented efficiency. In a way, this evolution will do for cooking 

what the smartphone did for the way we use our cell phones.”

In summary, this article hopefully answered some questions 

that one may have concerning the possibility of cooking based 

on solid-state RF energy. Some interesting points were made 

in an attempt to validate this technology. While everyone still 

may not be convinced, one thing can be said: it will be interest-

ing to see how solid-state RF cooking unfolds in the future. 

This microwave oven based on solid-state RF technology was  

demonstrated at IMS 2017.
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Product Feature
CHRIS DeMARTINO | Technical Editor

T
oday’s products, such as smartphones, have 

become smaller and thinner while still offer-

ing multi-functional performance. 

One example of multi-function-

al capability is a product that contains both 

near-field communications (NFC) and wire-

less charging technology. Thus, it is even more 

essential that noise is adequately suppressed in 

today’s electronic products. One method of sup-

pressing noise is by using magnetic sheets.

TDK Corp. is one company that offers magnet-

ic sheets for noise suppression. The company recently 

expanded its Flexield series by introducing the new 

IFM10M noise suppression sheets, which can be used in 

a number of products (see figure). According to Harvey 

Espinoza, director of product marketing, communications 

devices business group at TDK Corporation of America, 

“The magnetic sheets are used in various types of electronic 

devices, such as smartphones, tablets, notebooks, stylus 

pens, point-of-sale (POS) systems, and industrial terminals.”

The IFM10M magnetic sheets feature a laminated design, 

consisting of a magnetic layer and a copper-plated layer. 

With a total thickness of 0.04 mm, the new IFM10M sheets 

are 60% thinner than existing magnetic sheets with a similar 

magnetic layer thickness, according to the company. Fur-

thermore, the new sheets cover a frequency range of 500 kHz 

to 10 GHz. The dimensions are 300 × 200 mm. In addition, 

the IFM10M magnetic sheets operate over a temperature 

range of -40 to +85°C.

The thin size of the IFM10M noise suppression sheets 

allows them to be well suited for slim products, such as 

smartphones, tablets, notebooks, and stylus pens. Essen-

tially, the sheets are well equipped to be installed in dense 

environments. According to Espinoza, “As electronic 

devices become more compact, thinner, and multi-func-

tional (NFC, wireless charging), electronic components 

are increasingly being mounted in higher densities. This 

increased density can lead to noise emissions from the inte-

grated circuits (ICs), components, and cables interfering 

with other systems within the electronic device.

“In smartphones, the magnetic sheets have been used 

on power coils, systems-on-a-chip (SoCs), and have been 

attached at the surface of flexible cables,” Espinoza con-

tinues. “They can be used between printed circuit boards 

(PCBs) to reduce the effect of noise emissions from one PCB 

to another.” 

The new magnetic sheets offer several benefits, says Espi-

noza, noting that “the noise-absorbing properties of mag-

netic sheets can reduce the impact of radiated noise when 

applied to the radiating sources. The sheets can also be 

applied to components/circuits that are vulnerable to noise 

emissions to reduce the potential impact.” 

In addition, the IFM10M sheets are flexible, meaning they 

can be cut to the desired size and shape and installed in very 

small gaps. Lastly, the company asserts that the magnetic sheets 

improve receiver sensitivity for stylus input devices that utilize 

inductive coupling and also improve radio-frequency identifi-

cation (RFID) performance on metal surfaces. 

TDK CORP., www.global.tdk.com

These new magnetic sheets can be incorporated into the design of today’s products, 

such as smartphones, tablets, and notebooks, to defeat noise problems.

New Magnetic Sheets 
Silence the Noise

This new magnetic sheet can suppress noise over a  

frequency range of 500 kHz to 10 GHz.
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New Products

Power Splitters/Combiners Go 4 and 8 Ways to 40 GHz

MODELS ZN4PD-44+ and ZN8PD-K44+ are power splitters/combiners each rated 

for 20 W input power as splitters from 10 to 40 GHz. The four-way ZN4PD-44+has 

typical insertion loss of 1.5 dB (above theoretical 6-dB splitting loss) and typical 

isolation between ports of 22 dB. The maximum VSWR at all ports is 1.35:1. The 

four-way splitter/combiner has typical amplitude unbalance of 0.3 dB and 

typical phase unbalance of 6 deg., both across the full bandwidth. It is supplied 

in a rugged aluminum-alloy case measuring 2.06 × 1.50 × 0.50 in. with female 

2.92-mm coaxial connectors. The eight-way ZN8PD-44+ has typical full-band insertion loss of 2.5 dB (above theoretical 

9-dB splitting loss) and typical isolation between ports of 20 dB. It has typical amplitude and phase unbalance of 0.4 

dB and 8 deg., respectively, with maximum VSWR of 1.50:1 at all ports. It is supplied in an aluminum-alloy enclosure 

measuring 4.09 × 1.93 × 0.5 in. with 2.92-mm connectors. The RoHS-compliant power splitters/combiners serve 

applications in wideband communications links, satellite communications, 5G wireless networks, and test systems.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500, www.minicircuits.com

Stable VCO Tunes from 500 to 1,200 MHz

THE DCMO50120-5 is an octave-band voltage-controlled oscillator (VCO) with tunable frequency range of 500 to 

1200 MHz. It changes frequency by means of a 24-V tuning range with typical tuning sensitivity of 25 to 50 MHz/V. The 

oscillator delivers at least +7 dBm output power across the full frequency range with typical phase noise of −102 dBc/

Hz offset 10 kHz from the carrier and −121 dBc/Hz offset 100 kHz from the carrier. Harmonic suppression is typically −15 

dBc. The VCO draws 40 mA current from a +5-V dc supply. It is housed in a RoHS-compliant surface-mount package 

measuring 0.5 × 0.5 × 0.180 in. and is designed for operating frequencies from −40 to +85ºC.

SYNERGY MICROWAVE CORP., 201 McLean Blvd., Paterson, NJ 07504; (973) 881-8800, www.synergymwave.com  

Long-Range Sensors Link with LoRaWAN and BLE

THE RS1XX series of battery-powered, long-range integrated sensors combine 

the benefi ts of LoRaWAN and Bluetooth Low Energy (BLE). Members of the LORA 

family of sensors, the RS1xx series sensors offer LoRaWAN options at 868 and 915 

MHz along with BLE for local data display, confi guration, and troubleshooting. The 

integrated sensors are based on proven silicon devices from Semtech and Nordic 

Semiconductor and provide a LoRa range to 10 miles with 2.4-GHz connectivity. 

The RS1xx series sensors work with the company’s RG1xx series of LoRa/multi-

wireless gateways for simple integration with electronic devices in need of wireless 

connectivity. 

LAIRD, 3481 Rider Trail S., Earth City, MO 63045; (636) 898-6000, www.lairdtech.com  

VCOs Generate 10 to 4350 MHz

A SERIES OF 16 voltage-controlled oscillators (VCOs) provides total frequency coverage 

of 10 to 4350 MHz. Suitable for military and commercial communications and test 

applications, the oscillatorsoperate on tuning voltages from +0.5 to +20 V dc and supply 

voltages from +5 to +15 V dc and provide output levels from +4 to +12 dBm. Second 

harmonics are suppressed to −25 dBc and phase noise is as low as −120 dBc/Hz offset 

10 kHz from the carrier. The RoHS-compliant VCOs are supplied in 0.5 × 0.5 in. hermetic 

housings that meet MIL-STD-883 and MIL-STD-202 environmental test conditions for shock, 

vibration, and temperature cycling. 

FAIRVIEW MICROWAVE, 1130 Junction Dr., Ste. 100, Allen, TX 75013; (972) 649-6678, 

www.fairviewmicrowave.com   
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New Products

Cavity Bandpass Filter Passes 2016.5-MHz Wi-Fi

THE AB2016B617 Wi-Fi cavity bandpass fi lter offers a 12-MHz bandwidth centered at 2016.5 MHz. The 50-Ω fi lter has 

a maximum 50-dB bandwidth of 30 MHz. The passband insertion loss is 2.5 dB, with maximum passband amplitude 

ripple of 0.5 dB. The passband return loss is greater than 14 dB. The bandpass fi lter, which exhibits 1.50:1 input and 

output VSWR, handles input power levels to 25 W. It measures 10.07 × 1.5 × 0.76 in. and is supplied with female SMA 

connectors. It has an operating temperature range of −45 to +85ºC.

ANATECH ELECTRONICS, INC., 70 Outwater Ln., Garfi eld, NJ 07026; (973) 772-4242, www.anatechelectronics.com  

Quadrature Mixer Converts 33 to 50 GHz 

THE SFQ-33350313-2F2FSF-F2 Q-band quadrature mixer provides frequency transla-

tion of RF and LO signals from 33 to 50 GHz, using a DC-coupled IF range. The typical 

LO-to-RF isolation is 25 dB. The conversion loss for in-phase (I) and quadrature (Q) 

IF signals is typically 13 dB when operating with LO source power of +17 dBm. The 

mixer can be confi gured as an image-rejection mixer or single-sideband (SSB) 

modulator by adding an IF quadrature coupler. 

SAGE MILLIMETER, INC., 3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, 

www.sagemillimeter.com   

Coupler Directs 0.38 to 2.7 GHz

MODEL 1CN3827-05 is a single directional coupler for use from 

380 MHz to 2.7 GHz. It provides 5-dB nominal coupling and 

20-dB typical directivity. It is part of the 1CN3827-DB series of 

couplers with coupling values of 5 to 30 dB. The low-PIM, 5-dB 

coupler measures 5.8 × 2.0 × 1.0 in. and can be supplied with 

Type N or SMA female connectors.

WERBEL MICROWAVE LLC, 622 Rte. 10 W., Unit 9, Whippany, NJ 

07981; (973) 515-3001, www.werbelmicrowave.com 

Compact Panel Antenna Fits 2.4-GHz Wi-Fi Designs

THE 1011-005 small-form-factor panel antenna from Southwest 

Antenna is now available from stocking distributor RFMW Ltd. 

The antenna operates from 2.4 to 2.5 GHz and is only 0.5 in. 

thick. It is designed for IEEE 802.11g/n Wi-Fi and unlicensed 

ISM-band applications and can be integrated into electronic 

designs or used as a standalone solution. It features a UV-

resistant and weather-sealed Kydex radome for indoor or outdoor use. The antenna provides 6.5-dBi gain and can 

handle 10 W power. It is supplied with 12 in. of RG-58 RF cable terminated with a female SMA female connector. 

RFMW, LTD. (SOUTHWEST ANTENNA STOCKING DISTRIBUTOR), 188 Martinvale Ave., San Jose, CA 95119; (408) 414-1450, 

e-mail: info@rfmw.com, www.rfmw.com    

Stub Antenna Connects UAVs in ISM Band 

THE SA-900-930 stub antenna is optimized for unmanned aerial vehicle (UAV) applications in the 900-MHz 

ISM band. It measures just 2.65 × 0.52 × 0.43 in. and weighs just 0.35 oz. and provides 2 dBi gain at 915 

MHz. The antenna operates with vertical polarization and exhibits less than 2.50:1 VSWR. Usable over the 

frequency range of 902 to 928 MHz, the stub antenna is supplied with a make SMA coaxial connector. 

PHARAD LLC, Octane Div., 1340 Charwood Rd., Ste. L, Hanover, MD 21076; (410) 590-3333,

www.pharad.com  

3043 Kashiwa St., Torrance, CA 90505; (424) 757-0168, 
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New Products

Digitizing Module Serves Wide-Channel-Count Systems

THE XA-RX is an XMC input/output (I/O) module featuring eight 

16-b, 125-MSamples/s analog-to-digital-converter (ADC) channels 

and an Artix-7 feld-programmable gate array (FPGA) designed 

for wide-channel-count communications and instrumentation 

applications. It is capable of independent real-time signal process-

ing on each analog input channel.  The digital-signal-processing 

(DSP) functionality can be customized using VHDLor Simulink via an 

optional FrameWork toolset. The four-lane, PCI Express 2.0 interface 

supports continuous data streaming at 1600 MB/s, and multiple 

modules can be synchronized for large meshes. 

INNOVATIVE INTEGRATION, A MOLEX CO., 741 Flynn Rd., Camarillo, CA 93012; (805) 383-8994, www.innovative-dsp.com 

Miniature Limiter Handles 100-W Power 

FULL DESIGN support for the UltraCMOS PE45361 limiter from Peregrine Semi-

conductor is now available from Richardson RFPD. The limiter, which can be 

used from 10 MHz to 6 GHz, handles as much as 100-W (+50-dBm) pulsed 

input power with better than 1-ns response time. Insertion loss is 0.95 dB. The 

low-power limiting threshold can be set from +7 to +13 dBm using positive 

threshold control voltage from 0 to +0.3 V dc. The compact limiter is supplied 

in a 12-lead 3 × 3 × 0.5 mm QFN package. 

RICHARDSON RFPD, 1950 S. Batavia Ave., Ste. 100, Geneva, IL 60134; (630) 262-

6800,  www.richardsonrfpd.com   

Amplifer Helps Broadcast COFDM Digital Video

THE TA1029 power amplifer is designed for broadcast applications 

from 6.4 to 7.1 GHz with coded-orthogonal-frequency-division-

multiplex (COFDM) digital video signals. Based on GaN 

semiconductor technology, the amplifer achieves saturated output 

power of +44 dBm with typical gain of 58 dB. It boosts COFDM video 

signals while maintaining adjacent-channel power ratio of −30 dBc. The 

amplifer operates from a supply of +9 to +36 V dc and is supplied in a compact 

housing measuring 6.0 × 2.5 × 1.06 in.   

TRIAD RF SYSTEMS, 11 Harts Lane, Ste. 1, E. Brunswick, NJ 08816; (855) 558-1001, www.triadrf.com  

TCXOs Offer CMOS, Sine-Wave Outputs to 125 MHz

THE T1265 and T1266 Series temperature-compensated crystal oscillators 

(TCXOs) are available with square-wave CMOS (T1265) or sine-wave 

(T1266) outputs from 50 to 125 MHz. The oscillators feature low noise foors 

of −165 dBc/Hz and outstanding stability with temperature of ±0.5 ppm. 

The oscillators are supplied in low-profle 17.3-mm2 housings and can 

operate on +3.3 or +5.0 V dc supplies. They are suitable for use as frequency 

reference sources in test equipment, mobile communications systems, and 

wireless base stations.  

GREENRAY INDUSTRIES, INC., 840 W. Church Rd., Mechanicsburg, PA 17055; (717) 766-0223,www.greenrayindustries.com   
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SPOTLIGHTSPOTLIGHTSPOTLIGHT
Product

25-W Class AB Amplifi er 
Powers 20 to 2700 MHz

M
ini-Circuits’ ZHL-25W-272+ 
is a Class AB linear high-

power amplif er capable of 
25 W saturated output power 
from 20 to 2700 MHz. Suitable 
for commercial and military communications, radar, and test 
applications, the RoHS-compliant amplif er provides 50-dB gain 
with ±1 dB gain f atness across the frequency range. It delivers 
+40 dBm output power at 1-dB compression (P1dB) with+44 
dBm saturated output power; the third-order intercept point (IP3) 
is typically +49 dBm. It is supplied in an aluminum-alloy case 
measuring 5.6 × 8.8 × 1.2 in. with female SMA connectors and 
available with an optional heat sink and fan. It draws 3.5 A from 
a +28-VDC supply. The rugged amplif er features built-in self-
protection against reverse polarity, overdrive, and overheating, and 
can deliver 15 W output power even while withstanding output 
short- and open-circuit operating conditions. 

Ultrawideband 
Class A Linear
Amplifi er Powers 
0.5 to 18.0 GHz

M
ini-Circuits’ model 
ZVA-183G+ is 

a four-stage, Class A 
linear amplif er that is 
unconditionally stable 
from 0.5 to 18.0 GHz. It provides as much as 0.5 W output power 
(+27 dBm) with 27-dB typical gain and ±2-dB typical gain f atness 
across the full bandwidth. The RoHS-compliant amplif er typically 
draws 700 mA from a +15-VDC supply. It features a typical output 
third-order-intercept point (IP3) of +36 dBm and low noise f gure 
of typically 3 dB. The amplif er is supplied in a rugged housing 
measuring 4.18 × 3.36 × 3.57 in. with female SMA connectors 
and is available with an optional heatsink.  

Six-Way Splitter/Combiner
Spans 2 to 18 GHz

M
ini-Circuits’ model 
ZN6PD-02183+is a DC-

pass, six-way power splitter/
combiner with wide frequency 
range of 2 to 18 GHz. It is 
capable of handling as much 
as 25 W input power as a splitter. Insertion loss is typically only 
1.4 dB (above the theoretical 7.8-dB splitting loss) across the full 
frequency range with typical VSWR of 1.50:1 at the sum port and 
1.35:1 at all other ports. Isolation between channels is typically 
22 dB. The six-way power splitter/combiner features typical full-
band amplitude unbalance of 0.4 dB and typical phase unbalance 
of 6 deg. The RoHS-compliant splitter/combiner is supplied in an 
aluminum-alloy case measuring 4.0 × 6.0 × 0.38 in. with female 
SMA connectors.

Monolithic 75-Ω Amp
Boosts 5 to 300 MHz

M
ini-Circuits’ model PGA-32-75+ is 
a wideband, wide-dynamic-range 

monolithic 75-Ω amplif er based on 
E-PHEMT technology. With a bandwidth 
of 5 to 300 MHz, it is well suited for 
cable-television (CATV) applications 
including DOCSIS 3.1 upstream path. 
Typical gain at +9 VDC ranges from 15.8 dB at 5 MHz to 15.4 dB 
at 300 MHz. Typical output power at 1-dB compression (P1dB) 
ranges from +20.4 dBm at 5 MHz to +23.6 dBm at 300 MHz. 
The RoHS-compliant amplif er achieves a wide dynamic range by 
merit of a low 2.9-dB noise f gure at 100 MHz, a typical output 
IP3 of +43.3 dBm at 100 MHz, and typical IP2 of +58.1 dBm at 
100 MHz. The amplif er is supplied in a thermally stable SOT-89 
package. 

Variable Attenuator Provides
0.1-dB Step Size to 3 GHz

M
ini-Circuits’ model ZVVA-3000 is 
a 50-Ω variable attenuator with 

adjustable 0.1-dB-resolution attenuation 
via USB or RS-232 control (with 9-pin 
D-Sub connector). It covers 20 MHz to 3 GHz with 50-dB maximum 
attenuation to 500 MHz, 33-dB maximum attenuation to 1500 
MHz, and 25-dB maximum attenuation to 3000 MHz. Attenuation 
f atness is typically ±1.6 dB or better and attenuation accuracy 
is typically ±0.7 dB. Insertion loss (above attenuation setting) is 
typically 2.8 dB to 500 MHz, 3.5 dB to 2500 MHz, and 4.0 dB 
to 3000 MHz. The RoHS attenuator exhibits 0-dB glitches when 
changing attenuation settings, ideal for ATE applications. It is 
provided with a 2.6-ft. USB type A (male) to USB type Mini-B 
(male) cable, and GUI software is available for free download from 
the Mini-Circuits’ website. 

MMIC Quadrature Power 
Splitter/Combiner Covers 7.0 to 12.5 GHz

M
ini-Circuits’ EPQ-133+ is a two-way, 90-deg., MMIC surface-
mount power splitter/combiner with frequency range of 7.0 

to 12.5 GHz. It handles as much as +32 dBm input power as a 
splitter in a tiny MCLP package measuring 0.157 × 0.157 × 0.039 
in. (4 × 4 × 1 mm). Insertion loss is typically 0.7 dB from 7 to 11 
GHz and typically 0.8 dB from 11.0 to 12.5 GHz. Isolation between 
ports is typically 19 dB from 7 to 10 GHz and better than 16 dB 
from 10.0 to 12.5 GHz. The tiny power splitter/combiner exhibits 
typical input VSWR of 1.70:1 or better and typical output VSWR of 
1.40:1 or better. The amplitude and phase unbalance are typically 
better than 0.8 dB and 3.3 deg., respectively. The power splitter/
combiner is designed for operating temperatures from -45 to 
+85ºC. 

http://www.minicircuits.com
http://mwrf.com
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3300 µH and current ratings up to 20 Amps. 

Get the skinny on 

all our low-profle power  

inductors, including the 

new ultra-low loss XEL4012 

Series with low inductance values 

that have been fully optimized for high  

frequency applications over 5 MHz. 

Visit coilcraft.com/lowprofle today!

In fact, we offer hundreds of low-profle options  
under 1.2 mm high, so fnding the perfect part is no tall order! 

WWW.COILCRAFT.COM

®

Let’s face it, thin is in. From smart phones 

and wearables to all types of portable devices, 

there is constant pressure to pack more per-

formance into the thinnest package possible.

To help, we continue to expand our line 

of mini, low-profle power inductors with  

footprints as small as 1.14 x 0.635 mm and 

maximum heights as low as 0.50 mm! 

Select inductance values from 0.018 to 

When it comes to power inductors,
we’re spreading things a little thin

(actual height)

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



