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C
hris DeMartino directed 

Microwaves & RF for many 

years and he left some big 

shoes to fill. Well, I am 

happy to say that we have found some-

one to step in as Editor of Microwaves 
& RF and he may be familiar to many of 

you who also read our sister publication, 

Electronic Design. 

I would like to welcome David Malin-

iak (see figure below) back to our group 

as editor of Microwaves & RF. David 

will be helming the editorial page of 

the print edition and writing articles for 

the magazine and website. He will be 

managing contributed articles as well, so 

keep those coming. 

David has had a long career in the B2B 

electronics-industry media as both gen-

eralist and specialist. He started as Com-

ponents Editor for EE Product News, a 

product tabloid that was once part of 

our group, eventually becoming Editor 

in Chief. EE Product News coverage was 

later merged with Electronic Design. 

At Electronic Design, David covered 

EDA as well as test and measurement as 

a Technology Editor, developing deep 

insight into those complex areas of tech-

nology. I worked with David for many 

years at Electronic Design until he moved 

into technical marketing communica-

tions for Teledyne LeCroy. 

David earned a B.A. in journalism at 

New York University, but has garnered 

extensive technical background cov-

ering everything from components to 

advanced EDA tools, wireless technol-

ogy, and test-and-measurement prod-

ucts like oscilloscopes, logic analyzers, 

and other test equipment. He brings a 

breadth of experience in covering tech-

nology that’s central to Microwaves & 
RF. 

You will be seeing David at various 

technology trade shows and technical 

conferences to bring you coverage of the 

latest trends and new products. You can 

also contact him if you want to contrib-

ute articles to Microwaves & RF.  

Editorial
WILLIAM WONG | Senior Technology Editor

Veteran 
Editor Joins 
Microwaves 
& RF

David Maliniak, former technology editor with 
Electronic Design, joins Microwaves & RF as the new 
editor. 

David Maliniak

5GO TO MWRF.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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5G: How Much is Real vs. 
Marketing?  
Is 5G ready for prime time? Breaking down the marketing 

hype versus what’s really going on in the industry.

https://www.mwrf.com/technologies/systems/
article/21119441/5g-how-much-is-real-vs-marketing

EMI Suppression Shields: 
Understanding the Basics
With so many diff erent magnetic materials to choose from, 

one must discern the frequencies and noise levels where 

EMI problems are prevalent and deduce how the materials’ 

parameters can impact noise suppression to comply with 

regulatory limits.

https://www.mwrf.com/materials/article/21119915/emi-
suppression-shields-understanding-the-basics

Classifying Radar Micro-
Doppler Signatures  
Th is “Algorithms to Antenna” blog reveals how to classify 

pedestrians and bicyclists based on their micro-Doppler 

characteristics using a deep-learning network and time-

frequency analysis.

https://www.mwrf.com/technologies/systems/article/21120548/
algorithms-to-antenna-classifying-radar-microdoppler-
signatures

8 FEBRUARY 2020   MICROWAVES & RF

A New Approach to Over-the-
Air Production Test
Noise sources and peak power meters are the key ingredients 

in a novel over-the-air test methodology that’s faster and more 

cost-eff ective than current techniques.

https://www.mwrf.com/technologies/test-measurement/
article/21850054/a-new-approach-to-overtheair-production-
test

https://www.mwrf.com/technologies/systems/article/21119441/5g-how-much-is-real-vs-marketing
https://www.mwrf.com/technologies/test-measurement/article/21850054/a-new-approach-to-overtheair-production-test
https://www.mwrf.com/materials/article/21119915/emi-suppression-shields-understanding-the-basics
https://www.mwrf.com/technologies/systems/article/21120548/algorithms-to-antenna-classifying-radar-microdoppler-signatures
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Qualcomm introduced its lat-

est integrated chip for adding 

Bluetooth and Wi-Fi to mid-range cars at 

the recent Consumer Electronics Show, 

as the car of the future becomes one of 

the major battlegrounds in the global 

chip business. The new chip supports 

Wi-Fi 5 and the latest generation of Blue-

tooth 5 and expands Qualcomm’s lineup 

of wireless connectivity products to “vir-

tually all vehicle classes.”

Qualcomm said the QCA6595AU 

is more advanced than current Wi-Fi 

5 chips sold to car manufacturers and 

that it can offer data transfer speeds 

of up to 1 Gb/s. The chip can be used 

to support 5-GHz Wi-Fi throughout 

the car while also connecting 2.4-GHz 

Wi-Fi and Bluetooth 5.1 devices to the 

digital dashboard, including voice and 

audio over wireless headphones and 

speakers. Qualcomm will start selling 

the new chip to car manufacturers in 

late 2020.

The chip is designed to shoot sig-

nals over both the 5-GHz and 2.4-GHz 

bands, offering faster data speeds so that 

drivers can connect smartphone apps 

or transfer video to the dashboard. The 

28-nm networking chip, which can con-

nect up to 32 Wi-Fi devices throughout 

the car, also supports Bluetooth 5.1 and 

Qualcomm’s aptX Adaptive technology 

for cleaner, crisper audio and voice. It 

can withstand temperatures ranging 

from −40 to +85°C.

It also complements the other Wi-

Fi and Bluetooth chips it sells to car 

manufacturers. Last year, Qualcomm 

introduced its integrated Wi-Fi 6 chip 

for cars, the QCA6696, which can offer 

data transfers of up to 1.8 Gb/s. The chip 

should start shipping in cars in 2021, the 

company said. On the other end of the 

product line is the QCA6574AU, which 

can support data speeds of up to 870 

Mb/s and uses the legacy Wi-Fi 5 and 

Bluetooth 5 standards.

10 FEBRUARY 2020   MICROWAVES & RF

Qualcomm Wades into Battleground
WITH NEW WI-FI CHIPS FOR CARS
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Qualcomm, one of the major design-

ers of chips used in smartphones, has 

been trying to carve out more market 

share in cars since its $44 billion bid for 

NXP Semiconductors fell through in 

2018. The company has long been one 

of the top vendors of Wi-Fi, Bluetooth, 

and other chips used in the dashboard 

electronics as well as baseband modems 

that connect the car to the cloud over 

cellular networks.

On top of the new Wi-Fi and Blue-

tooth chip, Qualcomm introduced its 

Cloud-to-Car service at CES 2020, so 

that manufacturers can securely and 

safely upgrade the car’s programming 

from the cloud. It rolled out blueprints 

for building short-range radio technol-

ogy into cars so that they can chat with 

each other and infrastructure like stop 

lights and road signs, alerting drivers to 

potential collisions and other dangers 

on the road ahead.

The cellular vehicle-to-everything 

(C-V2X) standard can be used to 

broadcast data on the car’s location, 

speed, direction, and acceleration 

to other cars equipped with C-V2X. 

Drivers can be alerted when other cars 

are slamming on the brakes, running 

through red lights and stop signs, slow-

ing down for construction, speeding 

around corners, or swerving on slip-

pery road surfaces. The C-V2X stan-

dard delivers 360-degree coverage of 

the car’s surroundings. 

BUILDING CUSTOM CHIPS Just Got Easier

ZGLUE’S 2.5D CHIPLET Smart Fabric plat-
form (Fig. 1) builds chips out of chiplets 
that are connected with a silicon inter-
poser layer, very similar to a chip-based 
printed circuit board. The chiplets are 
functional blocks like processors and 
peripherals typically found in a custom 
chip or in discrete components. A zGlue-
based chip has the advantages of tight 
integration, small packaging, and power 
efficiency of an ASIC, but with signifi-

cantly less cost. This makes it practical 
for smaller runs as well as creating more 
customized solutions quickly.

ChipBuilder Pro (Fig. 2) was on dis-
play at last month’s Consumer Electronics 
Show, where the product was a CES 2020 
Innovation Awards Honoree. The visual 
zGlue Integrated Platform (ZIP) allows 
developers to select from 1500 chiplets 
to include in their designs. This includes 
chiplets like Cypress Semiconductor’s 

1. zGlue’s Smart Fabric silicon interposer technology allows chiplets to be mounted within a 

chip to deliver compact, custom chips. 
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PSoC and Wi-Fi chiplets. Custom chiplets 
can be added to the list by working with 
zGlue. The zGlue ChipletStore also has 60 

Quickstart Templates. The software pro-
vides design and release management 
plus versioning support. 

zGlue sells the ChipBuilder Pro and 
provides the ChipBuilder 3.0 Commu-
nity Edition for free. ChipBuilder Pro has 
a yearly subscription price of $25,000 
that includes 10 chips of one new design 
every year.  An additional 100 chips run 
$25,000.

The yearly subscription includes 40 
hours of engineering support as well 
as parasitic net extraction and system 
verification. Security features include 
IP protection and visibility into account 
activity. This approach also supports sys-
tem reconfiguration during the hardware 
debug process. As a result, developers 
can fix bugs without the need for remanu-
facturing.  2. ChipBuilder Pro provides an easy-to-use, visual interface for designing with chiplets. 

E-FUSE FAMILY ADDS FEATURES, Functionality to Basic  
Fuse Role
ELECTRONIC FUSES CAN do much more 
than just provide basic overcurrent pro-
tection, as evidenced by the features and 
functions of the Toshiba TCKE8xx family.

The traditional thermally activated   
overcurrent-protection “sacrificial” fuse 
does one thing and does it well, which 
is both its strength and weakness. Elec-
tronic fuses (commonly referred to as 
e-fuses or efuses) are increasingly chal-
lenging these venerable fuses due to the 
flexibility and features they offer, providing 
performance and operational advantages 
across many applications.

Toshiba Electr ic has entered the 
e-fuse market with a family of six devices 
featuring highly accurate overcurrent 
l imi t ,  overvo l tage protect ion,  and 
overtemperature protection, in addition 
to short-circuit protection. Compared to 
polymeric positive temperature coefficient 
(PPTC) devices that are also resettable, 
they react much faster, can be reset 
directly via an external logic signal, and 
retain their low on-resistance even after 
multiple trip events.

The members of the TCKE8xx series 
come in three categories: no overvolt-

age VOVC protection, 5 V (VOVC = 6.04 V), 
and 12 V (VOVC = 15.1 V); each category 
is offered in both auto-retry or latched 
options after a fault event. The status of 
the latch type is determined by applica-
tion of an external signal, while the auto-
retry is capable of re-enabling its output 
automatically. The fast-trip comparator 
can switch off the output typically within 

150 ns, far faster than a fusible link and a 
better fit with the needs of sensitive elec-
tronics.

Functions available with these e-fuses 
include:

• Quick short-circuit protection: The 
ultra-high-speed short-circuit pro-
tection technique provides basic 
role.

Beyond the many integrated functions of the Toshiba TCKE8xx series of e-fuses, they can 

implement reverse-current blocking protection with the addition of a suitable external 

MOSFET.
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E
lectronic fuses (commonly referred to as e-fuses or efuses) 
are increasingly challenging these venerable fuses due to the 

flexibility and features they offer, providing performance and operational 
advantages across many applications.

• High-precision overcurrent protec-
tion: User-set via external resis-
tors.

• High-precision overvoltage clamp 
function: Prevents excessive voltage 
from being applied to the load ICs 
by clamping the outputs for instanta-
neous voltage increases.

• Ability to suppress inrush current: 
An external capacitor can be added 
to reduce inrush current by setting 
a turn-on slew-rate at the output as 
desired.

• Thermal shutdown function and 
recovery operation: If a fault con-
dition persists for a long time such 
that the IC temperature exceeds the 
set temperature, the IC goes to a 
standby state to shut off the output 
and prevent the output from being 
damaged by the thermal shutdown 
function.

Furthermore, an external N-channel 
MOSFET can be added for reverse-cur-
rent blocking protection, often mandated 
in automotive and other applications (see 
figure on page 14).  

These e-fuses are housed in 3.00- × 
3.00-mm, 0.75-mm-high WSON10B 
packages, with typical RON of just 28 
mΩ and an overcurrent limit accuracy of 
±11% over the −40 to +85°C range. Input 
voltages of 4.4 to 18.0 V are supported 
and output currents can be as high as 
5.0 A. Their certification to IEC 62368-
1 eases the path to certification testing 
and approval of the overall product. 
More information on the Toshiba Electric 
TCKE8xx series is available at https://
toshiba.semicon-storage.com/ap-en/
product/linear/power-supply/efuse-ics.
html.  

https://toshiba.semicon-storage.com/ap-en/product/linear/power-supply-efuse-ics.html
https://toshiba.semicon-storage.com/ap-en/product/linear/power-supply-efuse-ics.html
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M
obile telecommu-

nications carriers 

around the world 

have proclaimed 

5G cellular wireless networks as the next 

major step in communications technol-

ogy. They will do what cellular network 

generations before them could not, 

operating at frequencies and data rates 

never possible. They will serve billions 

of users worldwide (if not just in China) 

and provide the bandwidth required for 

a future filled with Internet of Things 

(IoT) devices for smart homes, smart 

factories, and smart cities, as well as the 

near-zero-latency signals for autono-

mous vehicles on smart highways.

The future of 5G certainly looks 

bright but what about the present? The 

hyperbole about 5G New Radio (NR) 

networks and technology is enormous, 

but how close is it to becoming reality?

The primary need for 5G is additional 

wireless capacity: it will provide service 

for more cell phones and other wireless 

devices. The global demand for wireless 

devices and services continuous to grow, 

eclipsing the capacities of the first four 

cellular generations. 5G will add capac-

ity along with enhanced performance 

in support of emerging applications 

powered by IoT devices. Its extended 

frequencies, bandwidths, and associated 

technologies are not meant to replace 

earlier cellular wireless network gen-

erations, such as 3G and 4G Long Term 

Evolution (LTE), but to work alongside 

them. 

FR1 AND FR2

While a great deal of the novelty asso-

ciated with 5G networks is their reach 

into millimeter-wave (mmWave) fre-

quencies, much of their operation will 

be performed within a frequency range 

that has come to be known as “FR1” 

for signals below 6 GHz, compared to 

higher-frequency signals (above 6 GHz) 

within a range known as “FR2.” More 

specifically, 5G networks are being 

designed for multilayer spectrum cover-

age, occupying licensed and unlicensed 

frequencies in three bands: low-band 

signals below 1 GHz, mid-band sig-

nals from 1 to 6 GHz, and high-band 

signals above 6 GHz at centimeter-

wave (cmWave) and millimeter-wave 

(mmWave) frequencies. 

Spectrum sharing will allow current 

wireless applications to coexist with 

low- and mid-band 5G network signals. 

As an example, China is experimenting 

with sharing frequency bands below 1 

GHz (470 to 806 MHz) between existing 

broadcast television systems and emerg-

ing 5G multimedia mobile communica-

Wireless carriers around the world are accelerating the buildup of 5G network 
infrastructure with major investments in spectrum, base stations, microcells, and 
hotspots.  

Surveying the Status of

5G Technology

JACK BROWNE | Technical Contributor

Technology Report

1. Aggressive infrastructure buildup in highly populated areas such as Beijing, China is 

making commercial 5G network service available. (Courtesy of Qualcomm)
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Status of 5G

tions applications. Depending on 4G/5G 

network configurations, some shared 

spectrum may even involve uplinked 

versions of sub-1-GHz signals within 

crowded spectrum to take advantage of 

available wireless connections at higher 

frequencies, such as from 3.3 to 3.8 GHz 

in Europe.  

Frequency spectrum around the 

world is being allocated and, in some 

cases, auctioned for use by 5G carriers. 

The costs of licensing frequencies and 

bandwidth can vary widely by region, 

from the FCC’s high-cost auctioning of 

frequencies according to its 5G Facilitate 

America’s Superiority in 5G Technology 

(5G FAST) plan, to China’s allocation of 

frequency bandwidth to its four govern-

ment-owned 5G carriers.

Spectrum auctions by the FCC in the 

U.S. include FR1 bands of 3.100 to 3.550 

GHz and 3.7 to 4.2 GHz, and FR2 bands 

of 27.50 to 28.35 GHz and 37 to 40 GHz. 

In contrast, in China, FR1 bands of 3.3 

to 3.6 GHz, 4.4 to 4.5 GHz, and 4.80 to 

4.99 GHz, and FR2 frequencies of 24.25 

to 27.50 GHz and 37.00 to 43.50 GHz 

are being deployed. And in Japan, 5G 

will operate within FR1 bands of 3.6 to 

4.2 GHz and 4.4 to 4.9 GHz, and FR2 

frequencies of 27.50 to 28.28 GHz. 

PROPER INFRASTRUCTURE

Standards for 5G performance and 

protocols—established by organizations 

such as the IEEE and Third Generation 

Partnership Project (3GPP) and its TS 

38.104 V15 specifications for 5G base 

stations—are essential for creating wire-

less networks and UE devices that will 

be compatible within a given operating 

region. In some locations, such as down-

town Beijing, China, 5G network infra-

structure has been deployed to investi-

gate the limits of higher-frequency 5G 

signals compared to earlier-generation 

cellular wireless networks (Fig. 1). 
Many carriers have been aggres-

sive in their claims of providing 5G 

network coverage, offering computer-

ized coverage maps that indicate avail-

ability by frequency. The use cases for 

5G coverage include enhanced mobile 

broadband (eMBB) applications like 

smartphones, massive machine-type 

communications (mMTC) such as in 

automated factories, and ultra-reliable 

low-latency communications (URLLC) 

such as in robotic surgery and vehicle-

to-vehicle (V2V) communications for 

autonomous vehicles. 

Infrastructure for 5G networks is 

being built “on top of ” earlier cellular 

wireless generations, with 5G base sta-

tions being added whenever possible 

to 3G and 4G installations as non-

standalone (NSA) 5G base stations. For 

voice and noncritical data applications, 

such installations can provide service by 

means of 3G or 4G networks, reserving 

5G at its highest frequencies for low-

latency, high-speed-data applications. 

Transfer of data at high rates requires 

large amounts of contiguous band-

width, which can be found with the lack 

of applications at 24 GHz and above. 

However, the higher path losses of those 

higher-frequency signals mean that they 

will not be as freely available in wireless 

networks without additional hardware 

and software assistance compared to 

lower-frequency signals.  

To fill holes in the signal cover-

age between NSA base stations using 

mmWave signals, smaller 5G stand-

alone (SA) base stations will be con-

structed. These will have much clos-

er spacing between them because of 

the high path losses for cmWave and 

mmWave signals. 

Both SA and NSA base stations will 

be important parts of 5G wireless net-

works. However, the two types of sites 

will have different functionality and 

capabilities requiring, for example, dif-

ferent test strategies to characterize 4G 

LTE equipment in NSA base stations 

compared to the higher-frequency 

transceivers in 5G NSA base stations. 

Due to the challenge of achieving cover-

age with mmWave signals, 5G networks 

will employ higher-frequency signals 

(and their support of high data rates) 

where they do the most good, such as in 

office buildings and heavily populated 

areas.

INVESTING IN 5G

With its higher frequencies and tech-

nologies to support their use, invest-

ment in 5G wireless networks is not 

trivial—it’s required the rapid growth 

of wireless users through 3G and 4G 

LTE networks. The adoption rate of 5G 

UE devices and services throughout the 

world is expected to quickly eclipse the 

rates at which customers took to 3G/4G 

devices and services. 

South Korea, the first country to 

commercialize 5G wireless networks 

and UE devices, already has over 2.5 

million 5G mobile broadband users. 

The South Korean government is very 

involved in the commercialization, 

subsidizing the sales of UE devices and 

cutting taxes on network infrastruc-

ture construction for service provid-

ers. That government feels 5G will have 

many vertical business branches that 

will boost its economy, such as autono-

mous driving in smart cities and digital 

wireless healthcare, and the technol-

T
he adoption rate of 5G UE devices and services throughout the 
world is expected to quickly eclipse the rates at which customers 

took to 3G/4G devices and services. 
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ogy is well worth its involvement and 

investment. 

Throughout the U.S., for example, 

5G service providers such as AT&T, 

Sprint Nextel, T-Mobile, and Verizon 

have made major investments in their 

wireless networks, adding frequen-

cies, capacity, and performance. AT&T, 

for example, quotes an investment of 

$145 billion in its wireless network over 

the past five years, while T-Mobile has 

invested over $30 billion in 5G network 

infrastructure that involves 25,000 new 

cell sites and towers. For all carriers and 

networks, performance will improve 

over time with the addition of band-

width at higher frequencies. Some offer 

“offshoots” of full-featured 5G technol-

ogy based on network availability, such 

as Verizon’s broadband internet Home 

5G Service. 

At present, 5G coverage in the U.S. 

is limited to select major cities and to 

performance levels that only begin to 

scratch the surface of 5G’s ultimate 

performance capabilities. As coverage 

extends to more rural areas, networks 

will evolve with functionality and 

services provided as needed. The 

networks support 5G smartphones 

from several major manufacturers, 

such as the Galaxy S10 5G phone from 

Samsung (Fig. 2). Within a 5G network, 

it’s capable of the fast upload/download 

data rates promised by 5G technology. 

Outside 5G coverage,  it  operates 

according to a network’s capabilities, 

serving largely as a fully functional 4G 

LTE smartphone. 

Customers for 5G smartphones are 

getting an idea of the much higher 

costs of those devices compared to 

4G phones—and this is with limited 

service. Service providers worldwide 

are in the process of constructing their 

5G networks, currently offering very 

limited coverage mostly at lower fre-

quencies and with some experimental 

or “pilot” cells operating at mmWave 

frequencies. 

Very little is known about signal fre-

quencies at 24 GHz and higher in actual 

use and these test cases provide the 

means to discover the effects of real-

world operating environments, such as 

rainfall attenuation, on mmWave signals. 

Signals at mmWave frequencies used in 

5G systems for high-data-rate transmis-

sion and reception suffer much higher 

path loss than lower-frequency signals 

with longer wavelengths. They can be 

attenuated by a building, foliage, or even 

a user’s hand placed too close to the 

antenna array within a 5G smartphone. 

Many service providers are learning a 

great deal from their users of these ear-

ly 5G network sites, reporting positive 

results from the use of multiple-input, 

multiple-output (MIMO) antennas 

and active antenna systems (AAS) on 

extending coverage with mmWave sig-

nals. Antennas in 4 × 4 MIMO configu-

rations have been successfully applied in 

4G LTE networks. Much larger antenna 

arrays are typically being used in 5G 

networks. These are often 8 × 8, 64-ele-

ment active antenna arrays capable of 

controlling the phase and amplitude of 

each element to form a beam of directed 

energy between a base station and a user 

at mmWave frequencies.  

2. The Galaxy S10 smartphone from Sam-

sung is one example of the many mobile, 

multiple-function UE devices being devel-

oped for 5G wireless networks. (Courtesy of 

Verizon)

3. Compact base stations like the Nokia Airscale Base Station will add 5G coverage to areas 

already served by 3G and 4G LTE networks. These modular base stations make it possible 

to add 5G frequencies and spectrum as available to enhance performance and coverage. 

(Courtesy of Nokia)
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Status of 5G

Most 5G carriers expect about a five-

year buildup period for their networks 

with major investments in hardware, 

since the cost of RF/microwave compo-

nents tends to increase with increasing 

frequency. Leading device manufactur-

ers such as Intel, Qualcomm, and Texas 

Instruments are working to reduce the 

costs of RF/microwave components 

such as radio transceivers at higher 

mmWave frequencies. They’re accom-

plishing this through the dense integra-

tion of components within ICs and mul-

tilayer circuit modules that can serve 

both 5G UE devices and base stations. 

In general, 5G UE devices and base sta-

tions will be highly integrated, which 

is notable at higher frequencies where 

array antennas are tightly integrated 

with radio electronics, making it dif-

ficult to characterize 5G radio circuits 

using traditional test methods. 

TESTING THE FUTURE

In 5G SA base stations, the multiple-

band radio equipment will operate on 

its own, while in NSA base stations, it 

will share real estate with earlier-gener-

ation wireless base stations. The radio 

portion of a 5G base station will be a 

separate unit than the controller elec-

tronics, a remote radio head (RRH), 

with the two units interconnected by 

optical cables. Due to the propaga-

tion characteristics of mmWave sig-

nals (poor penetration of solid objects 

such as building walls), RRHs will be 

mounted where needed for maximum 

coverage, such as on building rooftops 

and within buildings (Fig. 3). However, 

such locations may make access with 

test equipment difficult. 

Due to the many hundreds and thou-

sands of base stations and microcells 

that will be needed and constructed dur-

ing the next five years, different mea-

surement approaches will be required 

to characterize and maintain the per-

formance of 5G RRHs. This includes 

over-the-air (OTA) testing for locations 

where it’s impractical to make a physical 

(coaxial cable) connection between the 

RRH and a signal analyzer (Fig. 4). 
OTA testing performs measure-

ments of a UE device or base station at 

some distance from the antennas in the 

device under test (DUT) using a cali-

brated measurement antenna connected 

to the signal analyzer. In the case of a 

smaller DUT such as a smartphone, 

OTA measurements are performed 

within a shielded room or enclosure. 

Once installed, 5G base stations can 

also be checked for performance levels 

and coverage within an area using OTA 

measurements. 

Clearly, 5G wireless network coverage 

is in its infancy in many locations. Some 

locations, such as China, Japan, and 

South Korea, are further along in con-

structing the 5G network infrastructure 

needed to meet the bold claims of 5G 

service providers. However, the invest-

ments and the commitments to building 

5G wireless networks are strong. 

It’s clear that the next five years will be 

active times for suppliers of UE device 

chipsets, for infrastructure radio equip-

ment suppliers in both FR1 and FR2 fre-

quency ranges, for suppliers of test hard-

ware and software in support of OTA 

measurements, and even for suppliers 

of the potentially millions of kilometers 

of fiber-optic cables needed in the inte-

gration of 5G base-station subsystems. 

It’s important to remember that 5G 

networks will be multilayered systems 

operating in basically three different fre-

quency bands and wireless functionality 

and performance will grow as 5G infra-

structure builds up. 

Many functions remain well-served 

by 4G LTE systems. As 5G networks 

expand, they will add to the possibilities 

of 5G technology especially in vertical 

markets, such as autonomous vehicles, 

wireless and IoT-enabled robotic fac-

tories and warehouses, and wireless 

healthcare and remote medical care.  

4. The advanced antennas and radio technologies used in 5G wireless networks will best be tested with portable analyzers and OTA 

measurement methods. (Courtesy of Rohde & Schwarz) 
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I
mproving the resolution, signal-

to-noise ratio (SNR), and other 

performance attributes of mag-

netic-resonance-imaging (MRI) 

systems generally requires stronger 

magnetic fields in addition to other 

improvements. Present medical MRIs 

have magnetic-field strengths from 

as low as 1.5 tesla (T) up to 7 T, and 

some have even higher-strength fields. 

However, increasing field strength is 

a costly, bulky, complex step-up in the 

machine’s design, construction, instal-

lation, power demands, operation, and 

maintenance.

Now, a team at the Boston Uni-

versity Photonics Center has devised 

a way to boost MRI performance 

without resorting to these stronger 

magnetic fields. They use a magnetic 

metamaterial made of helical resona-

tors, which are 3-cm-tall structures 

created from 3D-printed plastic, and 

coils of thin copper wire (Fig. 1). These 

resonators are then grouped in an array 

that’s flexible enough to cover the body 

part being imaged and interact with the 

magnetic field of the machine, result-

ing in an increase in effective SNR. 

Alternatively, it can also allow use of 

lower-strength MRI machines, provid-

ing comparable performance or faster 

scan times. 

This isn’t the first use of some sort 

field-shaping adjunct to boost perfor-

mance. Various resonator arrays have 

been explored as well as magneto-

inductive waveguides. However, these 

have had detrimental issues related to 

magnetic-field inhomogeneity and the 

potential for generating strong elec-

tric fields, raising potential safety con-

cerns.

The primary figure of merit is the 

magnetic-field enhancement ratio of 

the metamaterials, which is a function 

of many variables including resona-

tor diameter, spacing, and placement. 

The array of metallic helical unit cells 

yields collective resonant modes to 

interact with the magnetic field in 

MRI. The team performed many EM-

field simulations across these vari-

ables, among them the ones shown in 

Figure 2.

Beyond simulation, they tested 

their approach by scanning chicken 

legs, tomatoes, and grapes using a 1.5 

T machine (Fig. 3). Results showed the 

Using an array of helical coils formed on a metamaterial core, a research team greatly 
improved the performance of an MRI machine without having to ramp up magnetic-
field intensity.

Metamaterials 
Boost MRI Performance without 
Increased Magnetic Field

BILL SCHWEBER | Contributing Editor

Materials

1. Schematic of the magnetic metamaterial: The metamaterial array composes unit cells fea-

turing metallic helices, which are made of copper wiring with central polymeric scaffolding 

(scale bar is 3 cm). (Source: Boston University)
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magnetic metamaterial yielded a 4.2X 

increase in the SNR.

Project leaders Xin Zhang, professor 

of mechanical engineering, electrical 

and computer engineering, biomedical 

engineering, and materials science and 

engineering at the College of Engineer-

ing and a BU Photonics Center faculty 

member, along with Stephan Ander-

son, School of Medicine professor of 

radiology, vice chairman of research 

in Boston Medical Center’s radiology 

department, and a Photonics Center 

faculty member) hope to partner with 

industry collaborators so that their 

magnetic metamaterial can be adapted 

for real-world clinical applications as 

well as applications in non-clinical set-

tings. 

“If you are able to deliver something 

that can increase SNR by a significant 

margin, we can start to think about 

possibilities that didn’t exist before,” 

says Anderson. This could include hav-

ing MRI near battlefields or in other 

remote locations. “Being able to sim-

plify this advanced technology is very 

appealing.”

A l l  a sp e c t s  of  t he  proj e c t  are 

described in elaborate detail in their 

paper “Boosting magnetic resonance 

imaging signal-to-noise ratio using 

magnetic metamaterials” along with 

its Supplementary Information, which 

includes extensive EM-field and other 

analyses, published in Nature’s Com-
munications Physics. The work was 

supported by the National Institutes of 

Health, the Boston University College 

of Engineering Dean’s Catalyst Award, 

the Boston University Wallace H. Coul-

ter Translational Research Partnership 

Award, and the Boston University Igni-

tion Award.  

2. Magnetic-field enhancement ratio of the metamaterials: The magnetic field enhancement ratio as function of distance from the center of the 

metamaterial array (a, along the white dashed line in b) with simulation and calculation results in blue and red. Regions A, B, and C correspond 

to the regions within the metamaterial array, the region extending from the surface of the metamaterial to the peak enhancement ratio, and the 

“sample region” beyond the peak enhancement, respectively. The inset illustrates an extended plot of Region C (“sample region”). Also shown 

is the magnetic field strength along the axial direction distributed at the cross-section depicted as the blue rectangle in the inset (b), and the 

theoretical magnetic-field enhancement ratio of metamaterials with unit cells with different diameters (c). (Source: Boston University)

3. MRI scan of a chicken leg. Images acquired 

2.25 cm (a, b) and 2.50 cm (c, d), from the top 

surface of the metamaterial array. Images 

(a, c) are acquired in the presence of the 

metamaterial array, while images (b, d) are 

acquired in the absence of the metamate-

rial array. All other conditions remained fixed 

between scans. (Source: Boston University)

“
If you are able to deliver something that 
can increase SNR by a significant margin, 

we can start to think about possibilities that didn’t 
exist before. Being able to simplify this advanced 
technology is very appealing.”

(a) (b)

(c) (d)
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MARK MILLER | Product Line Manager, Pasternack Enterprises

Systems

Waveguide is taking on a new role in the next generation of wireless systems in small 
form factors considered inconceivable before.

WAVEGUIDE 
Makes a Comeback  
in 5G—for Antennas

F
or most design engineers, 

s t u d y  o f  w a v e g u i d e 

technology ended when 

they got their last degree. 

The only time waveguide comes up is 

to use it as a last resort in applications 

such as millimeter-wave (mmWave) 

measurements, where coaxial cable 

is too lossy, expensive, and fragile. 

That’s not to say waveguide isn’t used 

anymore,  but  it’s  not  considered 

“modern” technology and of little use in 

applications such as wireless. However, 

that perception is beginning to change, 

and the needs for waveguide’s benefits at 

mmWave frequencies for 5G are driving 

substantial amounts of research around 

the world.

The market for waveguide, and the 

components made from it, is remarkably 

stable and continues to grow. Depend-

ing on analysts, this growth is expected 

to be from 5% to 20% through the early 

2020s. In its “Millimeter Wave Technol-

ogy Market 2019-2023,” 360 Research 

Reports notes: “There has been a 

remarkable increase in antenna devel-

opments from waveguide slot antennas,” 

driven by mmWave radars and inter-

est in “design and implementation of 

efficient and miniaturized antennas for 

mobile communications and radio com-

munication equipment.”

That’s remarkable in an era when sys-

tems of all kinds are shrinking and pow-

ered by low-power solid-state devices, 

and except for those who actively seek 

it, information about waveguide anten-

nas is rarely covered in the media. How-

ever, many research papers concerning 

new waveguide antenna designs appear 

every year. Many of them are related 

not to traditional applications such 

as defense systems, but rather to their 

potential use in deploying commercial 

wireless networks.

The reason for this interest lies in 

the basic characteristics of waveguide, 

which when compared with its coun-

terpart, coaxial transmission line, has 

unique benefits. For example, while 

coaxial cable is far easier to use, its per-

formance declines with frequency. And 

at millimeter wavelengths above about 

30 Hz, insertion loss becomes increas-

ingly problematic and its size shrinks 

to the size of a pencil lead, making it 

extremely fragile and expensive. 

Only air has lower insertion loss than 

waveguide, and it’s virtually impervi-

ous to external interference, handles 

much higher levels of RF power, and 

operates over wide bandwidths. The RF 

power-handling ability of coaxial cables 

is quite high at high frequencies, espe-

cially when using air rather than PTFE 

as the dielectric, but it falls off rapidly 

with frequency to a watt or less at high 

millimeter wavelengths.

That said, at lower frequencies, metal 

waveguide is huge when compared to 

coaxial cable, and for applications at 1 

GHz and below it’s truly enormous, ful-

filling its derogative moniker as “micro-

wave plumbing.” Even the flexible ver-

sions of waveguide are comparatively 

difficult to install and require special 

couplings. 

Because of its size, most waveguide 

applications today are confined to test 

and measurement, radar and electronic 

warfare systems, point-to-point links, 

satellite terminals, broadcast transmit-

ters, medical systems, and linear accel-

erators and other scientific systems. 

But at frequencies above about 30 GHz, 

waveguide comes into its own, and as 

frequency increases, it becomes the only 

reasonable solution for transferring 

energy over a physical medium with low 

loss. In the future, it holds great poten-

tial for mmWave antennas, too. 

WAVEGUIDE FOR 5G?

One of the core tenets of the fifth 

generation of wireless communications 

is the use of mmWave frequencies. 

They’re needed to accommodate the 

extremely wide channel bandwidths 
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required by high-definition video 

streaming and other data-intensive 

applications, as well as the low latency 

required by applications such autono-

mous vehicles, tele-surgery, gaming, 

and many industrial applications. 

To realize operation in this spectral 

region, advanced antenna architectures 

will be crucial. Although waveguide-

based antennas are rarely mentioned in 

the same sentence as 5G, they will likely 

play an important role at millimeter 

wavelengths.

To facilitate the development of 

mmWave technology around 60 GHz 

for Wi-Fi and potentially the next gen-

eration of cellular technology, Paster-

nack in 2014 introduced the PEM003-

KIT transmit/receive development 

system for creating transmission paths 

at varying distances and vary key 

parameters to verify and optimize the 

performance of designs. At the time it 

was introduced, 60 GHz seemed a bit 

far out in terms of deployment. How-

ever, in the last two years, the kit has 

gained popularity as designers and 

experimenters realize that 60 GHz will 

likely be in their sights sooner rather 

than later.

The PEM033-KIT consists of trans-

mitter and receiver printed circuit 

boards and WR15/WG2 waveguide 

antenna modules that create transmis-

sion and reception paths, along with 

Windows software that acts as a control 

panel for system monitoring, configu-

ration, and experimentation (Fig. 1). 
Two antenna modules are available: For 

distances between 30 to 50 m, a WR-15 

antenna delivers gain of 15 dBi, and 

for distances between 200 to 300 m, a 

WR15 horn antenna delivers 34 dBi 

of gain. 

TWENTY-FIRST CENTURY 

WAVEGUIDE

A variety of waveguide antenna 

techniques can be used to achieve 

excellent results by combining the 

inherent characteristics of waveguide 

and fabrication using cost-effective 

methods. Depending on their archi-

tecture, these antennas can provide 

directional or omnidirectional cover-

age and electronically steered beams. 

Active beamsteering, regardless of the 

technology used to implement it, is 

essential for combating the challeng-

ing propagation characteristics at mil-

limeter wavelengths.

The majority of the tradit ional 

waveguide antennas are standard rect-

angular, or conical, gain horns, with 

directional radiation patterns. For 

wireless communication applications, 

like 5G, other radiation patterns may 

be required for desired coverage, such 

as omnidirectional and sector patterns. 

In addition, dual polarization and cir-

cular polarization may be needed for 

optimized communications. Paster-

nack has introduced these categories 

of waveguide antennas, as well as high-

gain lens gain horns.

One such antenna is the slotted 

waveguide antenna array (SWAA), 

which has been used since World War 

II in various radar applications, espe-

cially rotating commercial S-band (2 

to 4 GHz) marine radars where cost 

and simplicity are key metrics. SWAAs 

consist of lengths of circular or rect-

angular waveguide with slots milled 

into their conducting walls. These slots 

introduce discontinuities in the con-

ductor and interrupt the current flow 

in the waveguide wall. As current flows 

around the edges of the slots, they act as 

dipole antennas. The waveguide itself 

acts as the transmission line feeding the 

antenna elements.

1. Pasternack’s 60-GHz development kit helps designers get accustomed to the millimeter-

wave frontier.
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Waveguide and 5G

Researchers at the National Institute 

of Telecommunications and the Federal 

University of Itajubá in Brazil developed 

SWAAs that have the potential for use 

in 5G networks.1 One of these, designed 

for operation between 24 and 33 GHz, 

combines high gain and omnidirection-

al coverage using circular waveguide 

filled with PTFE that acts as a mechani-

cal support for the antenna structure 

(Fig. 2).

The circular slots in the waveguide 

are equally spaced. They act as metal 

rings within a dielectric rod in which the 

waves function much like a leaky-wave 

antenna. RF energy is radiated outward 

through the slots, producing omnidirec-

tional coverage. The conical horn of the 

lower part of the antenna measures 15 × 

9.9 mm and is fed by a K connector. The 

antenna produces gain of about 12 dBi at 

28 GHz and has a 2.15-GHz bandwidth. 

It stated applications include shopping 

malls, theaters, convention centers, and 

stadiums.

The researchers also developed a 

dual-band SWAA that uses sets of slots 

on each of the rectangular waveguide’s 

broader face, one for 28 GHz and the 

other for 38 GHz, allowing both bands 

to be used simultaneously. The antenna 

measures 1.7 × 24 × 87 mm and provides 

bandwidths of 24.72 to 32.2 GHz and 

35.5 to 39.15 GHz with gain of 12.6 and 

15.6 dBi, respectively. 

One of the most impressive large-

scale SWAA antennas was announced 

early last year by Mitsubishi Electric and 

Hiroshima Institute of Technology (Fig. 
3). The 2,000-element dual-polarized 

array is designed for weather, airport 

radar, remote-sensing radar, and satel-

lite communications, but the concept 

could be applied to smaller arrays at 

higher frequencies. Because it’s made 

from injection-molded resin rather 

than metal, it’s 40% lighter and 90% less 

expensive than a patch array of the same 

size. Furthermore, it offers 60% sidelobe 

suppression, a 90% reduction in cross-

polarization, and 10% greater efficiency.

Another promising technology is 

substrate integrated waveguide (SIW), 

which uses printed structures that emu-

late metal waveguide but are lightweight, 

have a low profile and low insertion loss, 

and are easy to manufacture. SIW tech-

nology allows for integration of passive 

and active components and antennas in 

a single substrate. It’s a promising tech-

nology not only for antennas, but for 

phase shifters, oscillators, resonators, 

filters, and other passive components, 

forming substrate integrated circuits 

(SiCs). They can be directly connected 

to planar circuits, namely microstrip 

2. The omnidirectional 

ring-based SWAA 

antenna from 

researchers in Brazil 

is designed to deliver 

coverage indoors 

or outdoors with 

substantial gain.

3. This 2,000-element 

SWAA from Mitsubishi 

Electric and Hiroshima 

Institute of Technology 

is designed for use 

in weather and 

surveillance radars.

▲

▲

O
ne of the most impressive large-scale SWAA antennas was 
announced early last year by Mitsubishi Electric and Hiroshima 

Institute of Technology (Fig. 3). The 2,000-element dual-polarized array is 
designed for weather, airport radar, remote-sensing radar, and satellite 
communications, but the concept could be applied to smaller arrays at 
higher frequencies. 
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Waveguide and 5G

line and coplanar waveguide, making it 

suitable for mass production.

SIW falls between microchip line and 

dielectric-filled waveguide in which 

the metal on both sides of a dielectric 

substrate (microwave laminate) acts as 

the waveguide’s top and bottom walls. A 

dense array of metallized posts connects 

to the upper and lower plates of the sub-

strate. There are multiple variations on 

SIW that enhance its capabilities while 

reducing size and complexity.

For example, half-mode SIW reduces 

the amount of vertical metallization to 

half that of a full SIW implementation, 

increases operating bandwidth, and can 

function effectively up to about 100 GHz. 

The latest versions of this technique 

eliminate the via holes and the dielectric 

substrate, replacing it with an air-filled 

structure while maintaining the advan-

tage of integration on a planar substrate.2 

As a result, the technique may allow SIW 

to be at even higher frequencies.

Other researchers have developed 

a double-sided, 4x4 element SIW slot 

antenna using a stripline feed.3 The 

antenna and its feed are fabricated on a 

single substrate with two dielectric lay-

ers and three copper layers, resulting in 

its small size, low profile, low cost, and 

two radiation directions. The antenna 

can be used at 25 and 28 GHz with 8-dBi 

gain, 63-deg. half-power beamwidth, 

and a 2-GHz bandwidth. 

Still another technique is half-mode 

composite waveguide (MCW). It con-

sists of inner and outer waveguide struc-

tures in which the outer structure acts as 

a rectangular coaxial line for lower-fre-

quency operation while the inner struc-

ture acts as a rectangular waveguide for 

higher-frequency operation. A half-

mode version (HMCW) has inner and 

outer waveguide that operates in half-

mode. When compared to its full-size 

counterpart, it occupies half the space 

with comparable insertion loss.

Finally, Gapwaves, a Swedish compa-

ny founded by the late Per-Simon Kildal, 

a researcher and professor at Chalm-

ers University of Technology, developed 

a commercial product based on tech-

niques quite different from others called 

a gap waveguide. A structured metal 

surface and flat metal surface are placed 

close together, with the structured sur-

face having pins that form a metamate-

rial surface referred to as an artificial 

magnetic conductor (Fig. 4).
The pins prevent RF energy from 

propagating in undesired directions. 

Thus, the pins effectively replace the 

walls in a conventional rectangular 

waveguide—without the need for a 

sealed metallic enclosure. The waves 

propagate in the air gap between the 

ridges and the top metal surface with low 

loss, and no metallic contact is required 

between the two parts, so assembly is 

comparatively simple. 

A 28-GHz phased-array using this 

technology can deliver effective radiated 

power of 65 dBm in a small form factor. 

It also allows for integration and direct 

antenna contact with other active or 

passive components by replacing the flat 

metal surface with a circuit board. The 

company is integrating GaN front-end 

modules, filters, a beamforming chip 

set, and other components to produce a 

complete subsystem.

SUMMARY

These represent just a few of the many 

ways that researchers are exploiting the 

properties of waveguide to create anten-

nas that a decade ago would have been 

of little interest for commercial applica-

tions. However, if there’s any market that 

will foster the continued development 

of waveguide technology in the com-

ing years, it will be the wireless industry, 

because no other needs it more.  
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4. The Gapwaves “gap waveguide” technology can be used to build a compact 28-GHz 

phased array while integrating active components to produce a complete subsystem.

I
f there’s any 
market that will 

foster the continued 
development of 
waveguide technology 
in the coming years, 
it will be the wireless 
industry, because no 
other needs it more.
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T
he biggest challenge in test-

ing 5G devices, as opposed 

to 4G/LTE, is the reliance on 

active antenna arrays and 

high RF frequencies. These frequencies 

are far higher than what we have ever 

used before in a commercial communi-

cation system. Frequency range 1 (FR1), 

which will transmit most of the tradi-

tional cellular communications traffic, 

has been designated for 450 to 7125 

MHz. Frequency range 2 (FR2) will 

employ millimeter-wave (mmWave) 

frequencies (24,250 to 52,600 MHz) 

to deliver short-range, high-data-rate 

transmission.

Higher frequency bands combined 

with extended bandwidths in the 

mmWave range will place much higher 

demands on the components for 5G 

communications devices and systems, 

including the filters, mixers, amplifi-

ers, analog beamforming chipsets, and 

antennas. 

For FR1, which is sub-6-GHz, test-

ing can still be performed using cables. 

But at FR2, it will be necessary to con-

sider the entire assembly as one entity, 

including the antenna, phase shifters, 

amplifiers, attenuators, and more. Test-

ing needs to be performed at a system 

level, so that connectors and cables 

don’t interfere with the system charac-

terization. 

NEW TECHNOLOGIES, MORE 

COMPLEXITY

FR2 products are becoming very com-

plex. They’re comprised of phased-array 

antennas; each is built of many antenna 

elements, every one with its own phase 

shifter and amplifier, working collec-

tively to steer a signal in a desired direc-

tion. 

In this case, if testing is performed 

using a connector that bypasses the 

antenna array, it’s impossible to gauge 

how the overall system performs: If the 

system lacks proper beamsteering or 

gain, or if the components behind it are 

too noisy and impact the modulation 

of the signal, it will not be discovered 

during the testing phase. Therefore, it’s 

critical to characterize the entire sys-

tem—the radio and the phased-array 

antenna together. 

In multiple-input, multiple-output 

(MIMO) technology, multiple antennas 

are used at both the transmitting and 

receiving points, creating a circuit that 

minimizes errors and optimizes speed. 

Traditionally, testing MIMO signals 

has focused on testing the transmitter/

receiver system and the quality of the 

channel. Facilitating commercially fea-

sible testing in 5G devices could be a 

challenge. 

However, when designing a massive-

MIMO active antenna system, devel-

opment engineers face new challenges 

that include phase-shifter tolerances, 

thermal effects of the power amplifi-

ers (PAs), and frequency drifts between 

modules that affect the desired beam 

patterns. 

In an active antenna system, the 

transceiver front-ends are integrated 

As 5G begins to leverage high-frequency mmWave bands, engineers that used to 
work at RF frequencies will once again need to sharpen their 
skill sets and adopt new design and testing techniques. 

Delivering 5G Devices 
to Market Will Bank on 
OTA Testing

CLINTON LINVILLE | Application Engineer, Rohde & Schwarz

Test & Measurement
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Shown is Rohde & Schwarz’s ATS800R rack-

mount CATR system that performs OTA 

testing.
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OTA Testing

together with the antenna array, which 

means that traditional RF output ports 

are no longer accessible. In addition, a 

fiber interface replaces the traditional 

RF input ports for digital I/Q data. Con-

sequently, over-the-air (OTA) testing 

becomes the default use case for mas-

sive-MIMO systems and for modeling 

the spatial properties of the propaga-

tion channel. Due to the different sizes 

of massive-MIMO systems, testing in 

far-field conditions requires a variety of 

shielding environments.

It’s still a bit early to consider what 

a MIMO test solution for 5G will 

look like. Nonetheless, we anticipate 

the need to consider multiple angles 

of arrival of signal, application of the 

proper fading channels, etc. Currently, 

it’s difficult to see what this looks like 

for FR2. 

The 3rd Generation Partnership Proj-

ect (3GPP), which unites seven telecom-

munications standard development 

organizations (ARIB, ATIS, CCSA, 

ETSI, TSDSI, TTA, and TTC), is actively 

developing the reports and specifica-

tions that define 5G technologies. The 

project covers cellular telecommuni-

cations technologies, including radio 

access, core network, and service capa-

bilities, which provide a complete sys-

tem description for mobile telecommu-

nications. 

The 3GPP technologies from these 

groups are constantly evolving through 

generations of commercial cellular/

mobile systems. With its LTE, LTE-

Advanced, LTE Advanced Pro, and 

5G work, 3GPP has become the focal 

point for the vast majority of mobile 

systems beyond 3G. A number of 

Rohde & Schwarz representatives reg-

ularly attend 3GPP’s meetings glob-

ally, including those of the standards 

committees, and the company has con-

tributed input and feedback on test-

ing devices and systems to meet the 

specifications the organization lays 

out. When the standards are finalized, 

they will drive the future certification 

process.

The major focus for all 3GPP Releas-

es is to make the system backward- and 

forward-compatible where possible, 

to ensure that the operation of user 

equipment is uninterrupted. For 5G, 

many operators are starting with dual 

connectivity between LTE and 5G NR 

equipment—using a non-standalone 

specification detailed in Release 15 

that was completed earlier this year. 

Care has been taken to build forward 

compatibility into non-standalone NR 

equipment, to ensure that it will be fit 

for use on standalone 5G NR systems.

THE EVOLUTION OF OTA TESTING

In terms of testing, the standards are 

changing from connectorized measure-

ments to an indirect far-field measure-

ment using a compact antenna test 

range (CATR), as it provides the most 

flexibility and a practical solution mov-

ing forward. For example, if you were to 

measure an FR2 phased array in a true 

far-field chamber, you would be look-

ing at a range length of several meters, 

which is impractical. 

Today’s systems can execute the 

antenna characterization or antenna 

check using test solutions such as a 

compact antenna range that emulates 

far-field conditions within a smaller 

area/footprint. Moving forward, CATR 

will be the test system of choice to test 

phased arrays at high frequencies for 

user equipment.

One such compact solution is the 

ATS800R from Rohde & Schwarz, 

a vertical rack-mount CATR system 

(see figure on page 29). The device can 

be placed on a table to characterize 

the phased arrays and facilitate quick 

measurements—such as EVM, ACLR, 

EIRP, or beamsteering measurement—

within a 20-cm quiet zone. Although 

not automated, an adjacent device 

under test (DUT) can be quickly, fully 

characterized, which is beneficial for 

R&D functions as well as for a produc-

tion environment. 

OTA testing wil l  be crit ical  for 

ensuring that 5G devices will perform 

in the real world. The 5G device is 

placed in a test chamber and tested 

in simulated conditions to see how it 

responds. In addition to verifying the 

performance, such testing will certify 

that products meet specified stan-

dards, from both a modulated per-

spective and an antenna perspective. 

For example, a vector signal generator 

can provide a modulated 5G signal, 

while a spectrum analyzer can help 

analyze those signals with special 

measurement profiles, to verify unim-

peded transmission between the signal 

source and the device. 

White box testing was sufficient for 

sub-6-GHz devices for 2G, 3G, and 

4G, as the far-field conditions where 

not as vast as we’ll see with the FR2 

band. The latter frequency range is 

designed for applications that would 

not allow for a direct line of sight 

from the DUT to measurement probe. 

White box testing enables the mea-

surement antenna to look directly at 

the center of rotation, and the tester 

knows the antenna’s precise location. 

Positioning is very important in white 

box testing, since it uses the far-field 

condition directly. 

While a direct far-field system may 

allow for testing of larger devices, it’s 

not practical at higher frequencies. 

FR2 will require black box testing, 

either because the antenna position 

is unknown or there’s a need to mea-

sure an entire system or product. This 

testing method uses indirect far-field 

(CATR), which doesn’t require exact 

positioning because an indirect wave 

measures the device. The measurement 

system is pointed at the reflector and 

filters out the spherical wave compo-

nent to reflect the planar wave back 

toward the DUT. 

Modern highly integrated chipsets, 

front-ends, and antenna systems require 

new techniques for OTA measurements 

in a multitude of development steps. 

Integrating the antenna or antenna array 

into the chipset poses challenges in 

beamforming verification and chipset or 
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OTA Testing

amplifier testing. With the use of state-

of-the-art test-and-measurement equip-

ment in lab environments, shielded 

boxes, or large anechoic chambers, the 

challenge of OTA testing largely comes 

down to understanding key challenges 

in antenna measurement and chamber 

setup. 

It’s important to keep in mind that 

conformance testing will change con-

siderably for FR2 frequencies, leaning 

toward OTA testing over conducted 

tests. Engineers will need to know how 

to calibrate the systems and understand 

what they are measuring. This will 

require a bit of homework on their part, 

perhaps working closely with antenna 

manufacturers. 

5G PRODUCTION TESTING

In addition, 5G production testing, 

which is still evolving, should be recog-

nized as much more of a challenge for 

R&D due to the high volumes involved. 

Production speed ultimately will be 

impacted by the types of measurements 

required as well as the length of time it 

takes to measure and record the mea-

surement. 

However, OTA systems for FR2 can 

be used without a front door in an R&D 

environment, which saves time placing 

and removing devices in the chamber 

and is further conducive to a produc-

tion environment when a reflector is 

mounted above the manufacturing line. 

Such a setup enables a CATR system 

to easily measure bore sight, off-peak, 

null definition, beamsteering accuracy, 

and more.

Production testing for FR2, though, 

currently remains in the R&D stage for 

the most part, as manufacturers focus 

on developing the right design. When 

5G becomes mainstream, test-and-mea-

surement designs will need to quickly 

evolve and align with standards and 

specifications.  

CLOSING THE KNOWLEDGE GAP: 

THE NEW DIGITAL DIVIDE

Millimeter-wave engineering is con-

siderably different than RF engineering. 

At mmWave, components act different-

ly. At low frequencies, engineers don’t 

need to account for the phase properties 

of a wavelength since wavelengths are 

large in comparison to the component 

size. But at mmWave, in which frequen-

cies are high and wavelengths are small, 

the wave properties of the signals must 

be considered.  

As 5G begins to leverage high-fre-

quency mmWave bands, engineers that 

used to work at RF frequencies will 

once again need to sharpen their skill 

sets and adopt new design and testing 

techniques. To learn more about the 

technologies shaping our future wireless 

world, please visit the 5G Learning Cen-

ter at www.mobilewirelesstesting.com or 

the Rohde & Schwarz website at www.
rohde-schwarz.com/5G.  
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Industrial
MICHAEL MUNROE | Technical Product Specialist, Elma Electronic Inc.

11 Myths About OpenVPX 
and the SOSA Initiative

P
aradigm shifts in technology initiatives don’t 

come without their skeptics, as is the case with 

the DoD’s Hardware/Software Convergence Ini-

tiative. Aimed at developing a common, modu-

lar hardware architecture across C4ISR and EW systems, this 

program combines separate efforts initially undertaken by the 

U.S. Army under CERDEC (CMOSS), the U.S. Navy under 

NAVAIR (HOST), and the Air Force under AFLCMC into 

one, cohesive COTS-based, open standards initiative.

Now managed entirely under Sensor Open Systems Archi-

tecture (SOSA), this collection of open architecture standards 

provides reconfigurable, upgradable, and cost-effective C4ISR 

capabilities in deployed platforms across sensor applications 

throughout all major military branches. Using OpenVPX as its 

basis, it’s setting the standard for interoperable systems across 

several defense branches to improve subsystem SWaP, enable 

rapid technology insertion, and promote reuse.

It’s important to understand how both OpenVPX’s history 

in military environments as well as its pedigree as a ratified 

industry standard can help facilitate this widespread, and 

seemingly complex, undertaking to break from the old meth-

od of costly proprietary computing systems.  

Below, some common misconceptions about OpenVPX are 

dispelled, and we examine how it can provide the right envi-

ronment for the SOSA initiative

1. THE CARD ISN’T GOING TO BE COMPATIBLE. 

This depends on whether the target backplane is a VITA 

65.0 standard development backplane or a customer-driven 

deployed backplane. The VITA 65.0 standard development 

backplanes have very simple topologies that are compatible 

with lots of cards. Actual VPX system backplanes have much 

more complex topologies with many I/O signals. 

Consequently, these backplanes are usually designed for 

specific cards and map to the unique I/O mapping of one VPX 

module. With the development of fully defined SOSA VPX 

slot profiles, even complex backplanes will be wired for stan-

dard slot profiles, and the result will be more modules compat-

ible with any given backplane implementation.

2. I WON’T BE ABLE TO GET ENOUGH POWER. 

Enough power is no longer the problem—it’s properly cool-

ing the amount of available power. In the past, VME64x and 

CompactPCI cards could each typically draw no more than 

150 W from a backplane slot. As large FPGA silicon became 

available from companies such as Xilinx and Altera, the power 

needs of an individual card exceeded the amount of power that 

a card could draw because the pin assignments and contact 

design did not allow for more power. 

3U VPX cards can draw over 270 W and 6U cards could 

draw over 380 W. It’s unlikely that VPX systems will ever be 

limited due to power availability. And, new cooling standards 

are being released to allow more of this VPX power to be used 

in future systems.

3. I’LL NEED A CUSTOM BACKPLANE. 

One of the main criticisms of the VPX architecture, and a fair 

one at that, is that it doesn’t consider all of the other VPX features 

that have made the architecture so desirable. The mandate for 

custom backplanes is, therefore, being tolerated by designers. 

A new solution designed to meet the need for fully custom-

ized VPX backplanes is on the horizon. Pioneered by hard-

working technical groups under SOSA, emerging standard 

profile definitions will eliminate much of the need for VPX 

backplane slots to be wired for specific, unique VPX modules 

when using SOSA conforming plug-in cards.

4. I CAN’T RUN 10 Gb/s OUT OF THE BACKPLANE. 

For some time, PCIe Gen2 and 10GBase-KX4 were thought 

to be the fastest protocols that could be reliably passed to I/O 

devices through cables, which plugged into VPX backplane 

RTM connectors. Recently, a new approach that utilizes new 

backplane materials, together with improved via design, has 

pushed this limit to PCIe Gen3 and 40GBase-KR4. It’s highly 

likely that a new, backward-compatible VPX connector may 

even allow these higher speeds to be exceeded in the near future.

5. VITA 65 MAY NOT MEET ALL MY DESIGN NEEDS. 

This was most likely said by those who haven’t reviewed the 

current list of available features added to VPX. In fact, it’s hard 

to imagine an application that could not be implemented with-

in the standard. VPX is rugged and supports two card sizes. 

Some of the new features include miniature coaxial backplane 

feed-thru, backplane optical ribbons, radial clocks, 25-Gb/s 

channels, rugged vibration-resistant connectors, hybrid topol-

ogies, XMC sockets, as well as VITA 57.4 FPGA mezzanines 
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that support 28-Gb/s links between the base board and the 

mezzanine. The coaxial modules now available are causing an 

explosion of new applications.

6. ALL OF THE VPX CONNECTORS ARE EXPENSIVE 

BECAUSE THEY ARE SOLE-SOURCED. 

OpenVPX was built specifically with the goal of eliminat-

ing single-source pitfalls.  To date, there are three suppliers 

of intermatable backplane connectors, one of which already 

offers three different versions of the VITA 46 connector. All 

versions are forward and backward-compatible. 

The connectors cost more because of the performance they 

provide. These high-density, high-speed connectors allow 

space for XMC/PMC mezzanine sockets and fit within the 3U 

and 6U 160 Eurocard packaging formats. In addition, there 

are space-qualified, high-vibration-resistant, footprint-com-

patible VPX backplane/daughtercard connectors. Paying for 

the benefits of performance enhancement is true for whatever 

architecture you choose.

7. THE MULTI-CONNECTOR IS LIMITED TO 12 Gb/s.   

Although the current connector supports signaling up 12 

Gb/s, which is just beyond PCIe Gen3 and 10Base-KR Ether-

net, a new backward-compatible version of the same MultiGig 

connector is being standardized and will support Ethernet 

lanes up to 25 Gb/s and Fat Pipes (FP) supporting 100GBase-

KR4. This connector is both backward- and forward-com-

patible, so that old cards can be used in the new backplanes 

and new cards will be usable in the old backplanes. However, 

the speed will always have to be negotiated down to the least 

capable element in the path. 

8. I CAN’T INSPECT VITA 66.1/66.4 OPTICAL MODULES 

IN THE FIELD. 

There’s now an inspection card for 6U VPX conduction-

cooled chassis that will automatically both inspect—and 

clean—VITA 66.1 optical modules installed in either the J3 or 

J6 position in a 6U VPX backplane. 

Independent of the VPX system, this tool is tethered to a 

laptop running software that will execute multiple inspect/

clean/inspect cycles until all of the fibers meet inspection 

requirements. Then, a new card can be inserted into the fully 

inspected VPX slot in the field. The hope is that this equip-

ment will be extended to 3U VPX slots that are either in accor-

dance with AV 48.1 or AV 48.2.

9. ISN’T AIR FLOW-THROUGH THE SAME AS 

CONVECTION COOLING?   

Not at all. Three different cooling methods are actually 

included in OpenVPX that all depend on forced air. While 

technically not “new,” since these methods have been used 

with VME for years for demanding applications, they’re now 

standardized. Check out VITA 48.5, 48.7, and 48.8. Each offer 

advantages over conventional forced air, because each method 

allows air to be directed specifically where it’s needed.  

10. I HEARD THAT THE VITA 46.11 IPMI-BASED SYSTEM 

MANAGER ISN’T REALLY SECURE ENOUGH FOR 

CYBERSECURITY. 

Your concerns have been heard, and the HOST and SOSA 

working groups are really beefing up the System Management 

approach and adding new capabilities, such as large file trans-

fer support and IPMI 2.0 security. These two working groups 

are supported by a large team at the University of Georgia 

Research Institute, the U.S. Army, U.S. Air Force and NAVAIR, 

as well as individual companies and SBIR (Small Business 

Innovation Research) award winners. It’s a level of cooperation 

never seen before.

11. CAN AN INTERMEDIATE FREQUENCY BE SHARED 

BETWEEN RADIO CARDS IN A VPX BACKPLANE?  I’VE 

HEARD THAT THERE ISN’T SUFFICIENT ISOLATION.  

It’s true that the MultiGig signal pins may not provide suf-

ficient isolation between pairs to distribute an intermediate 

frequency between radio cards. However, VPX slots now 

support a variety of coaxial interfaces that can distribute 

an intermediate frequency or very precise clocks such as 

Precision Time Protocol (PTP) and Network Time Protocol 

(NTP).

VITA 67.3 only defines the opening in the backplane, the 

mounting holes, and alignment pins, and supports several siz-

es of modules as well as a growing number of unique contact 

configurations, including mixed coax and optical interfaces. 

These 67.3 modules are easily removed and replaced on the 

backplane, so reconfiguration is possible. 

VITA is working to standardize additional contacts, but 

users are already employing coaxial contacts such as SMPM 

(multiple suppliers), nanoRF (TE currently), and SMPS 

(SVmicro). SMPM (many vendors) is lower density, but it 

supports the greatest variety of backside cable options includ-

ing flexible, semi-rigid, and right-angle terminations. Some 

SMPM configurations are already standardized within VITA 

documents. 

We’re only addressing the backplane side because 67.3 was 

developed to support direct launch from the daughtercard 

mezzanines, though cable can also be used. Furthermore, 

VITA 67.3 modules can support new higher-density nanoRF 

and SMPS contacts. Half-size 67.3 modules with as many as 

12 coaxial contacts are already in the marketplace and being 

used. The denser connectors only support flexible cables 

presently. These can be used to distribute the precision clocks 

already mentioned. You can also see a mix of SMPM and either 

nanoRF or SMPS contacts as well as optical MT ferrules com-

bined in a single 67.3 module.  

36 FEBRUARY 2020   MICROWAVES & RF



W
hile some companies may be claim-

ing victory in the first heat of the 5G 

race, it’s clear the real winners will 

most surely come from the middle of 

the pack. Taking advantage of drafting in the path of telecom 

giants, these nimbler competitors are making informed deci-

sions and streamlining their approaches. 

To make such headway, a number of companies are adopt-

ing the approach of rapid prototyping, testing, and deploy-

ment of network architectures enabled by nimble, self-pro-

grammable RF test devices. With a few of these devices, a 

laptop, a simple GUI, and a USB cord, designers are quickly 

confirming or denying various networking and signal man-

agement techniques and identifying the best components for 

their unique signal chains. They’re also discovering how to 

create lower-cost, lighter-weight ATE solutions that can be 

duplicated, trained, and deployed in various regions. 

MIMO BENEFITING FROM PROGRAMMABLE TESTING 

DEVICES

The small-cell, millimeter-wave, and massive multiple-

input, multiple-output (MIMO) system, currently consid-

ered one of the best 5G wireless network approaches, is also 

one of the most complex. While there’s tremendous advan-

tages and efficiencies of a multi-path network, the creation 

of a test system to perform common simulations, such as fad-

ing, becomes exponentially more challenging. This is when 

many MIMO system designers are enjoying the ability to 

try subtle tweaks, out-of-the-box ideas, and major rethinks 

all in one day with the help of their versatile and easily pro-

grammed RF test devices.

HOW DID IT ALL DEVELOP?

So how did self-programmable test devices come to be in 

wireless telecom? You might say they fell off a bench. The 

shared test bench of a RF/microwave component and/or sub-

system engineering department is typically home to at least 

one pre-programmed high-frequency benchtop instrument. 

They’re operated by a small screen and front-panel keyboard 

along with a library of dozens of necessary codes. They’re also 

costly. 

Resourceful engineers and test techs at these companies 

who’d grown tired of getting squeezed for time on the few (if 

any) full-featured instruments, also recognized the amount 

of overkill these instruments were when it came to their own 

unique test or simulation within certain frequency bands. 

As the burgeoning programmable RF/microwave test device 

market was taking shape, early evaluations revealed that the 

approach was not only efficient in the lab, it was even more 

valuable to a company’s techs in the field who were carting 

around and protecting full-featured pieces of equipment. 

Once in this team’s hands, the programmable trend gained 

steam.

EASY CONNECTIVITY AND PROGRAMMABILITY  

IS KEY

Among the most commonly adopted programmable devic-

es are those featuring driver-less USB HID compatibility. 

One approach being adopted to gain 
ground in the race to 5G involves the 
rapid prototyping and testing of network 
architectures enabled by nimble, self-
programmable RF test devices.

Expedite 5G MIMO Rollouts 
with Programmable 
RF Test Devices

SCOTT BLANCHARD | President, Vaunix 
www.vaunix.com

Test & Measurement

Lab Bricks developed by Vaunix represent a suite of solid-state pro-

grammable RF test devices that include attenuators, signal genera-

tors, phase shifters, and switches in various RF/microwave bands.
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These devices typically operate from a Windows-based GUI 

or by tapping into a library of Windows and Linux APIs pro-

vided by the manufacturer that support Python, C#, C++, 

MATLAB, Java, and LabVIEW. 

The reason USB HID compatibility appears to be a leading 

a choice is that it avoids the difficulties inherent in using older 

serial or IEEE-488 interfaces when implementing over stan-

dard USB. As a result, RF/microwave and wireless test system 

designers don’t need to install kernel-level drivers. This makes 

setup fast, and possible even with low-cost embedded comput-

ers like a Raspberry Pi.

MOBILE WI-FI FOR TRAINS

One application area for attenuators is an ultra-efficient 

Wi-Fi system for commercial and commuter rail companies. 

Andrea Oriolo, a Co-founder and VP of Operations of Ital-

ian Mobile Wi-Fi specialists at Fluidmesh, used Vaunix’s Lab 

Brick attenuators (see figure) in its rail applications. He notes, 

“The Lab Brick attenuator was really easy to set up. It was truly 

as simple as plugging in a USB cord and allowing the auto-

mated software to load.” 

Fluidmesh created a radio that used a set of predictive algo-

rithms to keep and hold the best signal strength and band-

width while simultaneously moving to a second radio before 

leaving the first in a make-before-break handover. The chal-

lenge was then being able to create a simulation of the mul-

titude of nuances that would happen in real time when the 

radios were deployed on trains. 

The company had to contend with a dynamic environment 

with many transitions—left turns, right turns, moving nearby 

and far from an antenna—to effectively simulate the roaming 

of the onboard radio. Meanwhile, simulation also had to con-

sider all of this happening in a crowded environment full of 

obstacles, such as tall buildings or mountains, that can absorb 

and reflect signals. Not to mention other moving vehicles and 

electronic devices that could interfere with signals. 

In the past, Fluidmesh’s only effective way to simulate this 

was by manually adjusting the signal strength of the radios 

while riding the trains themselves and recording the data in 

real time. This was an arduous and time-consuming exercise 

that sent its team to the internet to find a better way. They 

quickly discovered how a portable and easily programmable 

RF attenuator would allow them to quickly and perfectly 

attenuate their RF signals and simulate the exact RF signal fad-

ing they had observed when the trains moved between various 

antennas, and among obstacles. 

Fluidmesh was able to integrate the attenuators with its 

existing wireless network ATE system and create the simulated 

environments and repeatable mobilized scenarios that were 

needed. The team was able to test network performance theo-

ries and adjust their base-station equipment and radios with 

ease. This reliable simulation also became the key to devel-

oping a new signal transmit/receive algorithm that allowed 

their technology to mature quickly and speed their integrated, 

mobile Wi-Fi solution to market.

CHARACTERISTICS TO LOOK FOR IN SELF-

PROGRAMMABLE RF TEST DEVICES

Ready to give programmable wireless testing a try? Keep 

these things in mind when choosing your preferred vendor:

• Continuity: That is, whether you’re operating a signal 

generator, phase shifter, attenuator, or switch singly or 

together, all adjustments you can make should be per-

formed almost identically. This makes everything from 

setup through operation far easier than if each user inter-

face (UI) was different.

• Configurability: Each time you configure, reconfigure, 

and control, you should be able to do so from a single 

interface, rather than through layers and layers of menus.

• Automatic identification: Once you connect the device to 

a laptop or PC, the software should automatically identify 

it and load the parameters (attenuation, phase, power, and 

sweep configuration) stored in the device.

• Intuitive settings: Any programmable RF test device 

worth its merit should also allow you to change settings on 

the fly to see the effect on your device under test (DUT), 

such as an amplifier on an evaluation board, or an IC, for 

example.

• A full suite of bandwidth choices: Look for companies 

who can be a resource for test sets across your many pos-

sible frequency bands. The adoption of a programmable 

approach will be quick, so you won’t want to source from 

multiple vendors with different GUIs.

• Optional high-performance features: To keep total ATE 

costs the lowest, look for a manufacturer that has designed 

both basic devices and more advanced high-performance 

models, so that you can be assured that you’ll only be buy-

ing the functions and performance levels you really need.

• Robust yet portable packaging: To achieve the reliable 

and repeatable performance, and the long-term durability 

required of mobile test systems, look for your portable test 

devices to be packaged in proven aluminum cast housings. 

They should also fit in the palm of your hand.

• Custom capabilities: Soon after you’ve hit your stride in 

configuring and reconfiguring test sets, you’re likely to rec-

ognize a pattern of common combinations of components. 

Look for a manufacturer who can integrate these functions 

into a chassis and deliver the ideal integrated unit for your 

application.  

REFERENCES:
https://vaunix.com/updates/tech-brief-describes-factors-of-testing-and-develop-
ment-of-your-mimo-systems/

https://vaunix.com/updates/fluidmesh-throws-a-lab-brick-at-speeding-trains-to-
solve-their-mobilized-wi-fi-handover-testing-challenge/
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I
n the consumer electronics 

world, you will often hear about 

watts,  power handling, and 

power output.  The terms are 

used interchangeably to refer to two 

values, that is, root mean square (RMS) 

and peak power rating. Power rating is 

among the essential factors that contrib-

ute to an ideal sound system. It is, there-

fore, important to know what these two 

values refer to whether you’re searching 

for speakers, amplifiers, or subwoofers.

When looking to build a high-per-

formance entertainment system, most 

people tend to shop for audio and sound 

equipment based on the one that has the 

highest power rating. However, this may 

prove difficult for starters who don’t 

understand the difference between RMS 

and peak watts. Also, some may choose 

to ignore the ratings and go for brands, 

but this will affect the final outcome in 

one way or another. 

So, if you’re going to spend your hard 

cash on a surround-sound speaker, sub-

woofer, or even an amplifier, you’ll need 

to have basic information on power rat-

ings. This comprehensive guide will help 

you understand these two values to assist 

in you assembling a decent sound system. 

Root mean square (RMS) and peak power ratings are basic power-handling terms. 
If you’re looking to build a high-performance entertainment system, you should 
understand exactly what they represent. 

What’s the Difference 
Between RMS and 
Peak Watts?

DAVID M. FOSTER | Head of Content, SpeakerChampion 
https://speakerchampion.com/

What’s the Difference?

(Continued on page 47)
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B
andpass filters are used 

in both wired and wire-

less  communicat ions 

systems, sensor applica-

tions, instrumentation, medical applica-

tions, and many others. When it comes 

to these types of applications, the goal 

is to pass signals of interest from point 

A to point B, while reducing noise and 

unwanted radiation from the signal 

source, other equipment, and the envi-

ronment. Often different bandpass fil-

ters can be combined in a switched filter 

bank (see figure) that integrate the filters 

and switches, thereby providing bet-

ter insertion loss, flatness, VSWR, and 

overall better performance of the device.

Such filters are used to transmit as well 

as receive in applications. For example, 

in a wireless transmit application, the fil-

ter is placed between the power amplifier 

and the antenna, ensuring that amplifier 

harmonics and out-of-band artifacts are 

significantly attenuated so that the trans-

mitter does not cause interference with 

other wireless channels.

Bandpass filters ideally allow signals 

between a lower frequency and an upper 

frequency to pass with very little loss, 

rejecting signals outside the two fre-

quencies’ range. The allowed range of 

frequencies is called the passband.

BANDPASS-FILTER PERFORMANCE

Filters are often designed with pub-

lished tables of numbers that are con-

verted into inductors and capacitors to 

achieve responses, including Chebyshev, 

Butterworth, Gaussian, and others. Fil-

ters can also be synthesized, a process 

that begins with an equation and results 

in a network of physical elements. 

The object of these exercises is 

always to determine inductance and 

capacitance values that achieve the 

passband and rejection criteria desired. 

Once the inductance and capacitance 

elements have been calculated, the 

theoretical performance of the filter is 

determined.

The seemingly ubiquitous bandpass filter plays an important role in reducing noise 
and radiation in an array of applications. Here’s a synopsis of the most popular 
options available.

Stuck in the Middle:
How to Choose Your 
Next Bandpass Filter

JAMES PRICE | VP of Engineering, Corry Micronics Inc. 
https://cormic.com/

Components

A switched filter bank incorporates multiple bandpass filters in a single package. (Source: 

Corry Micronics)
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Bandpass Filter

BANDPASS-FILTER CONSTRUCTION

Translating equations and specs to 

reality is, of course, often a challenge. 

A bandpass filter must be built so that 

it can:

• Handle the required power

• Fit within the allotted space

• Meet any other special criteria for 

its ultimate end use

• Remain on budget

Many different technologies are avail-

able for building the filter, and any given 

set of specifications can dictate a variety 

of ways of construction. Different filter 

elements and physical structures all have 

advantages and disadvantages that can 

be compared against the specific design 

criteria for your application.

CHOOSING THE BEST BANDPASS 

FILTER FOR YOUR APPLICATION

As with everything in this world, 

there are advantages, disadvantages, 

and tradeoffs that need to be con-

sidered and accounted for with each 

approach. So, how do you choose the 

proper technology for the job? Here’s a 

great example.

Suppose you need a 50-MHz band-

width bandpass filter centered around 1 

GHz and rejection of 50 dB at 200-MHz 

bandwidth (50-dB rejection at 900 MHz 

and below and at 1100 MHz and above). 

After consultation with readily avail-

able filter attenuation tables, you decide 

that a 5-pole filter design will do the job. 

This filter could be constructed with a 

variety of distributed or combination 

approaches, including:

• LC

• Cavity

• Comb

• Stripline, microstrip, or suspend-

ed stripline

• Ceramic coaxial

• Helical

All of these filters will achieve the 

desired passband-rejection response 

specified. They are all 5-pole filters, and 

any one of them will work. Ultimately, 

the choice of which filter type to choose 

will come down to system require-

ments and priorities. These priorities 

could include tradeoffs among insertion 

loss, power handling, size, weight, tem-

perature stability, ease of construction, 

cost, and other project parameters. Let’s 

examine the differences between these 

options.

UNDERSTANDING THE DIFFERENT 

TYPES OF BANDPASS FILTERS

Lumped-element or LC filters
Lumped-element, or LC, filters pro-

vide the desired frequency response 

using inductors and capacitors (Ls and 

Cs). LC filters are perhaps the most 

familiar filter type to most engineers. 

Many alternatives are available for cre-

ating LC filters. Broadly characterized 

as distributed element filters, they can 

be made and used in multiple different 

ways. Distributed filters use transmis-

sion lines, short circuits, open circuits, 

air gaps, and dielectric materials in 

place of lumped inductors or capaci-

tors. 

To further expand the possibilities 

for their use, inductors and capacitors 

can be utilized in combination with 

distributed elements to craft specific 

performance characteristics. Many fil-

ter tables and synthesis tools start out 

assuming lumped elements are to be 

employed. Inductors and capacitors are 

readily available and are an attractive 

choice for any application already using 

printed circuit boards.

• Insertion loss: Worst

• Filter size: Small 

• Power handling: < 10 W

• Typical Q: 50-200 

• Cost: Low

Cavity and comb filters
Cavity and comb filters both exploit 

distributed elements. They each use 

five rods that can be modeled as paral-

lel resonant LC circuits. Each filter is 

carefully constructed so that the elec-

tromagnetic field from one rod cou-

ples energy to the next rod to achieve 

the desired filter bandwidth. For the 

comb filter, the wider the bandwidth, 

the closer the rods must be spaced. For 

the cavity filter, the wider the band-

width, the larger the openings must be 

between the rods.

• Insertion loss: Best

• Filter size: Large

• Power handling: 100s of watts +

• Typical Q: 1000-5000 

• Cost: High

T
o further expand the possibilities for 
their use, inductors and capacitors 

can be utilized in combination with distributed 
elements to craft specific performance 
characteristics. Many filter tables and synthesis 
tools start out assuming lumped elements are 
to be employed. 
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Microstrip filter
Another distributed approach is the 

microstrip filter. The one shown here 

is a hairpin design consisting of five 

u-shaped traces of precise spacing and 

length.

• Insertion loss: Worst

• Filter size: Medium-small

• Power handling: < 10 W

• Typical Q: 100-200 

• Cost: Low to very low

Ceramic coaxial filter
The ceramic coaxial  f i lter  may 

seem perplexing at first. There are five 

ceramic resonators, each functioning 

as a miniature coaxial cable shorted on 

one end and open on the other. Each 

shorted resonator acts as a parallel res-

onant LC circuit just like the cavity and 

comb filters.

 Energy is coupled from one to the 

other using a silver-plated ceramic plate 

printed with capacitors. The size of each 

printed capacitor determines the ener-

gy coupled from one resonator to the 

next. This sets the filter bandwidth. The 

ceramic coaxial approach shown here 

is a combination distributed lumped 

approach as it uses both transmission 

lines and capacitors.

• Insertion loss: 3rd place

• Filter size: Small

• Power handling: up to 50 W

• Typical Q: 300-600 

• Cost: Low to mid-range

Helical filter
The helical filter is also a combination 

of lumped and distributed elements—it 

uses shorted inductors and electromag-

netic coupling from inductor to induc-

tor through air gaps.

• Insertion loss: 2nd place

• Filter size: Medium to large

• Power handling: up to 100 W

• Typical Q: 600-1000 

• Cost: High

INSERTION LOSS

If insertion loss is an important sys-

tem parameter, you should consider the 

possibilities of each filter. Each of these 

filter types can be analyzed for loss by 

looking at the quality factor, or “Q” of 

the elements that make up each filter. 

The higher the quality factor of the filter 

elements, the better the insertion loss of 

the filter.

LC filters are made up of inductors 

and capacitors, so those are the two Q 

factors you should consider. Inductor Q 

is typically much lower than capacitor 

Q and tends to drive the losses in LC 

filters. When glancing at datasheets for 

inductors, you will notice that Q is typi-

cally below 200. Ranges of 50 to 100 are 

actually very common.

Using these numbers as a basis for 

comparison and knowing the Q values 

of the other filter technologies, you can 

infer the relative insertion loss perfor-

mance.

Note that RC or RL resistor-capac-

itor- or resistor-inductor-based filters 

aren’t shown. They’re rarely used due 

to their increased insertion-loss char-

acteristics.

 

FILTER SIZE

Ultimately, if insertion loss is the over-

riding concern, cavity or comb would be 

the best filters for you. However, there’s 

a tradeoff between Q and size, which is 

the same as a tradeoff between inser-

tion loss and size. Distributed filters get 

smaller as the frequency increases. So, 

it’s important to be aware of the relative 

sizes of the 1-GHz filter our example is 

considering.

POWER HANDLING

Any of these filters will work just fine 

if the power levels going through the 

filter are relatively low (think just a few 

watts). If the power level will be on the 

higher side, you will definitely need to 

consider that when selecting your band-

pass filter. 

Among these filter candidates, the 

best for power transfer are the cavity 
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Bandpass Filter

and comb filters due to their ground-

ed metal enclosures. It’s hard to beat a 

grounded metal enclosure for power 

handling and heat dissipation. In addi-

tion, both cavity and comb filters have 

the lowest insertion loss. Filter types 

with higher insertion loss will dissipate 

more of the signal passing through the 

filter as heat. Lower Q components have 

higher resistive losses. Lower insertion 

loss will improve the power-handling 

ability of the filter.

COST

If economy is the driving factor in 

selection, microstrip and LC filters 

are the best choices. LC filters employ 

low-cost inductors and capacitors. 

Microstrip filters don’t use any compo-

nents, but they may be priced slightly 

higher due to their controlled dielectric 

laminate. These laminates are gener-

ally more expensive than standard FR-4 

PCBs. Next would be ceramic coaxial fil-

ters followed by helical, comb, and cav-

ity filters, the most expensive options.

VSWR

All of these filters can achieve any 

desired voltage standing-wave ratio 

(VSWR), but because VSWR is affected 

by stray capacitance, inductance, and 

other physical nuances, the best VSWRs 

are achieved when individual filter char-

acteristics can be adjusted. This is some-

what difficult with LC filters and near 

impossible with microstrip filters. In the 

case of LC filters, coils can be knifed, but 

variable capacitors are impractical most 

of the time. Similarly, ceramic coaxial 

resonators have a limited adjustment 

range.

The candidates for best VSWR per-

formance are the larger filters—the cav-

ity, comb, and helical. These all have 

built-in tuning adjustments and can 

achieve excellent VSWR performance 

by means of “tweaking” these adjust-

ments.  

JAMES PRICE received a BS in Electrical 
Engineering from West Virginia University, 
Morgantown, W.V. in 1983. From 1985 to 
1995, he was an engineer specializing in 
communications with RCA, which eventu-
ally became Lockheed-Martin in Camden, 
N.J. From 1995 through 2004, he designed 
CATV products for Tollgrade Communica-
tions, Cheswick, Pa. He’s currently VP of 
Engineering for Corry Micronics in Warren-
dale, Pa. His areas of focus include RF and 
microwave filters, multiplexers, switches, 
and antennas.

I
f economy is the driving factor in selection, microstrip and LC 
filters are the best choices. LC filters employ low-cost inductors 

and capacitors. Microstrip filters don’t use any components, but 
they may be priced slightly higher due to their controlled dielectric 
laminate. These laminates are generally more expensive than standard 
FR-4 PCBs. 
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A
t Maidstone Hospital, a 

leading hospital in the 

South East of England, 

providing general hos-

pital and specialist complex care services 

to over 600,000 patients simply weren’t 

enough. Armed with an additional ini-

tiative to reduce its carbon footprint by 

28% (by 2020 from a 2013 baseline) and 

cognizant on the importance and cost-

saving potential of energy conservation, 

Maidstone set forth to drastically reduce 

its energy consumption.

The first step in controlling its con-

sumption involved measurement—a 

daunting task as the hospital is a large 

site, spread over more than 2 million 

square feet. Though meters were already 

installed around the facility, only a few 

were connected to an automated data-

collection system that had proven unre-

liable. In addition, the vast majority of 

meters had to be manually read, which 

introduced errors and didn’t meet the 

needs of the on-site energy team. In 

short, installing cable would be disrup-

tive and expensive.

After exploring numerous options, 

including using metering that transmits 

data using the cellular mobile phone 

network (which ultimately would be too 

expensive and only offered data from 

the past day) the hospital decided to 

incorporate a solution that leverages the 

latest long-range, low-power wireless 

alternative: LoRaWAN.

LoRa, coined from “long range,” is a 

proprietary spread-spectrum modula-

tion for low-data-rate, low-power, and 

long-range wireless communication. 

It’s an alternative to other modulations 

that’s tailored for the unique require-

ments needed by the Internet of Things. 

LoRaWAN is the wide-area-network 

protocol specification for use with LoRa 

modulation and is designed for secure 

bidirectional communication, mobility, 

and localization services.

LoRaWAN SOLUTION

In considering possible solutions, 

Maidstone ultimately opted to work 

with Synetica Limited, providers of 

long-range wireless monitoring solu-

tions for energy, assets, and the envi-

ronment. Based in the U.K., Synetica’s 

EnLink consists of enLink Modbus, a 

LoRa wireless Modbus bridge; enLink 

Pulse, a LoRa wireless Pulse counter; 

and enLink Zone, a LoRa wireless envi-

ronmental sensor measuring tempera-

ture, humidity, volatile orgranic com-

pounds (VOCs), and CO2.

“The Synetica EnLink system was 

installed in a short space of time and 

with almost no disruption,” said Bar-

ry Leaf, Estates Manager at Maidstone 

Hospital. “Installations were carried out 

in a safe way. The operatives needed a 

minimum amount of permits to work 

and certainly no disruptive electrical 

isolations were required. What’s the best 

news? We now have a valuable insight 

into our energy consumption.” 

Pivotal to the enLink solution is 

MultiTech’s Conduit, a configurable, 

manageable, and scalable commu-

nications gateway for industrial IoT 

applications. Each Conduit gateway 

The availability of granular 
real-time data allows this 
hospital team to gauge 
how its energy-reduction 
programs are performing, 
helping ensure that targets 
are met on time.  

From Saving Lives to 
Leveraging IoT—This Smart 
Hospital Does It All

NEIL CAREY | Regional Sales Director, MultiTech Systems Inc. 
https://www.multitech.com/

Systems
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Smart Hospital

can manage thousands of LoRaWAN-

compliant devices, including Mul-

tiTech mDot modules (see figure) and 

other sensors, as well as transmit their 

data over any cellular network to a cus-

tomer’s preferred data-management 

platform. 

“Our decision to work with Multi-

Tech was based on its compatibility with 

LoRaWAN and its flexibility to support 

both cloud-based and on-premise net-

work architectures,” said Sean Williams, 

Director at Synetica. “MultiTech’s IoT 

gateway is durable enough for the harsh 

environments we encounter within pro-

duction sites and is technically advanced 

and stable. Another factor in our deci-

sion was the strong support system in 

place and our confidence in knowing 

that the MultiTech team was working in 

lockstep with us from the initial stage of 

proposal through customer implemen-

tation and maintenance.” 

“We were concerned that our electri-

cal energy requirements throughout our 

Maidstone Hospital site were not being 

recorded in a way to allow us to review 

our loading needs in different locations; 

the Synetica enLink system allows us to 

do this,” added Leaf. 

The hospital now has real-time data 

from over 100 meters across the site 

that allows for an instantaneous mea-

surement of energy impact and carbon 

reduction. All of this data is provided 

in fine detail, including the installation 

of LED lighting and optimizing the 

heating, ventilation and air condition-

ing (HVAC) plant and controls across 

the site. Additional meters were also 

required to provide in-depth data on the 

site’s consumption.

With the availability of granular real-

time data, the hospital team can gauge 

how its energy reduction programs are 

performing, which will help ensure 

that targets are met on time. Ultimately 

money is saved, allowing more funds 

and resources for its most important 

asset—its patients.  

BENEFITS AT A GLANCE  

Benefits derived from EnLink, which 

incorporated LoRaWAN, included: 

• Ultra-long wireless range: Made it 

possible to gather meter data from 

all areas of the site using just one 

wireless gateway, without the need 

for any wireless repeaters.

• Real-time data: Data is available in 

near real-time to support on-the-

spot decision making and alerting 

when excess consumption occurs.

• Interoperable: Synetica could link 

to the existing meters and send the 

data over the LoRaWAN network.

• Comprehensive data:  The new 

meters installed as part of the 

enLink system provided in-depth 

information on the electrical per-

formance of the site, not just energy 

consumption, such as currents, 

power quality, and power factor.

• Low cost of ownership: LoRaWAN 

wireless is license-free with no 

ongoing data charges.

“It’s been tremendously successful,” 

added Leaf. “Looking forward, we are 

considering using the network for other 

sensing requirements, including legionel-

la monitoring and air-quality measure-

ments. The possibilities are limitless.”  

MultiTech’s mDot module uses an Arm Mbed 

processor to provide LoRaWAN connectivity 

for M2M applications.
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What’s the Difference?

RMS WATTS EXPLAINED

Root mean square or simply RMS 

watts refers to continuous power han-

dling of a speaker or a subwoofer or how 

much continuous power an amplifier 

can output. RMS values are usually lower 

than peak watts ratings, but they repre-

sent what a unit is truly capable of han-

dling. Think of RMS power as the aver-

age power that a speaker can handle on a 

daily basis without compromising sound 

quality or experiencing any distortion.  

PEAK WATTS EXPLAINED

The peak power handling is the 

highest power level that a speaker or a 

subwoofer can handle in a short burst 

without blowing. The same holds for 

amplifiers as the absolute highest 

amount of power they can put out before 

failing or without resulting in distortion. 

We can think of peak watts as the 

number atop of your car’s speedometer. 

For example, you can drive for maybe 

180km/h, but you can’t sustain that 

speed for long without causing mechan-

ical or thermal damage to the car. In the 

same way, the peak power level can only 

be maintained for a fraction of a second, 

although there’s no clear definition of 

how long. 

If the unit is subjected to constant 

peak power, the wires may overheat, 

which could quickly damage the voice 

coils. 

RMS POWER vs. PEAK POWER

When shopping around, you’ll notice 

that some manufacturers rate their 

products’ power-handling capabilities 

using either the peak watts rating or 

RMS rating, while most use both values. 

For example, a unit can be rated at 150 

W while another brand may be adver-

tised at 75 W. 

At first glance, one might be tempted 

to think that the former is better because 

it’s rated at a higher power level than the 

latter. However, upon a closer look, you 

may notice that the first product is rated 

for peak watts while the second one is 

advertising RMS watts. Typically, a unit’s 

peak power handling is double the RMS 

power handling, which basically means 

that the above products are actually rat-

ed the same: 150 W peak/75 W RMS. 

Most audio equipment manufactur-

ers, though, prefer to stress more on the 

peak power rating to make the products 

look like they deliver more power than 

they’re capable of. While this may sound 

convincing, utilizing peak power not 

only disturbs your neighbors, but also 

makes your sound equipment depre-

ciate in value, requiring you to replace 

some parts or buy a new unit altogether. 

As such, if you want to your speaker to 

last for years, the figure to look out for 

is the RMS wattage, the power input 

at which you should be enjoying your 

music. 

However, when it comes to these 

technical details, don’t get confused 

by speaker power ratings and ampli-

fier specifications. Amplifiers generate 

power in an audio system, which is not 

the case with speakers and subwoofers. 

Therefore, speaker power ratings refer 

to the amount of power your speakers 

can handle from an amplifier. The speci-

fications on the amp, on the other hand, 

refer to how much power it can produce 

for maximum audio performance.  

CONCLUSION

Both RMS and peak watts play an 

important role in your sound system, 

and they’re vital when comparing your 

speakers with amplifiers or subwoofers. 

When matching speakers or subwoofers 

to amplifiers, you should compare either 

two RMS values or two peak ratings. 

Therefore, one should not get con-

fused when comparing peak and RMS 

ratings. This will ensure that you’ll get 

the best out of each component. If the 

power outputs aren’t correctly matched, 

the components can overheat and cre-

ate a couple of other issues. However, 

it’s important to stress that you should 

always use RMS ratings—not peak watt-

age—when matching and comparing 

gear.  

DAVID M. FOSTER is a passionate sound 
engineer with over 13 years’ experience 
in the sound industry. He is well-versed 
with all sound design and engineering 
aspects, and thus fits the crucial position 
of Head of Content at SpeakerChampion. 
He has a degree in Sound Engineering 
from American River College. Under the 
leadership of David M Foster, our ex-
perienced team of content developers 
provide extensive sound engineering 
skills and knowledge. David’s expertise 
ensures that all content is technically 
correct. His experience has also been in-
strumental in keeping SpeakerChampion 
at the forefront of noticing new develop-
ments in the sound industry.

(Continued from page 40)

B
oth RMS and peak watts play an important role in your sound 
system, and they’re vital when comparing your speakers with 

amplifiers or subwoofers. When matching speakers or subwoofers to 
amplifiers, you should compare either two RMS values or two peak ratings. 
Therefore, one should not get confused when comparing peak and RMS 
ratings.
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Identify Modulation for 
Communications and 
Radar Using Deep Learning
Signals can be extracted automatically using available frameworks and tools, or via 
alternate approaches, which can then be used to perform modulation classification 
with a deep-learning network. 

M
odulation iden-

t i f i c a t i o n  i s 

a n  i m p o r t a n t 

function for an 

intelligent receiver. It has numerous 

applications in cognitive radar, soft-

ware-defined radio, and efficient spec-

trum management. To identify both 

communications and radar waveforms, 

it’s necessary to classify them by modu-

lation type. For this, meaningful features 

can be input to a classifier.

While effective, this procedure can 

require extensive effort and domain 

knowledge to yield an accurate classifi-

cation. This article will explore a frame-

work to automatically extract time-

frequency features from signals. The 

features can be used to perform modula-

tion classification with a deep-learning 

network. Alternate techniques to feed 

signals to a deep-learning network will 

be reviewed.

To support this workflow, we will also 

describe a process to generate and label 

synthetic, channel-impaired waveforms. 

These generated waveforms will in turn 

provide the training data that can be 

used with a range of deep-learning net-

works. Finally, we will describe how to 

validate the resulting system with over-

the-air signals from software-defined 

radios (SDR) and radars. 

Figure 1 shows the workflow, which 

results in modulation identification and 

classification.

CHALLENGES OF MODULATION 

IDENTIFICATION

Modulation identification is challeng-

ing because of the range of waveforms 

that exist in any given frequency band. 

In addition to the crowded spectrum, 

the environment tends to be harsh in 

terms of propagation conditions and 

non-cooperative interference sources. 

When doing modulation identification, 

many questions arise including:

• How will these signals present 

themselves to the receiver? 

• How should unexpected sig-

nals, which haven’t been received 

before, be handled? 

• How do the signals interact/inter-

fere with each other? 

Machine- and deep-learning tech-

niques can be applied to help with mod-

ulation identification. To start, consider 

the tradeoff between the time required 

to manually extract features to train a 

machine-learning algorithm versus the 

large data sets required to train a deep-

learning network. 

Manually extracting features can 

take time and requires detailed knowl-

edge of the signals. On the other hand, 

deep-learning networks require large 

amounts of data for training purposes 

to ensure the best results. One benefit 

of using a deep-learning network is that 

less pre-processing work and manual 

feature extraction is needed.  

With the requirements for percep-

tion generally growing for autono-

mous driving and computer vision, 

great investments continue to be made 

on image- and vision-based learning. 

These investments can be leveraged by 

other signal-based applications such as 

radar and communications. This is true 

whether the data sets include raw data or 

pre-processed data.

In the examples described below, 

deep-learning networks perform the 

“heavy lifting” in terms of classifica-

tion, so the focus is on the best way to 

satisfy the data set requirements for 

training and validation. Data can be 

generated from fielded systems, but it 

can be challenging to collect and label 

this data. 
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Keeping track of waveforms and 

syncing transmit and receive systems 

results in large data sets that can be dif-

ficult to manage. It’s also a challenge to 

coordinate data sources that aren’t geo-

graphically co-located, including tests 

that span a wide range of conditions. 

In addition, labeling this data either as 

it’s collected or after the fact requires 

much work, because ground truth may 

not always be available or reliable.

Another option is to use synthetic 

data, because it can be much easier to 

generate, manage, and label. The ques-

tion is whether the fidelity of the syn-

thetic data is sufficient. In the use cases 

that follow, we will show that generat-

ing high-fidelity synthetic data is pos-

sible. 

SYNTHESIZING RADAR AND 

COMMUNICATIONS WAVEFORMS

In our first example, we classify radar 

and communications waveform types 

based on synthetic data. As previously 

noted, the occupied frequency spectrum 

is crowded and transmitting sources 

such as communications systems, radio, 

and navigation systems all compete for 

spectrum. To create a test scenario, the 

following waveforms are used:

• Rectangular

• Linear frequency modulation 

(LFM)

• Barker code

• Gaussian frequency shift keying 

(GFSK)

• Continuous phase frequency shift 

keying (CPFSK)

• Broadcast frequency modulation 

(B-FM)

• Double sideband amplitude mod-

ulation (DSB-AM)

• Single sideband amplitude modu-

lation (SSB-AM)

With these waveforms defined, func-

tions are used to programmatically gen-

erate 3,000 IQ signals for each modu-

lation type. Each signal has unique 

parameters and is augmented with vari-

ous impairments to increase the fidelity 

of the model. For each waveform, the 

pulse width and repetition frequency 

are randomly generated. For LFM wave-

forms, the sweep bandwidth and direc-

tion are randomly generated.

For Barker waveforms, the chip 

width and number are randomly gener-

ated. All signals are impaired with white 

Gaussian noise. In addition, a frequency 

offset with a random carrier frequency 

is applied to each signal. Finally, each 

signal is passed through a channel mod-

el. In this example, a multipath Rician 

fading channel is implemented, but oth-

er models could be used.

The data is labeled as it’s generated 

in preparation to feed the training net-

work.

FEATURE EXTRACTION USING 

TIME-FREQUENCY TECHNIQUES

To improve the classification perfor-

mance of learning algorithms, a com-

mon approach is to input extracted fea-

tures in place of the original signal data. 

The features provide a representation of 

the input data that makes it easier for a 

classification algorithm to discriminate 

across the classes.  

In practical applications, many sig-

nals are nonstationary. This means that 

their frequency-domain representation 

changes over time. One useful technique 

to extract features is the time-frequency 

transform, which results in an image 

that can be used as an input to the classi-

fication algorithm. The time-frequency 

transform helps to identify if a particu-

lar frequency component or intermit-

tent interference is present in the signal 

of interest. 

1. This modulation identification workflow with deep learning uses MATLAB. (© 1984–2019 The MathWorks, Inc.)
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Modulation Identification

Many automated techniques are 

available for time-frequency trans-

forms, including spectrogram and 

c ont i nu o u s  w av e l e t  t r a n s f or m s 

(CWT). However, we wil l  use the 

Wigner-Ville distribution (WVD) 

because it provides good spectral reso-

lution without leakage effects of other 

techniques. 

The Wigner-Ville distribution repre-

sents a time-frequency view of the origi-

nal data that’s useful for time-varying 

signals. The high resolution and local-

ity in both time and frequency provide 

good features for the identification of 

similar modulation types. We compute 

the smoothed pseudo WVD for each of 

the modulation types. This is because 

for signals with multiple frequency 

components, the WVD performance 

degrades due to cross terms. The down-

sampled images are shown in Figure 2 
for one set of data.

These images are used to train a deep 

convolutional neural network (CNN). 

From the data set,  the network is 

trained with 80% of the data and tested 

on 10%. The remaining 10% is used for 

validation.  

SET UP AND TRAIN THE DEEP-

LEARNING NETWORK

Before the deep-learning network 

can be trained, the network archi-

tecture must be defined. The results 

for this example were obtained using 

transfer learning with AlexNet, which 

is a deep CNN created for image clas-

sification. Transfer learning is the pro-

cess of retraining an existing neural 

network to classify new targets. This 

network accepts image inputs of size 

227-by-227-by-3. AlexNet performs 

classification of 1,000 categories in 

its default configuration. To tune 

AlexNet for this data set, we modify 

the final three classification layers so 

that they classify only our eight modu-

lation types. This workflow also can 

be accomplished with other networks 

such as SqueezeNet.

Once the CNN is created, training 

can begin. Due to the data set’s large 

size, it may be best to accelerate the 

work with either a GPU or multicore 

processor. Figure 3 shows the training 

progress as a function of time using a 

GPU to accelerate the training. Train-

ing progress is expressed as accuracy as 

a function of the number of iterations. 

The validation accuracy is over 97% 

after epoch 5.

EVALUATING THE PERFORMANCE 

Recall that we saved 10% of the gener-

ated data for testing. For the eight mod-

ulation types input to the network, over 

99% of B-FM, CPFSK, GFSK, Barker, 

Rectangular, and LFM modulation types 

were correctly classified. On average, 

over 85% of AM signals were correctly 

identified. From the confusion matrix, 

a high percentage of DSB-AM signals 

were misclassified as SSB-AM and SSB-

AM as DSB-AM (Fig. 4).

2. Time-frequency 

representations of radar and 

communications waveforms. (© 

1984–2019 The MathWorks, Inc.)

T
he Wigner-
Ville 

distribution 
represents a time-
frequency view of 
the original data 
that’s useful for time-
varying signals. 
The high resolution 
and locality in 
both time and 
frequency provide 
good features for 
the identification of 
similar modulation 
types.
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The framework for this workflow 

enables the investigation of the misclas-

sifications to gain insight into the net-

work’s learning process. Since DSB-AM 

and SSB-AM signals have a very similar 

signature, this explains in part the net-

work’s difficulty in correctly classifying 

these two types. Further signal process-

ing such as the CWT could make the 

differences between these two modula-

tion types clearer to the network and 

result in improved classification. Spe-

cifically, the CWT offers better multi-

resolution analysis, which provides the 

network with better information related 

to abrupt changes in the frequency of 

the signals.

This example showed how radar and 

communications modulation types can 

be classified by using time-frequency 

signal-processing techniques and a 

deep-learning network. In the second 

example, we will look at other tech-

niques to input data into the network. 

Furthermore, we will use data from a 

radio for the test phase.

ALTERNATE APPROACHES 

For our second approach, we generate 

a different data set to work with. The data 

set includes the following 11 modulation 

types (eight digital and three analog):

• Binary phase-shift keying (BPSK)

• Quadrature phase-shift keying 

(QPSK)

• 8-ary phase-shift keying (8-PSK)

• 16-ary quadrature amplitude 

modulation (16-QAM)

• 64-ary quadrature amplitude 

modulation (64-QAM)

• 4-ary pulse amplitude modulation 

(PAM4)

• Gaussian frequency-shift keying 

(GFSK)

• Continuous phase frequency-shift 

keying (CPFSK)

• Broadcast FM (B-FM)

• Double-sideband amplitude 

modulation (DSB-AM)

• Single-sideband amplitude modu-

lation (SSB-AM)

3. A GPU is used to accelerate the training process. (© 1984–2019 The MathWorks, Inc.)

4. The confusion matrix reveals the results of the classification. 

(© 1984–2019 The MathWorks, Inc.)

5. The distribution of labeled data is set by waveform type.

(© 1984–2019 The MathWorks, Inc.)
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Modulation Identification

6. Shown are examples of time representation of generated waveforms (left) and corresponding time-frequency representations (right).  

(© 1984–2019 The MathWorks, Inc.)

In this example, we generate 10,000 

frames for each modulation type. 

Again, 80% of the data is used for 

training, 10% is used for validation, 

and 10% is used for testing as shown 

in Figure 5.
For digital modulation types, eight 

samples are used to represent a sym-

bol. The network makes each decision 

based on single frames rather than on 

multiple consecutive frames. Simi-

lar to our first example, each signal is 

passed through a channel with addi-

tive white Gaussian noise (AWGN), 

Rician multipath fading, and a random 

clock offset. We then generate channel-

impaired frames for each modulation 

type and store the frames with their 

corresponding labels. 

To make the scenario more realistic, a 

random number of samples are removed 

from the beginning of each frame to 

remove transients and to make sure that 

the frames have a random starting point 

with respect to the symbol boundaries. 

The time and time-frequency represen-

tations of each waveform type are shown 

in Figure 6.

7. Results with I/Q components are 

represented as rows (top) and as pages 

(bottom).  (© 1984–2019 The MathWorks, Inc.)
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TRAIN THE CNN AND EVALUATE 

THE RESULTS

For this example, a CNN that consists 

of six convolution layers and one fully 

connected layer is used. Each convolu-

tion layer except the last is followed by 

a batch normalization layer, rectified-

linear-unit (ReLU) activation layer, 

and max pooling layer. In the last con-

volution layer, the max pooling layer is 

replaced with an average pooling layer. 

To train the network, a GPU is used to 

accelerate the process. 

In the previous example, we trans-

formed each of the signals to an image. 

For this example, we look at an alternate 

approach where the I/Q baseband sam-

ples are used directly without further 

preprocessing. 

To do this, we can use the I/Q base-

band samples in rows as part of a 2D 

array. In this case, the convolutional 

layers process in-phase and quadrature 

components independently. Only in 

the fully connected layer is information 

from the in-phase and quadrature com-

ponents combined. This yields a 90% 

accuracy.

A variant on this approach is to use 

the I/Q samples as a 3D array where the 

in-phase and quadrature components 

are part of the third dimension (pages). 

This approach mixes the information 

in the I and Q evenly in the convolu-

tional layers and makes better use of the 

phase information. The variant yields 

a result with more than 95% accuracy. 

Representing I/Q components as pages 

instead of rows can improve the net-

work’s accuracy by about 5%.

As the confusion matrix in Figure 7 
shows, representing I/Q components 

as pages instead of rows dramatically 

increases the ability of the network to 

accurately differentiate 16-QAM and 

64-QAM frames and QPSK and 8-PSK 

frames.

TESTING WITH SDR

In the first example we described 

(with radar and communications sig-

nals), we tested the trained network 

using only synthesized data. For the 

second example, we use over-the-air 

signals generated from two ADALM-

PLUTO radios that are stationary and 

configured on a desktop (Fig. 8). The 

network achieves 99% overall accuracy. 

This is better than the results obtained 

for synthetic data because of the simple 

configuration. In addition, the work-

flow can be extended for radar and 

radio data collected in more realistic 

scenarios.

SUMMARY

Frameworks and tools exist to auto-

matically extract time-frequency fea-

tures from signals. These features can 

be used to perform modulation classi-

fication with a deep-learning network. 

Alternate techniques to feed signals to 

a deep-learning network are also pos-

sible.

It’s possible to generate and label syn-

thetic, channel-impaired waveforms 

that can augment or replace live data 

for training purposes. These types of 

systems can be validated with over-the-

air signals from software-defined radios 

and radars.  

8. The SDR configuration uses ADALM-PLUTO 

radios (left). Also shown is a corresponding 

confusion matrix (right).  (© 1984–2019 The 

MathWorks, Inc.)

F
rameworks 
and tools 

exist to automatically 
extract time-
frequency features 
from signals. These 
features can be used 
to perform modulation 
classification with 
a deep-learning 
network. 
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Latest 12G MCX Connectors Boost Frequency Capability

THE NEWEST MEMBER in Amphenol’s 12G line is an enhanced 75-Ω MCX 
connector. The connectors can support data rates up to 12 Gb/s and are marketed 
toward the 4K and Ultra HD broadcast applications. However, the connectors can 
be used wherever a high-speed signal connection is needed. Operating frequency 
range includes dc through 12 GHz with a spec’d return loss of 20 dB up to 6 GHz 
and 15 dB guaranteed up to 12 GHz. The connectors are rated to operate over 
temperature ranges from −65 to +165°C. Although MCX connectors are larger than 
MMCX and lower-profile options such as IPEX, they offer a more rigid and durable 
connection for cables. 

AMPHENOL CORP., 358 Hall Ave., Wallingford, CT 06492; (203) 265-8900;  
www.amphenol.com

New Products

BPSK Transmitter Module Supports 600- to 9,600-Bit/s 
Data Rates

THE CMX7146 FROM CML MICROCIRCUITS is an integrated 
Tx module for use with binary phase-shift keying (BPSK) and 
differential BPSK modulation systems. The chip is able to generate 
in-phase and quadrature baseband signal outputs, which can then 
be used by the designer to upconvert to an RF carrier frequency 
most suitable for the application. Data rates supported include 
600/1200/2400/3600/4800/9600 bits/s. The data input supports raw 
bits as well as preloaded messages with a transmit trigger for precise 
transmit timing options. A power-amplifier ramping DAC also can be 
used to create transmission bursts with up to 13 bytes per burst. The part comes in a 48-pin QFN package and is 
configured through an SPI interface. Furthermore, it is low power, consuming 7 mA with a 1200-bit/s data output and 
15 mA with a 9600-bit/s output. 

CML MICROCIRCUITS LTD.,  Oval Park, Langford, Maldon, Essex, CM9 6WG, England; phone: +44 (0)1621 875500; 
www.cmlmicro.com

Interference Generator Delivers LBT Test for LoRaWAN

THE LATEST TEST EQUIPMENT coming from RedwoodComm 
includes an interference generator for Listen Before Talk (LBT) 
features for LoRaWAN. LBT is important to provide reliable 
communication links between devices and prevent collisions and 
interference from devices communicating in the same frequency 
bands. In general, devices will enter an Rx mode to determine if 
signals are present before trying to communicate on channels. 
The RWC2020A allows for testing of LBT by generating up to 
eight interfering CW signals with high spectral quality. In addition, 
two tones of up 20-MHz separation can be generated for 

intermodulation immunity testing. Frequency coverage is available from 400 to 1000 MHz with a resolution of 100 Hz. 
Furthermore, output level can be varied from −100 to −10 dBm with ±1 dB of accuracy. Single-tone phase noise is 
listed as: −103 dBc @ 1 kHz; −110 dBc @ 10 kHz; −110 dBc @ 100 kHz; and −138 dBc @ 1 MHz. 

REDWOODCOMM,  #14008, Section, SK M-City Tower, 195, Baengma-ro, Ilsandong-gu, Goyang-si, Gyeonggi-do, 
Korea; phone: +82-70-7727-7011; www.redwoodcomm.com
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