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The Most Important Piece of your DAS System...

Microlab Certified Products.

Microlab certified products offer superior quality, low-
maintenance and deliver optimal signal coverage for DAS 
Systems – both Indoor and Outdoor. Even in the most challenging 
environments, you can expect Microlab’s low loss components 
to dramatically reduce loss and provide strong, clean signals.  
Stay on time and on budget with immediate availability of 
our off-the-shelf components. You can also take advantage 
of complete turn-key systems which provide the highest 
reliability and minimal in-field installation time.

 
•  Indoor & Outdoor DAS
•  Off-the-Shelf
•  Customization 
•  Compact Design
•  Low Loss & Low PIM

For more information about Microlab certified products or if 
you need to speak to us about customized components and 
services please contact us at www.microlab.fxr.com or call  
+1 (973) 386-9696.
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The Industry’s Largest Selection includes THOUSANDS  
of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial, 

flat-pack, surface-mount and rack-mount housings for 50 and 75 Ω systems.
From 2-way through 48-way designs, with 0°, 90°, or 180° 

phase configurations, Mini-Circuits power splitters/combiners  offer 
outstanding performance for insertion loss, isolation, and VSWR. 

Decades of experience with multiple technologies make it all possible, from 
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters, 
outline drawings, PCB layouts, and everything else you need to make a decision 

quickly, at minicircuits.com. Just enter your requirements, and our patented search 
engine, Yoni 2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock, 
continuously replenished, and backed by our 1-year guarantee. We even list 

current stock quantities and real-time availability, as well as pricing, to 
help our customers plan ahead and make quick decisions. 

So why wait? Take a look at minicircuits.com today! 
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RoHS Compliant 
Product availability is listed on our website. 

Mini-Circuits®
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REACH OUT TO US

At Richardson RFPD, we combine our 
award-winning design support resources with 
the latest Gallium Nitride products from the 
world’s leading suppliers, including MACOM, 
Microsemi, Nitronex, TriQuint and UMS.

E N A B L I N G   N E X T   G E N E R A T I O N   A P P L I C A T I O N S

FOR THE LATEST
GaN PRODUCTS

Your Global Source for 
RF, Wireless & Energy Technologies

www.richardsonrfpd.com  |  800.737.6937  |  630.208.2700

Our Avionics & Radar Tech Hub features all the latest 
GaN products, along with selector guides, white papers and 
transistor lineups—everything you need to help you with 
component selection for your application.

T R E N D I N G  N O W: 
O U R  A V I O N I C S &  R A D A R  T E C H  H U B
www.richardsonrfpd.com/avionics-and-radar
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     Most Valuable Product

AnalystTM, AWR’s full 3D electromagnetic 
(EM) finite element method (FEM) simu-
lator, offers a user-customizable library 

of parts as well as new antenna capabilities with-
in its second major release that’s encompassed 
within the V11 release of the AWR Design Envi-
ronmentTM. In particular, 3D PCells (parameter-
ized cells) are the backbone for bringing user-
customizable library parts to the engineering 
desktop. PCells have been added, making it easy 
for designers to develop and use fully customiz-
able parts, which, once created, can be deployed 
multiple times across multiple users thereby en-
suring maximum flexibility, engineering produc-
tivity and reuse.

As well as configurable PCells, the V11 
release of Analyst has a number of new ad-
ditions that aid in antenna analysis, including 
field patterns and standard measurements of 
interest to the antenna engineer. Other im-
provements include a connectivity viewer, ad-
ditional example design projects, and more 
than a dozen pre-configured 3D PCells for 
structures ranging from gull-wing packages to 
capacitors, coaxial cables and air coils. (Note: 
The key features introduced in the first ver-
sion of Analyst (AWR Design Environment 
V10.x) are detailed in a December 2013 Mi-
crowave Journal article.

V11 Completes AnAlyst IntegrAtIon Into 
mICrowAVe offICe

The idea for Analyst sprang from the de-
sign community’s need for 3D EM simulation 
to be completely integrated within a circuit 
simulation environment and thereby alleviate 
the nuances associated with the manual in-
teraction and cumbersome duplication of ef-
forts associated with disparate EM point tools 
being manipulated to fit within a circuit de-
sign flow/framework. In the V10 release, Ana-
lyst was introduced into Microwave Office®, 
AWR’s circuit design software. The designer 
could create designs using the already-available 
2D-extrusion editor and include pre-defined 
PCells for the most common of 3D intercon-
nect like bond wires, BGA balls, tapered vias 
and grounding straps. In addition, finite extent 
dielectrics and holes and voids in dielectric lay-
ers could be created. The focus was on making 
Analyst as transparent as possible for micro-
wave engineers to use in the design of circuits 
ranging from MMICs to MICs to RF PCBs and 
to microwave modules. In fact, any designer al-
ready familiar with AWR’s AXIEM® 3D planar 
EM solver could immediately access and use 
Analyst and readily grow more proficient after 
grasping the addition of expanded boundary 
condition options and port settings.
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Analyst V11 offers 
User-Customizable 
library
AWR, A National Instruments Company
El Segundo, CA
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condition options and port settings.
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Finally speed, certainty and 
longevity converge.

Download Accelerate RF Power Amp Test app note now!
www.agilent.com/find/RF-PXI-VSA

No other RF test solution comes close in measurement continuity from 
R&D to manufacturing.  
The NEW Agilent M9391A PXIe Vector Signal Analyzer with X-Series 
measurement applications for modular instruments provide full support 
of your critical cellular and wireless standards. The PXI hardware provides 
industry-recognized Agilent measurement accuracy. It’s easily upgradeable 
by software for future requirements. 

Be ready for RF testing today and tomorrow.

u.s. 1-800-829-4444   canada: 1-877-894-4414   

TTTTTTDDDDDD-SSSSSSCCCCCCCCCCCCDDDDDMMMMMMMMMMMMMMMMMAAAAAAAAAAAAA/////////////////HHHHHHHHHHHHHHHSSSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPPAAAAAAAAAAAAAA

11xxEEVVVV-DDDOOO

LLLLLLLLLTTTTTTTTTTTTTTTTTTTTEEEEEEEEEEEEEEEEEEEEEEEEEE FFFFDDDDDDDD

8888888888880000002.11 WWWWLAN
WWWW--CCDDMMAA////HHHHHHHHHHHSSSSSSSSSSSSSSSSPPPPPPPPPPPPPPAAAAAAAAAAA///////HHSSSPPA+++

GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM/////////////////////////////////////////////////////////////////////EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE/////////////////////////////////////////////EEDGEEEEE Evvvvvvvvvvvvooooooooooooo

CCCCCCCCCCCCCDDDDDDDDDDMMMMMMMMMMAA2222222222200000000/cdmaOnnne

© Agilent Technologies, Inc. 2013

Scan page 
using           app

35

Galileo Works and Works Well

The in-orbit validation of Galileo has been achieved: 
Europe now has the operational nucleus of its own 
satellite navigation constellation in place – the world’s 

fi rst civil-owned and operated satnav system.
In 2011 and 2012 the fi rst four satellites were launched 

into orbit. In the following year, these satellites were com-
bined with a growing global ground infrastructure to allow the 
project to undergo its crucial In-Orbit Validation (IOV) phase. 

On 12 March 2013, Galileo’s space and ground infra-
structure came together for the very fi rst time to perform 
the historic fi rst determination of a ground location, tak-
ing place at ESA’s Navigation Laboratory in the ESTEC 
technical centre, in Noordwijk, the Netherlands. From 
this point, generation of navigation messages enabled full 
testing of the entire Galileo system. A wide variety of tests 
followed, carried out all across Europe. As a result, the en-
tire self-suffi cient system has been shown to be capable of 
performing positioning fi xes across the planet.

Following this success, the build-up of the Galileo sys-
tem can proceed to place the remaining satellites into or-
bit and deploying further ground stations. The next two 

Galileo ‘Full Operational 
Capability’ satellites are 
currently at ESTEC, com-
pleting their testing to be 
cleared for fl ight. Over the 
course of 2014, six more 
satellites are planned to 
join the existing four in 

three separate Soyuz launches, with Galileo’s initial ser-
vices scheduled to start by the end of 2014.

 “Europe has proven with IOV that in terms of perfor-
mance we are at a par with the best international systems 
of navigation in the world,” commented Didier Faivre, 
ESA director of Galileo and navigation-related activities.

QinetiQ Awarded UK MoD CSIIS Research 
Contract 

QinetiQ has been awarded an initial three year contract 
to provide research in Command Control, Commu-
nications, Computing, Intelligence, Surveillance and 

Reconnaissance (C4ISR) Secure Information Infrastruc-
ture and Services (CSIIS) to the UK’s Defence Science and 
Technology Laboratory (Dstl), a trading fund of the MoD 
which maximises the impact of science and technology for 
UK defence and security.

CSIIS research forms a major component of C4ISR 
research. Dr. Jeremy Ward, the MD of QinetiQ C4ISR 
said, “We are delighted to be working in partnership with 
Dstl on this important programme to realize the potential 
benefi ts from novel technology to our front line forces. We 
will build upon our established track record to provide a 
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research capability drawn from across a wide supply base 
that is tuned to the varied and evolving needs of the MoD 
C4ISR customer.”

The programme will primarily focus on research into 
Network Services, Communications, Information Assur-
ance; and Information Management and Information 
Exploitation in relation to 
their impact upon Net-
works. QinetiQ will also 
identify and subsequently 
manage suppliers, contrac-
tors, information providers 
and subject matter experts 
who will provide a valuable 
contribution to deliver the 
research.

The QinetiQ-led team comprises over 50 suppliers with 
representation from academia, small to medium enter-
prises (SMEs), technology providers and system primes. 
The team is supported by a steering group which has mem-
bers from BAE Systems Advanced Technology Centre, 
Chemring Technology Solutions, Airbus Defence & Space, 
Exelis Defence, General Dynamics (UK), HP Enterprise 
Services and IBM as well as Dstl.

EDA and ESA Achieve DeSIREd Cooperation

The European Defence Agency (EDA) and European 
Space Agency (ESA) have agreed to pursue their co-
operation in the domain of Remotely Piloted Aircraft 

Systems (RPAS) with the signature of the DeSIRE II Proj-
ect Arrangement. 

This cooperation is the 
result of the successful De-
SIRE I project carried out 
in 2012 and 2013, through 
which EDA and ESA dem-
onstrated the use of satel-
lites enabling the insertion of RPAS in Europe. This project 
effectively demonstrated that RPAS complemented by satel-
lites can be safely inserted in non-segregated airspace and 
thus fulfi l user needs in maritime surveillance services. 

Go to mwjournal.com for more international news items

InternationalReport
Richard Mumford, International Editor

“…fulfi l user 
needs in maritime 

surveillance services.”

For More
Information

Dstl … maximises 
the impact of science 
and technology for UK 
defence and security.

[Galileo is] the world’s 
fi rst civil-owned and 
operated satnav 
system.
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the arctic. Now people spread over thousands of square 
miles could have access to more secure, reliable commu-
nications. During company-funded tests, MUOS voice and 
data signals reached much farther north than previously 
thought, just 30 miles and 0.5 degrees of latitude shy of the 
North Pole.

A team demonstrated Wideband Code Division Mul-
tiple Access (WCDMA) capability using three different 
radios as far north as 89.5 
degrees, under peak orbit 
conditions. This inherent 
voice and data access is 
well beyond the 65-de-
gree system requirement.

The additional cover-
age comes at a time when 
demand is surging for de-
pendable polar communi-
cations. “As the arctic becomes more accessible, the U.S. 
and its allies need reliable communications to maintain a 
safe and secure presence,” said Paul Scearce, director of 
Military Space Advanced Programs at Lockheed Martin. 
“Demand for consistent voice and data services will only 
increase. The area is experiencing more shipping, tourism 
and natural resource exploration, which will also likely in-
crease demands for search and rescue.”

The demonstrations show MUOS has an advantage 
over legacy satellite communications. “This joint testing 
gave us important system operation data at extreme con-
ditions,” said Dr. Amy Sun, Narrowband Advanced Pro-
grams lead at Lockheed Martin. “We did these evaluations 
to explore growing arctic communication demand, yet it 
also highlighted the dramatic capability improvements 
the WCDMA architecture will provide. Using MUOS, we 
were able communicate from the aircraft at high latitudes, 
which wasn’t the case for the legacy Ultra High Frequency 
signal.” 

Harris Receives $18M for Falcon III 
Wideband Tactical Radios from U.S. Special 
Operations Command

USSOCOM is acquiring more Falcon III AN/PRC-
117G and AN/PRC-152A radios as it expands de-
ployment of a SOCOM-accredited wideband tactical 

communications network. The network enables operators 
to send and receive tactical voice, video and data, result-
ing in enhanced situational awareness and intelligence, 
surveillance and reconnaissance (ISR). In addition to ad-
vanced wideband data networking, the AN/PRC-117G and 
AN/PRC-152A provide users with interoperability through 
legacy narrowband waveforms.

“Harris Falcon III wideband radio systems are deliv-
ering the tactical Internet to the battlefield,” said George 
Helm, president, Department of Defense business unit, 
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DefenseNews
Cliff Drubin, Associate Technical Editor

Go to mwjournal.com for more defense news itemsFor More
Information

U.S. Army and LM Complete Advanced 
Autonomous Convoy Demo

The U.S. Army Tank-Automotive Research, Develop-
ment and Engineering Center (TARDEC) and Lock-
heed Martin have demonstrated the ability of fully au-

tonomous convoys to operate in urban environments with 
multiple vehicles of different models.

The January demonstration at Fort Hood, TX was part of 
the Army and Marine Corps’ Autonomous Mobility Appli-
qué System (AMAS) program, and marked the completion 
of the program’s Capabilities Advancement Demonstration 
(CAD). The test involved driverless tactical vehicles navi-
gating hazards and obstacles such as road intersections, 
oncoming traffic, stalled and passing vehicles, pedestrians 
and traffic circles in both urban and rural test areas.

 “The AMAS CAD hardware and software performed 

“We are very pleased 
with the results of the 
demonstration, because 
it adds substantial 
weight to the Army’s 
determination to get 
robotic systems into 
the hands of the 
warfighter.”

 exactly as designed, and 
dealt successfully with all 
of the real-world obstacles 
that a real-world convoy 
would encounter,” said 
David Simon, AMAS pro-
gram manager for Lock-
heed Martin Missiles and 
Fire Control.

The AMAS hardware 
and software are designed 
to automate the driving 
task on current tactical 
vehicles. The Unmanned 
Mission Module part of 
AMAS, which includes a 
high performance LIDAR 

sensor, a second GPS receiver and additional algorithms, is 
installed as a kit and can be used on virtually any military 
vehicle. In the CAD demonstration, the kit was integrated 
onto the Army’s M915 trucks and the Palletized Loading 
System (PLS) vehicle.

“It was very important that we had representation from 
the technology, acquisition and user bases, along with our 
industry partners, here at the CAD,” said TARDEC tech-
nical manager Bernard Theisen. “We are very pleased with 
the results of the demonstration, because it adds substan-
tial weight to the Army’s determination to get robotic sys-
tems into the hands of the warfighter.” 

Lockheed Martin MUOS Satellite 
Tests Show Extensive Reach in Polar 
Communications Capability

L ockheed Martin recently demonstrated that the U.S. 
Navy’s Mobile User Objective System (MUOS) sat-
ellites may help solve communication challenges in 

“As the arctic 
becomes more 

accessible, the U.S. and 
its allies need reliable 

communications…”
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GaN Portfolio Arms
Modern Battlefield

Expanding transistor family enables next-generation, 
integrated radar and communications systems

Our growing GaN portfolio includes 5w-90w 
transistors in DFN and SOT-89 plastic packaging, 
1000 w ceramic packages and L-, S-band fully 
matched modules.

We offer dual sourcing for the surety of supply 
to enable mainstream adoption of this break-
through GaN technology.

Order samples and get more information at 
www.macomtech.com/gan

Ceramic Flanged & Flangeless

14x24 Plastic SMD

3x6 DFN Surface Mount

2.5x4.5 SOT-89

MACOM GaN transistors improve upon the 
high-power handling and voltage operation of 
LDMOS with the high-frequency performance 
of GaAs. Improved efficiency, density and band-
width give your applications greater power in a 
smaller footprint.

Leveraging deep experience in RF, MACOM 
engineers are expanding our power transistor 
family to fuel the future of military and com-
mercial radar. These rugged devices deliver 
greater flexibility and multi-function capability 
in your radar communications. 

Watts    10    50        100                     200                         500      600  1000*
         
                        *In Development
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Next month, Microwave Jour-
nal and parent company 
Horizon House will host the 

second annual Electronic Design In-
novation Conference (EDI CON) in 
Beijing, China. Throughout the year, 
we have been keeping our readers up 
to date on its developments as related 
news unfolded, from the announce-
ment of major sponsors to the creation 
of special expert panels and the emer-
gence of notable technical themes 
among the accepted papers. With a 
month left before the event, we have 
a clear sense of what the conversation 
in Beijing will focus on and who will 
be delivering that message. 

Starting with the welcome key-
note by Chairman Dr. Junde Song of 
the Beijing University of Posts and 
Telecommunications, delegates will 
hear directly from this influential 
government advisor as he presents 
China’s six major initiatives defining 
the country’s internal information and 
communication technology direction. 
Dr. Song has published over a dozen 
books along with nearly 200 techni-
cal papers in English and Chinese on 
mobile communications and the In-
ternet, the future of communications, 
CTI/CRM and the VLSI CAD field. 
Leveraging his current research in 
mobile internet technology, Dr. Song 
will also introduce the development of 
CAD EDA in China and the demand 
and cultivation of engineering talents 
on behalf of universities and industry.

Further in the plenary session, the 
development of 5G systems will be a 
topic considered by several keynote 
speakers including Corbett Rowell, 
director of R&D at China Mobile 
Research Institute, James Kimery, di-
rector of marketing, National Instru-
ments (see his article – The Path to 
5G in this past January’s Microwave 

Journal) and Josef Wolf, manager 
of Rohde & Schwarz Spectrum and 
Network Analyzer Division. Trends in 
future telecommunications from the 
perspective of evolving test solutions 
will be presented by Mario Narduzzi, 
marketing manager for Agilent Tech-
nologies’ modular solutions. Narduzzi 
will offer key insights into how core 
technologies inside next generation 
test instruments are redefining mea-
surement speed, accuracy and the 
ability to address increasingly complex 
RF/digital characterization for R&D 
and production – the theme of this 
month’s cover story. As Agilent’s for-
mer manager for its China operations, 
Narduzzi will be able to provide his 
insight into modular test solutions in 
the context of China’s high-frequency 
electronic design market needs.

Last year, our goal was to demon-
strate that the microwave community 
was ready and willing to support an 
industry-driven conference and exhibi-
tion in an emerging market. With the 
success of the inaugural event, partici-
pating companies proved they can cre-
ate and present content that working 
engineers are hungry for. In this issue, 
we have published this year’s three-day 
technical conference and workshop 
schedule to give our global readership 
a sense of what that content looks like. 
Although these papers target an audi-
ence in Beijing, the technology being 
presented would be equally welcome 
in Tampa, FL at IMS or at European 
Microwave Week in Rome, Italy.

This brings me to the tribe. A tribe is 
defined as any aggregate of people unit-
ed by ties of descent from a common 
ancestor, a community of customs and 
traditions with adherence to common 
leaders. In the United States, the micro-
wave tribe traces back to the engineers 
and scientists who gathered at MIT’s 
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Radiation Labs in the 1940s to develop 
RADAR technology. The European 
microwave tribe has roots back to early 
theorists such as Maxwell and Hertz 
and more recently to organizations such 
as the CEPT and GSM. Universally, 
our “customs” are defined by classical 
microwave theory, our “traditions” are 
chronicled in the trade magazines we 
read and contribute to and the confer-
ences we attend. Our thought leaders 
are those who advance the state of mi-
crowave technology in ways that earn 
our collective respect and admiration. 

Everyone who regularly attends 
conferences and industry trade events 
throughout the year (year after year) 
experiences the pleasure of engaging 
with members of our tribe. I certainly 
enjoy seeing industry folks and for-
mer colleagues at IMS each year and 
I have become increasingly familiar 
with our European counterparts since 
attending EuMW regularly. I know 
an important microwave happening 
is near when I start recognizing faces 
at the airport baggage claim, taxi line, 
hotel lobby, etc. Such encounters pro-
vide a reassuring counterbalance to 
the unease of being on unfamiliar turf. 

At last year’s EDI CON, I took real 
pleasure in seeing members of our mi-
crowave tribe venturing to Beijing to 
represent their companies from Eu-
rope and the U.S. Adding to this great 
group of people, I have begun to rec-
ognize a few members of the Chinese 
microwave community thanks to mul-
tiple country visits in my role as editor 
for Microwave Journal China. While 
the entire global tribe of microwave 
engineers may not speak the same lan-
guage, I am encouraged that together 
we all speak the language of MMICs, 
MIMO and Maxwell. I look forward 
to seeing many of you in Beijing and 
wherever else our paths might cross. ■

The Promise of the Tribe
David Vye, Microwave Journal Editor

Scan page 
using           app

speakers including Corbett Rowell, 
director of R&D at China Mobile 
Research Institute, James Kimery, di-
rector of marketing, National Instru-
ments (see his article – The Path to 

Microwave 

ed by ties of descent from a common 
ancestor, a community of customs and 
traditions with adherence to common 
leaders. In the United States, the micro-
wave tribe traces back to the engineers 
and scientists who gathered at MIT’s 

MICROWAVE JOURNAL 

engineers may not speak the same lan
guage, I am encouraged that together 
we all speak the language of MMICs, 
MIMO and Maxwell. I look forward 
to seeing many of you in Beijing and 
wherever else our paths might cross. 62

GaN Devices 
and AMO Technology 
Enable High Effi ciency 
and Wide Bandwidth
Raymond Pengelly and Ryan Baker
Cree Inc., Research Triangle Park, NC
Mattias Astrom and Joel L. Dawson
Eta Devices, Cambridge, MA

As wireless communications expand in 
bandwidth, number of users and geo-
graphic coverage, there is a growing 

demand for higher effi ciency in the power 
amplifi er portion of base station transmitters. 
Wireless power amplifi ers consume more than 
half the total power required to operate a base 
station. Reducing that consumption through 
higher effi ciency offers several benefi ts, start-
ing with the obvious benefi t of lower operating 
cost. While a lower utility bill is a signifi cant ad-
vantage, less waste heat means reduced equip-

ment cooling require-
ments and increased 
reliability. With less 
concern about tem-
perature rise, a wire-
less operator has more 
fl exibility in locating 
the new base stations 
required to support 
the dramatic increase 
in wireless data usage 
provided by 4G and fu-
ture generations.

But higher effi -
ciency must be accom-
panied by the wider 
bandwidth and high 

linearity demands of 4G wireless signals. To 
address this issue, recent startup Eta Devices 
Inc. is commercializing a technology devel-
oped at MIT: asymmetric multilevel outphas-
ing (AMO). AMO combines the high linearity 
of outphasing with effi ciency-enhancing, mul-
tilevel, discrete switched drain bias. Discrete 
switched drain biasing is the key to supporting 
wide bandwidths while maintaining high ef-
fi ciency, and is the greatest advantage of this 
technique over traditional envelope tracking. 
Figure 1 illustrates how AMO achieves effi -
ciency improvement over outphasing alone.

In any outphasing system, maximum effi -
ciency is obtained from the individual power 
amplifi ers’ performance. In their high power 
amplifi er designs, Eta Devices uses GaN 
HEMT devices, which have demonstrated 
practical peak drain effi ciencies exceeding 80 
percent. GaN technology was selected for its 
improved performance over existing silicon 
devices, which struggle to exceed 70 percent 
peak drain effi ciency under similar conditions.

Along with high performance RF amplifi ers, 
the power supply switching system must also 
be optimized for low-loss switching with mini-
mal transients. System timing is critical, re-
quiring management of the delay in each signal 
and control path. And once properly synchro-
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s Fig. 1  Theoretical effi ciency of AMO modulation 
with four amplitude levels, compared to two-level AMO 
and “one-level” outphasing (or LINC – linear amplifi ca-
tion with nonlinear components). 
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Quasi-Optical Techniques 
for Measuring Material 
Properties in the THz Region
Jon Martens, Anritsu Co., Morgan Hill, CA
Jeffrey Hessler, and Alex Arsenovic Virginia Diodes Inc., Charlottesville, VA

Electronic applications are being devel-
oped at frequencies in the several hun-
dred gigahertz (GHz) and even tera-

hertz (THz) regions. Today, most of the work 
is at the research stage for applications in elec-
tronic, chemical, biological and material devel-
opment. Many organic compounds have mo-
lecular resonances above a few hundred GHz, 
which are being studied for use with spectros-
copy for chemical and biological applications. 
Device improvements in these frequency 
ranges have also led to a considerable amount 
of research in networking and radar systems. 
Although atmospheric absorption resonances 
make certain applications challenging, there 
are windows throughout the THz region (see 
Figure 1) that allow free space applications 

such as radar, security and radio astronomy.
As new applications develop, there is a grow-

ing need for improved material measurement 
capabilities in the THz region. Lower frequen-
cy measurements scaled to higher frequen-
cies were used to support early developmental 
work; however, these are limited by S-param-
eter measurement uncertainties and changes 
in the material parameters. Today, free-space 
and quasi-optical measurements in the THz 
region have become more practical. Anritsu 
and Virginia Diodes Inc. (VDI) are teamed up 
to deliver a measurement solution that enables 
the development of many of applications. This 
article discusses the use of a vector network 
analyzer (VNA) with THz frequency extend-
ers to accurately characterize materials using a 
quasi-optical measurement technique.

measurement setup
The test solution may be confi gured in sev-

eral ways for quasi-optical measurements. The 
measurements can be performed using a VNA 
two-port technique (S21) or a one-port tech-
nique (S11). Figure 2 shows four confi gura-
tions using both techniques. The collimated 
beam confi gurations (see Figure 2a/c) require 
fairly large material samples that can be dif-
fi cult to obtain. While the two-port focused 
beam (see Figure 2b) allows for smaller sam-
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ProductFeature

An incredible amount of technology is 
packed into every smartphone and 
tablet. The list is long and getting lon-

ger: new and legacy cellular formats, multiple 
wireless-connectivity links, GPS capabilities, 
cameras, music players, Web browsers, and on 
and on. Putting all this power into the hands 
of several billion subscribers is overloading the 
frequency spectrum available within today’s 
wireless infrastructure. In response, the latest 
cellular standards include techniques such as 
multiple-input/multiple-output (MIMO) and 
carrier aggregation (CA). The goal of these ad-
vanced techniques is to help operators squeeze 
more capacity and higher data rates from their 
existing frequency spectrum.

Looking upstream to the industry’s product 
lifecycle, this environment also presents chal-
lenges to those who develop and manufacture 
the latest chipsets and user equipment (UE). 
Testing becomes more diffi cult when it comes 
time to characterize the performance of trans-
mitters and receivers or check the behavior of 
an assembled device. Test engineers often turn 
to a category of instruments known colloqui-
ally as “one-box testers” and more formally 
as “wireless test sets.” These solution-specifi c 
instruments simplify the process of checking 
the performance and behavior of chipsets and 
UEs. Similar to the devices they test, these in-
struments are becoming increasingly integrat-

ed: many include sources for receiver testing, 
analyzers for transmitter testing, standards-
compliant measurements, and a host of built-in 
functions to support manual, sequenced and 
automated testing. This one-box approach has 
proven to be more convenient and time-effi -
cient than the chore of patching together indi-
vidual instruments and perhaps a PC. Because 
these testers are often easily upgradable, they 
are also cost-effective over the long run.

Today’s increasingly complex chipsets and 
UEs require a new generation of instruments 
designed to meet present needs and provide 
extensibility to satisfy future requirements. 
Following in the footsteps of the 8960, Agile-
nt has recently introduced two new additions 
to  its industry-leading family of testers: the 
E7515A UXM wireless test set and the E6640A 
EXM wireless test set.

R&D: GAINING CLARITY AT CRUCIAL 
HANDOFFS

Design and validation are essential stages of 
the R&D process. At key handoff points, engi-
neers make judgment calls about every design, 
deciding if a chipset or UE is ready to clear the 
crucial hurdles imposed by internal specifi ca-
tions, conformance tests and operator require-
ments. Testing covers areas such as functional 
behavior and RF performance. Clarity around 
each decision comes from accumulated in-
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ProductFeature

The sales volume of smartphones and tab-
lets with wireless Internet connections 
has already exceeded that of traditional 

mobile phones and desktop PCs. Multiband 
front end modules as well as components for 

GPS, WLAN and Bluetooth applications are an 
essential part of these new devices. In a mobile 
phone, the number of signal paths increases 
with the number of integrated components and 
technologies. This also increases the number of 
test ports at which a front end module must be 
measured in order to ensure the stringent re-
quirements are met, e.g., with respect to inser-
tion loss or selection during production. This 
makes vector network analysis with more than 
20 ports, or even 30 ports in the future, a must.

Traditional vector network analyzers (VNA) 
with four ports still require a significant mea-
surement effort because the user needs to con-
sider which measurement ports on the device 
under test (DUT) must be measured simulta-
neously. All unconnected ports on the DUT 
should be terminated to prevent unwanted 
signals from influencing measurement results. 
In addition, the user must screw the DUT on 
and off again multiple times to measure all 
DUT ports. This not only increases the test 
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Vector Network 
Analysis with  
Up to 48 Ports
Rohde & Schwarz
Munich, Germany

s Fig. 1  A test solution with 48 ports consisting of one 
R&S ZNB8 and two R&S ZN-Z84 switch matrices.
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detected by the VNA. The matrix 
ports can be used just as with a stan-
dard two-port or four-port VNA.

Calibration is very easy using auto-
matic multiport calibration units. The 
R&S ZNB firmware detects the cali-

using the R&S ZN-Z84 are already 
integrated in the R&S ZNB firmware 
(see Figure 2). The switch matrix can 
be connected to the VNA via USB, 
LAN or the special Direct Control 
digital interface, and is automatically 

s Fig. 4  A 2 × 24-port matrix connected to a four-port VNA (26 test ports are available to the 
user).

bration units as soon as they are con-
nected via USB. The calibration menu 
displays which ports on the calibra-
tion unit must be connected to which 
ports on the switch matrix. A higher 
number of ports on a calibration unit 
results in fewer required calibration 
steps. This saves time and reduces er-
rors. Currently, calibration units with 
up to eight ports are available. Figure 
3 offers an overview of the calibration 
of twelve ports using a four-port cali-
bration unit.

RF chaRacteRistics and high 
Flexibility

The Rohde & Schwarz solution of-
fers flexibility without compromising 
the measurement characteristics. The 
R&S ZN-Z84 switch matrices have a 
modular design and are available with 
two or four input ports and with six, 
twelve, 18 or 24 test ports. This means 
they can be used with a two-port or 
four-port R&S ZNB, and up to two 
switch matrices can be connected to a 
four-port model. As a result, users can  
find the ideal combination for their 
current application.
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www.ims2014.org

83RD ARFTG MICROWAVE MEASUREMENT 
SYMPOSIUM
June 6, 2014 • Tampa, FL
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INTERNATIONAL SYMPOSIUM ON POWER 
SEMICONDUCTOR DEVICES AND ICS
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IEEE INTERNATIONAL CONFERENCE ON ULTRA-
WIDEBAND
September 1–3, 2014 • Paris, France
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Tips for Transitioning 
Designs to Manufacturing
Bill Reid
National Instruments, Austin, TX

A culture of continuous innovation in the 
consumer electronics industry has con-
ditioned us, as consumers, to expect 

technology improvements at rates that are fast-
er than ever before. Not only are these prod-
ucts becoming more complicated, but increas-
ing competition has dramatically reduced the 
typical design cycles. As a result, the ability of 
an engineering organization to move a product 
from schematic to final product through effi-
cient design and test practices has become a 
competitive advantage.

Although improvements in development 
practices can often require organizational 
change, there are several practical tips that 
engineers can implement to ultimately reduce 
time-to-market. In this article, everything from 
simple design choices for better manufactur-
ability to careful planning of test software and 
hardware will be discussed. Three of the most 
critical best practices include:
•	 �Design for manufacturability and debug-

ging
•	 Writing scalable and reusable test code
•	 �Replicating the physical manufacturing en-

vironment in all stages of development
In order to understand best practices for 

taking a product from design to test, one must 
consider that manufacturing test goals are of-
ten quite different from the goals of design ver-
ification. Design verification testing is meant to 
verify that the product meets its specifications 
under all operating conditions. By contrast, 
manufacturing test is designed to ensure that 
the product was assembled correctly with all 
components functioning as expected. In spite 
of the differences between these goals, engi-

neers can leverage verification testing develop-
ment in manufacturing with careful planning. 
Note that although the best practices described 
here are specifically applied to RF product de-
velopent, the philosophies presented apply to 
any type of commercial product design.

Design for Manufacturability
In many organizations, development groups 

often do not consider manufacturing test un-
til the very end of a design cycle. However, 
in order to properly leverage design efforts 
for manufacturing, designers must anticipate 
manufacturing test issues from the very first 
revision of the design. Many times, if consid-
eration is given for manufacturing test early 
in the design process, important decisions on 
layout and access to test signals/circuitry can 
reduce the overall cost of validation and manu-
facturing test.

For example, many times it is difficult to 
include control circuitry such as highly inte-
grated ASICs in initial revisions of a product. 
This results in the need for expensive test 
equipment that emulates the device’s operat-
ing environment – leading to longer and more 
costly test times. As an example, the lack of 
non-signaling modes on cellular chipsets can 
substantially increase product validation times. 
Without non-signaling modes in the initial revi-
sion of a product, engineers are forced to test 
the radio with more expensive and substantially 
slower base station emulators. Thus, by includ-
ing critical control circuitry in initial revisions 
of a product, engineers can frequently reduce 
validation time through the use of less expen-
sive test equipment such as a signal generator 
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quently use “pogo”-type probes to 
measure signals on specifi c PCB trac-
es. These probes are named for their 
spring-loaded mechanical action (like 
a pogo stick) and are very effective 
when used with the appropriate probe 
pad. At RF frequencies, however, 
pogo-type probes and the associated 
landing pads are susceptible to a host 
of high frequency related parasitic be-
havior that can impact electrical per-
formance such as impedance match 
and insertion loss.

There are several probing solu-
tions at RF and microwave frequen-
cies, and one that we have found to 
be particularly effective is the use of 
broadband coaxial probes. Coaxial 
probes, such as the Everett Charles 
K-50L (see Figure 1), feature an SMA 
connector for easy connectivity to a 
spectrum analyzer or power meter. Al-
though probes and probe landing pads 

bleshoot problems with a circuit. 
However, manual probes are subject 
to measurement error and can lead 
to incorrect assumptions about cir-
cuit performance. In both design and 
manufacturing, it is often essential to 
provide detailed insight into the per-
formance of a product. Thus, design-
ers must consider adding the ability to 
probe a design in a way that is repeat-
able and has minimal impact on the 
impedance of the circuit. Considering 
probing needs early in a design cycle 
enables engineers to ensure the cir-
cuit layout and component placement 
allows for proper probing.

Engineers are often reluctant to 
use inter-board connectors due to the 
cost. Probes can be a viable solution 
provided one gives attention to the at-
tenuation and uses the proper probe 
and landing pattern. For low frequen-
cies (below 100 MHz), designers fre-

and signal analyzer.
One of the simplest ways to re-

duce potential issues in manufactur-
ing is to strictly adhere to design rules 
such as: component spacing, “keepout 
zones,” and proper pad shapes to pre-
vent component “tombstoning.” Both 
PCB and chip-level manufacturers 
frequently provide design rule check-
ing software to ensure that the design 
can be practically manufactured. Fol-
lowing these design guidelines from 
the very fi rst layout is extremely im-
portant. Although designers are often 
tempted to “fudge” design rules until 
later revisions, the delay often makes 
the changes even more diffi cult to 
implement. On the other hand, en-
gineers considering design rules on 
the fi rst revision will result in a much 
more robust design and easier transi-
tion to manufacturing.

PROBING AND DEBUGGING
One practical tip to identify manu-

facturing issues in complex designs is 
to use appropriate debugging and test 
interfaces. Engineers can generally 
improve their ability to test or debug 
or troubleshoot a circuit through two 
primary methods. First, it is important 
to design probe pads and various test 
interfaces into the product itself. Sec-
ond, engineers should develop pro-
duction-grade test fi xturing in parallel 
with the initial design to ensure more 
repeatable validation measurements.

In development, engineers fre-
quently use manual probes to trou-  Fig. 1  Schematic of an Everett Charles Coaxial Probe.
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testing. Difficulty in correlation can 
occur for several reasons, including 
the use of different test equipment, 
the effect of test fixtures, and changes 
in the physical environment. One of 
the easiest issues to mitigate is the 
errors associated with using different 
measurement algorithms in validation 
and manufacturing test.

In general, R&D groups typically 
require very high performance instru-
ments to ensure that the specification 
limits of the instrument do not influ-
ence the validation test results. By 
contrast, the sheer amount of instru-
mentation required for a large-scale 
production operation typically re-
quires manufacturing test equipment 
to be cost optimized.  Unfortunately, 
the differing requirements of valida-
tion test and manufacturing test often 
lead organizations to use very differ-
ent test equipment – causing prob-
lems with measurement correlation 
and introducing additional effort to 
write test software.

Because differences in measure-
ment algorithms can lead to differences 
in measurement results, one of the sim-
plest steps to improve correlation be-

looked consideration in design for 
manufacturability is isolation of key 
circuitry. For example, consider the 
block diagram of a typical receiver 
shown in Figure 2. In order to ade-
quately determine the performance of 
individual components, the designer 
needs to be able to isolate the mixer 
from the amplifier and isolate the lo-
cal oscillator from the mixer. If the 
synthesizer is directly attached to the 
mixer without any interface to sepa-
rate the two components, it would 
be more difficult to troubleshoot po-
tential issues with the synthesizer. By 
separating these interfaces and test-
ing each section individually, one can 
accurately troubleshoot issues with 
more complex components.

There are multiple ways to separate 
critical interfaces. One is to physically 
separate the layout of each subassem-
bly and connect them through coaxial 
connectors such as an SMA. Unfortu-
nately, SMA connectors often increase 
size and add cost to the design. Inte-
grated switch/connector assemblies 
(such as the one described earlier) 
provide an excellent alternative as 
they are a well-matched pass-through 
part with essentially nonexistent inser-
tion loss.

Correlating Measurements 
Through Reusable Test Code

Another issue that test engineers 
often face is the ability to correlate 
manufacturing data with measured 
results completed during validation 

are useful in many instances, RF engi-
neers are often reluctant to use probe 
pads since they can lead to destructive 
capacitance and degrade circuit per-
formance. One frequent workaround 
is to design the probe pads from the 
actual board traces. For example, if 
the designer knows he will be using an 
RF probe, the board geometry (such 
as trace width and ground plane spac-
ing) can be designed to accommodate 
this probe without the need for spe-
cific landing pad geometries. In some 
instances, one can use surface mount 
component pads to double as a probe 
pad, allowing one to probe the circuit 
in a well-matched interface with the 
component removed.

Another effective solution for both 
validation and manufacturing test 
is to use a coaxial connector with an 
integrated switch. In this approach, 
the mechanical action of connecting 
a probe drives a single-pole double-
throw switch. Thus, the switch will 
internally route to one terminal when 
the probe is not connected, and a 
second terminal when the probe is 
engaged. The integrated connector/
switch probes were initially designed 
for the cellphone industry as a means 
to measure RF power through a con-
nector by disconnecting the antenna. 
Today, RF engineers can choose from 
a range of devices with excellent per-
formance at 12 GHz and beyond.

Layout Best Practices
One important yet often over-

s Fig. 2  Typical receiver architecture.
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tion layer is relatively straightforward 
in natively hierarchical programming 
languages such as NI LabVIEW sys-
tem design software or other similar 
languages.

Note from Figure 3 that an impor-
tant architectural practice is to sepa-
rate code to confi gure the DUT from 
code to confi gure the instrument. 
Although these tasks can often be ex-
ecuted in parallel, it is a better design 
practice to ensure that the two tasks 
are independent of one another. In 
some instances where measurement 
speed is of the utmost importance, 

portability. However, because much of 
the same measurements performed in 
validation are also performed in pro-
duction test, it is useful to ensure that 
the validation test code is as fl exible as 
possible.

A simple best practice for writing 
test software is to use a hardware ab-
straction layer. The idea of this prac-
tice is to encapsulate driver calls for 
a particular instrument within a high-
er-level function call. This approach 
makes it easier to modify the test code 
in the future to add additional instru-
mentation without a major rewrite. As 
observed in Figure 
3, the use of a hard-
ware abstraction 
layer requires that 
the test code be ar-
chitected such that a 
specifi c instrument’s 
driver calls are with-
in the framework 
of a function call 
to the instrument 
family. Although it 
requires better up-
front planning, the 
implementation of 
a hardware abstrac-
tion layer improves 
test code reuse and 
can ultimately re-
duce test software 
development time. 
Note that the hier-
archical nature of a 
hardware abstrac-

tween validation and production testing 
is to ensure that all measurements use 
the same measurement algorithm. One 
can ensure algorithm standardization 
through practices such as:
•  Use of software algorithms that 

run on a PC (or PXI system) rather 
than a test instrument

•  Use of similar test equipment 
(same vendor) in both validation 
test and production test

•  Use of industry-defi ned measure-
ments such as those defi ned by 
IEEE standards.
Of these, one of the simplest meth-

ods to ensuring measurement algo-
rithm standardization is the use of in-
strumentation from the same vendor 
in all stages of product development. 
This approach also provides the added 
benefi t of being able to more easily le-
verage test code written for validation 
test in the production test phase.

LEVERAGING TEST CODE 
BETWEEN VALIDATION AND 
MANUFACTURING TEST

Although leveraging validation test 
code in manufacturing might seem like 
an obvious best practice, it requires 
careful attention to software architec-
ture. For example, using a modular 
and hierarchical software architecture 
is critical in order to leverage validation 
test code in manufacturing test. When 
writing software for validation testing, 
it is often tempting to generate code in 
the fastest way possible – without atten-
tion to architecture or long-term sup-  Fig. 3  Traditional approach versus use of a hardware abstraction 

layer.
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power to within a tight range such as 
±0.5 dB (or better) typically required 
for power amplifiers.

One of the best first-order attempts 
to reduce temperature variation due 
to electronic equipment is to ensure 
proper airflow and ventilation. In ad-
dition, it is often useful to accompany 
each RF measurement (either in vali-
dation or in manufacturing) with a 
temperature measurement. Especial-
ly in larger PCB designs, an on-board 
temperature sensor is a reliable meth-
od to monitor temperature. By moni-
toring the temperature, engineers can 
associate each RF measurement with 
the environmental conditions. As a re-
sult, the temperature data can often 
explain discrepancies between valida-
tion and production test results.

Fixturing
Another way to replicate the pro-

duction environment in validation is 
to use standardized fixturing practices. 
In many organizations, fixturing is of-
ten ignored until the product has been 
transitioned into the manufacturing 
phase of development. Although fix-
turing can either enhance or degrade 
measurement performance, it is im-
portant to use production-quality fix-
turing early in the development cycle. 
Fixturing should be designed and 
manufactured in parallel with one of 
the early or first design revisions.

In the characterization environment, 
it is common for engineers to test de-
signs using poor cabling solutions such 
as flimsy cables and low-quality connec-
tors that are difficult to de-embed. The 
use of high-quality fixturing, tradition-
ally reserved for production test, has 
several benefits. First, using fixturing 
in validation testing improves this mea-
surement quality by making them more 
repeatable and stable. Second, and per-
haps more importantly, the use of better 
fixturing during validation often helps 
one to better correlate validation test re-
sults and manufacturing test results. An 
example of a board level fixture is shown 
in Figure 4.

Production quality fixturing also 
enables engineers to test a DUT with 
little direct operator interaction. Typi-
cal production-grade fixtures provide 
repeatable interfaces for both RF/
analog measurements, control I/O and 
DC power. In addition, fixtures can 
also protect from important environ-
mental aspects such as electromagnet-

test executive software can automati-
cally configure two independent func-
tion calls to execute in parallel.

Common Physical 
Environments in Validation 
and Manufacturing

The physical environment of an 
engineering lab is often very differ-
ent than a manufacturing facility. Al-
though it might seem counterintui-
tive, manufacturing environments of-
ten experience a much wider degree 
of variability than what is present in 
the lab. In addition, fluctuations in 
temperature, problems with power 
quality, and even spurious responses 
from other devices can affect test re-
sults. A final best practice is to ensure 
that the physical environment during 
validation testing is identical to the 
physical environment on the manu-
facturing floor.

Although a wide range of chal-
lenges in the manufacturing environ-
ment can influence a measurement 
result, temperature variation is one of 
the most problematic. On a manufac-
turing floor, the high density of elec-
tronic equipment can emit significant 
and widely varying heat radiation.  
In addition, simple attributes such 
as being located underneath an air 
conditioning vent or near a door can 
also affect the localized ambient tem-
perature. Thus, while an ideal manu-
facturing facility might tightly control 
air temperature on a large scale, it is 
extremely difficult to control local 
temperature at the DUT. Not only do 
these fluctuations in temperature af-
fect the accuracy of the instrumenta-
tion, but they also significantly affect 
the performance of the DUT.

In my years of manufacturing expe-
rience, I have personally observed fac-
tories where the ambient temperature 
was controlled to within one degree, 
but with up to 10 degree swings in 
temperature localized at a particular 
test station. As context to the effect of 
temperature on measurement qual-
ity, a typical high frequency amplifier 
typically experiences power variation 
of up to 0.03 dB per degree C. With 
instruments and complex devices 
having several amplifiers in a single 
signal chain – the power error associ-
ated with temperature variation can 
quickly stack up. Such large swings in 
temperature can cause substantial is-
sues when trying to align the output 
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Noise Figure In Select Frequency Bands 
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it is increasingly important for organi-
zations to adopt practices enable them 
to move products from design to pro-
duction test more quickly. As this ar-
ticle discusses, engineers must become 
increasingly aware of design for manu-
facturability, test code development, 
and the conditions of the manufactur-
ing environment. Taking these areas 
into account early on in a design will al-
low for a much-improved effi ciency to 
transition the product to production. ■

Bill Reid is a chief hardware architect 
at National Instruments with 29 years of 
experience in the RF/microwave industry. 
He has extensive expertise in micrpowave 
product design, developing manufacturing 
test systems, consulting with customers, and 
general management. During his 12 years 
at NI, he has served both a business and 
technical leader. Along with his system and 
board-level design experience, Reid also has 
extensive metrology experience, developing 
the calibration routines and accuracy 
models for NI’s RF products. Prior to NI, 
Reid worked at General Dynamics, EG&G, 
Texas Instruments and Nokia Mobile 
Phones. Reid has a bachelor’s degree of 
electrical engineering from the University of 
Illinois at Chicago and graduate studies at 
California State University, Fullerton.

clude power supply variations. Power 
supply analysis is especially useful 
when using manufacturing facilities in 
locations where power stability is more 
problematic. By emulating the manu-
facturing environment during valida-
tion testing, one can predict their test 
system robustness and also determine 
the impact to test limits. This type of 
investigation can prevent crisis man-
agement on test issues that could occur 
during early production runs. 

CONCLUSION
As the electronics industry has 

evolved to become more competitive, 

ic interference, and better heat dissi-
pation. Fixtures also minimize touch 
from human hands – which can also 
affect the quality of the product.

ELECTROMAGNETIC EMISSIONS
A fi nal method to ensure common 

physical environments between vali-
dation and manufacturing is to mea-
sure and, if necessary, compensate for 
the electrical environment. In gener-
al, validation labs are relatively electri-
cally quiet. With fewer products being 
tested and less electronic equipment 
than in a manufacturing environment, 
the lab contains a relatively small num-
ber interference producers. In some 
instances, well-shielded enclosures in 
the validation lab protect a DUT from 
outside spurious emissions.

When performing validation test-
ing, an important best practice is to 
duplicate the manufacturing environ-
ment in the lab. For example, on e can 
use a spectrum analyzer to measure 
radiated electromagnetic spurs, and 
then use other DUTs to re-create the 
effect in the validation lab. Other con-
ditions that are useful to replicate in-

 Fig. 4  Board-level validation and manu-
facturing test fi xture.
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MostValuableProduct

AnalystTM, AWR’s full 3D electromagnetic 
(EM) fi nite element method (FEM) simu-
lator, offers a user-customizable library 

of parts as well as new antenna capabilities in 
its second major release that’s encompassed 
within the V11 release of the AWR Design Envi-
ronmentTM. In particular, 3D PCells (parameter-
ized cells) are the backbone for bringing user-
customizable library parts to the engineering 
desktop. PCells have been added, making it easy 
for designers to develop and use fully customiz-
able parts, which, once created, can be deployed 
multiple times across multiple users thereby en-
suring maximum fl exibility, engineering produc-
tivity and reuse.

As well as confi gurable PCells, the V11 
release of Analyst has a number of new ad-
ditions that aid in antenna analysis, including 
fi eld patterns and standard measurements of 
interest to the antenna engineer. Other im-
provements include a connectivity viewer, ad-
ditional example design projects, and more 
than a dozen pre-confi gured 3D PCells for 
structures ranging from gull-wing packages to 
capacitors, coaxial cables and air coils. (Note: 
The key features introduced in the fi rst ver-
sion of Analyst (AWR Design Environment 
V10.x) are detailed in a December 2013 Mi-
crowave Journal article.

V11 COMPLETES ANALYST INTEGRATION INTO 
MICROWAVE OFFICE

The idea for Analyst sprang from the design 
community’s need for 3D EM simulation to be 
completely integrated within a circuit simula-
tion environment. This alleviates the nuances 
associated with the manual interaction and 
cumbersome duplication of efforts associated 
with disparate EM point tools being manipu-
lated to fi t within a circuit design fl ow/frame-
work. In the V10 release, Analyst was intro-
duced into Microwave Offi ce®, AWR’s circuit 
design software. The designer could create de-
signs using the already-available 2D-extrusion 
editor and include pre-defi ned PCells for the 
most common of 3D interconnect like bond 
wires, BGA balls, tapered vias and grounding 
straps. In addition, fi nite extent dielectrics and 
holes and voids in dielectric layers could be 
created. The focus was on making Analyst as 
transparent as possible for microwave engi-
neers to use in the design of circuits ranging 
from MMICs to MICs RF PCBs and microwave 
modules. In fact, any designer already famil-
iar with AWR’s AXIEM® 3D planar EM solver 
could immediately access and use Analyst and 
readily grow more profi cient after grasping 
the addition of expanded boundary condition 
options and port settings.
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Comtech’s latest development expands 
on its proven innovative integrated GaN 

RF Power Amplifier designs by further 
increasing the RF power density, while 
improving overall operating efficiency. 

These highly integrated designs are ideal 
for use in communication, electronic 

warfare, and radar transmitter systems 
where space, cooling, and power are 
limited. Applications include ground, 

surface, and airborne platforms. 

Contact us today with your requirements 

and specs...we’ll meet your needs and 

exceed your expectations.

Comtech...Simply More.

Model BME2969-200 
2–6GHz, 200 Watts* 
Solid State Power Amp Module

n   Highest Power Density 
to Footprint Ratio

n   High Efficiency Over the 
Entire Bandwidth

n   RF Input/Output 
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n   Internal DC to DC 
Converters
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*300 Watts Coming Soon!

ISO 9001:2008 / AS9100C: 2009

Model BME2969-200

POWER UP!
Soar with the highest power density  

solid state RF amplifiers available.

While the fi rst release of Analyst 
addressed the user community’s most 
common request for a seamless EM-
circuit design fl ow that accounted for 
common arbitrary 3D structures, the 
request for additional shapes and fl ex-
ibility for users to readily customize 
their own parts library brought forth 
V11 Analyst. V11 addresses the need 
for the occasional inclusion of 3D 
shapes that are not in the available set 

of preconfi gured PCells and cannot be 
constructed through the existing 2D-
extrusion drawing environment. 

For example, an SMA connector 
was not available in V10 whereas in V11, 
the new user-defi ned library of parts 
(3D PCell feature) solves this problem. 
A designer can now open a 3D layout 
editor and draw the SMA connector as 
desired. Since the 3D editor is coupled 
to the Microwave Offi ce environment, 

all units and electromagnetic environ-
ment and material properties remain 
consistent. A key feature of the editor 
is the ability to use parameters to de-
velop the drawing. These parameters 
can be exported to Microwave Offi ce. 
Since the user of the PCell can change 
the parameters, the resultant cell can be 
reused in a wide variety of cases. For 
example, with about 15 parameters, the 
SMA connector can be modifi ed to rep-
resent a wide variety of available con-
nector types. Examples follow.

HOW 3D USER-DEFINED PCELLS WORK
The new 3D PCells are created in 

Analyst’s new 3D drawing editor, which 
augments the already existing 2D lay-
out environment in the AWR Design 
Environment’s Microwave Offi ce cir-
cuit design software. Parameters can 
be used to control the drawing of the 
part. Once created, designers can sim-
ply use the part in Microwave Offi ce, 
changing the shape by varying the pa-
rameters as necessary.  A “create once, 
use often” library of cells is thereby 
created and confi gured for the design-
er’s specifi c needs.

Analyst comes with a variety of com-
mon RF/microwave parts already created, 
including connectors, coils and transmis-
sion lines. These parts are suffi cient to 
fulfi ll most designer needs, however, if a 
new user-customized cell is needed,  cre-

 Fig. 1  Layout with SMA and coil PCells 
(a) and 3D view showing ports on SMA con-
nectors (b).
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ating the part in the Analyst 
3D editor is straightforward. 
The editor is closely tied to 
the standard Microwave Of-
fice layout environment, with 
the units and various elec-
tromagnetic material library 
properties and the technol-
ogy stack up being shared as 

needed. In addition, 3D layouts can also 
be imported into Analyst by using the 
industry-standard ACIS (.sat) layout file 
format, which is supported by virtually all 
3D CAD programs and/or other transla-
tors to additional 3D CAD files like IGES.

Figure 1 shows two examples of 
3D PCells in action. An SMA cell is 
used four times to draw the SMA con-
nectors at the edge of the board. A coil 
3D PCell is used twice to show two air 
coils in the middle of the board. These 
cells were created in the V11 3D lay-
out editor, placed into a user-defined 
library, and then called by the designer 
as needed. Figure 1a shows the 2D 
layout in Microwave Office. Note that 
there is a 2D outline of the cells, so 
that the designer can easily place them 
as needed. The lines and ground floods 
have been drawn in the standard man-
ner. The 3D image in Figure 1b shows 
the completed board, four connectors 
and two air coils.

The 3D editor is shown in Fig-
ure 2 for the example of the air coil 
used in Figure 1. The editor is opened 
from within Microwave Office, ensur-
ing that material parameters and units 
are shared between the 3D editor and 
the 2D drawing environment. Figure 
2 shows that the 3D editor contains 
the standard features expected in an 
industry-standard 3D CAD drawing 
tool. The coil is shown in the drawing 
area. Shapes are created through the 
usual choice of starting with generic 
3D shapes, and then modifying them 
by changing their parameters. Standard 
Boolean operations and transforma-
tions are supported.

The right side of Figure 2 shows 
the material properties menu, where 
the various electromagnetic proper-
ties of the shapes making up the coil 
are set. The lower left window shows 
various parameters used in making the 
coil. Normally, parameters are used as 
a way of making the cell customizable. 
A designer using the cell in Microwave 
Office can change the parameter val-
ues without having to go into the 3D 
editor.  The advantage of exposing pa-
rameters to Microwave Office is that 
most designers never need to use the 
3D editor. For example, a designer us-
ing the coil cell shown in Figure 2 can 
quickly change the number of turns by 
changing one parameter value in Mi-
crowave Office. A well-created, user-
customizable part (PCell) can there-
fore lead to tremendous reuse.
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sFig. 2  3D editor screenshot 
example.
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Another example of the versatility 
of parameters and 3D PCells is shown 
in Figure 3. The designer can change 
the shape of the center pin of an SMA 
connector by setting one parameter. 
This was accomplished by equations in 
the 3D editor, which use the values of 
the parameters as input. If desired, the 
creator of the cell can even automate 
the creation operations using a built-in 
Python scripting capability.

Finally, it is possible to import 3D 
layout files into the 3D editor using the 
standard ACIS layout language format. 
It is therefore also possible to reuse 
layouts created in other 3D EM simula-
tion or mechanical drawing tools.

3D Antenna Analysis and 
Visualization

In addition to the user-customizable 
library of parts, V11 has a number of 
new features to help the antenna engi-
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s Fig. 3  3D view showing a round center pin 
(a) and a tabbed transition on center tab (b).

s Fig. 4  3D view of a pyramidal horn (a), 
total power radiation pattern (b) and 3D 
antenna pattern (c).
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neer. Figure 4 shows a simple pyrami-
dal, microwave horn, designed to oper-
ate at 10 GHz.

Figure 4a shows the horn in the 
3D editor. Special absorbing boundary 
conditions are used at the simulation 
boundaries to approximate infinite 
space. Figure 4b shows a typical ra-
diation pattern that can be shown in 
Microwave Office. This one is the total 
radiated power at a phi of 0 degrees, 
sweeping over theta, the vertical angle. 

Figure 4c is a 3D representation of the 
E theta radiation pattern. Other typical 
measurements are available, including 
directivity and gain.

As another aid to visualization,  An-
alyst now has a built-in DC connectiv-
ity checker to ensure that the circuit 
is connected properly. An example is 
shown in Figure 5.  The inner conduc-
tor of the coaxial line is a different 
color than the outer conductor. The 
designer can clearly see that the two 
are not electrically connected, which 
is what is intended. By using the con-
nectivity view checker, designers can 
avoid costly layout mistakes, resulting 
in simulation errors and lost time.

With AWR’s new Analyst V11 re-
lease, designers can simulate arbitrary 
3D structures from within the Mi-
crowave Office environment. Using a 
combination of user-defined PCells and 
preconfigured shapes, the microwave 
designer has the power of 3D EM simu-
lation without the distraction of having 
to work in an external tool discon-
nected from the main circuit simulation 
environment. Drawing time is reduced 
and possible set-up errors are eliminat-
ed. Powerful simulation concepts like 
parameter sweeping and model optimi-
zation are now easily accessed in AWR’s 
fully integrated environment.

 
AWR,  A National Instruments 
Company,  
El Segundo, CA,  
www.awrcorp.com.
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s Fig. 5   Example of DC connectivity 
checker.

Analyst Features at a Glance
	Schematic-driven EM
	Layout/drawing editor
	�NEW:  Any arbitrary 3D parts 

can be created and parameter-
ized, or imported in SAT or IGES 
formats. Some of the new ready-
to-use 3D EM models include 
SMA connectors, coaxial lines 
and air coil inductors.

	Automatic and adaptive meshing
	�Discrete and fast-frequency 

sweeps
	�2D & 3D visualization (near-field 

animations)
	Results post-processing
	�NEW:  Antenna analysis is now 

fully supported in Analyst includ-
ing radiation patterns. New an-
tenna examples include pyramid 
horn antenna and patch antenna.
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ISO 9001:2008
Certified

         When it comes to the largest selection of Traveling Wave Tube (TWT) Amplifiers, AR has no equal. We cover a wider 
range of  high-power, broadband amplifiers for your specific test application than any other brand. 

         CW models also have the capability to faithfully reproduce AM, FM, and pulse modulation input signals. Features that 
are included at no extra cost are our “Sleep mode” which prolongs the tube life, rugged construction for the rigorous treatment 
in test labs, modular supplies to reduce repair turn-around, and well thought out digital displays to help you monitor essential 
amplifier conditions. 

          So before you choose a look-alike traveling wave tube amplifier, examine all the features and benefits that come along at 
no extra charge with an AR amplifier.  If you want a TWTA that will take you farther, you’ll choose the one with the AR logo  
on it … the company that stands behind our products with the global service and support that you demand.

          To learn more, visit www.arworld.us or call us at 215-723-8181.

If You Can’t Find 
The Power You Need Here,

It Doesn’t Exist.

Traveling Wave Tube Amplifiers
“T” Series–CW TWTA’s from 1 to 45 GHz. 15 to 2000 watts.

“TP” Series–Pulsed TWTA’s from 1 to 18 GHz. 1000 to 10,000 watts.

www.arworld.us/twta
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  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 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 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.
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the arctic. Now people spread over thousands of square 
miles could have access to more secure, reliable commu-
nications. During company-funded tests, MUOS voice and 
data signals reached much farther north than previously 
thought, just 30 miles and 0.5 degrees of latitude shy of the 
North Pole.

A team demonstrated Wideband Code Division Mul-
tiple Access (WCDMA) capability using three different 
radios as far north as 89.5 
degrees, under peak orbit 
conditions. This inherent 
voice and data access is 
well beyond the 65-de-
gree system requirement.

The additional cover-
age comes at a time when 
demand is surging for de-
pendable polar communi-
cations. “As the arctic becomes more accessible, the U.S. 
and its allies need reliable communications to maintain a 
safe and secure presence,” said Paul Scearce, director of 
Military Space Advanced Programs at Lockheed Martin. 
“Demand for consistent voice and data services will only 
increase. The area is experiencing more shipping, tourism 
and natural resource exploration, which will also likely in-
crease demands for search and rescue.”

The demonstrations show MUOS has an advantage 
over legacy satellite communications. “This joint testing 
gave us important system operation data at extreme con-
ditions,” said Dr. Amy Sun, Narrowband Advanced Pro-
grams lead at Lockheed Martin. “We did these evaluations 
to explore growing arctic communication demand, yet it 
also highlighted the dramatic capability improvements 
the WCDMA architecture will provide. Using MUOS, we 
were able communicate from the aircraft at high latitudes, 
which wasn’t the case for the legacy Ultra High Frequency 
signal.” 

Harris Receives $18M for Falcon III 
Wideband Tactical Radios from U.S. Special 
Operations Command

USSOCOM is acquiring more Falcon III AN/PRC-
117G and AN/PRC-152A radios as it expands de-
ployment of a SOCOM-accredited wideband tactical 

communications network. The network enables operators 
to send and receive tactical voice, video and data, result-
ing in enhanced situational awareness and intelligence, 
surveillance and reconnaissance (ISR). In addition to ad-
vanced wideband data networking, the AN/PRC-117G and 
AN/PRC-152A provide users with interoperability through 
legacy narrowband waveforms.

“Harris Falcon III wideband radio systems are deliv-
ering the tactical Internet to the battlefi eld,” said George 
Helm, president, Department of Defense business unit, 

MICROWAVE JOURNAL  MARCH 2014 43

DefenseNews
Cliff Drubin, Associate Technical Editor

Go to mwjournal.com for more defense news itemsFor More
Information

U.S. Army and LM Complete Advanced 
Autonomous Convoy Demo

The U.S. Army Tank-Automotive Research, Develop-
ment and Engineering Center (TARDEC) and Lock-
heed Martin have demonstrated the ability of fully au-

tonomous convoys to operate in urban environments with 
multiple vehicles of different models.

The January demonstration at Fort Hood, TX was part of 
the Army and Marine Corps’ Autonomous Mobility Appli-
qué System (AMAS) program, and marked the completion 
of the program’s Capabilities Advancement Demonstration 
(CAD). The test involved driverless tactical vehicles navi-
gating hazards and obstacles such as road intersections, 
oncoming traffi c, stalled and passing vehicles, pedestrians 
and traffi c circles in both urban and rural test areas.

 “The AMAS CAD hardware and software performed 

“We are very pleased 
with the results of the 
demonstration, because 
it adds substantial 
weight to the Army’s 
determination to get 
robotic systems into 
the hands of the 
warfi ghter.”

 exactly as designed, and 
dealt successfully with all 
of the real-world obstacles 
that a real-world convoy 
would encounter,” said 
David Simon, AMAS pro-
gram manager for Lock-
heed Martin Missiles and 
Fire Control.

The AMAS hardware 
and software are designed 
to automate the driving 
task on current tactical 
vehicles. The Unmanned 
Mission Module part of 
AMAS, which includes a 
high performance LIDAR 

sensor, a second GPS receiver and additional algorithms, is 
installed as a kit and can be used on virtually any military 
vehicle. In the CAD demonstration, the kit was integrated 
onto the Army’s M915 trucks and the Palletized Loading 
System (PLS) vehicle.

“It was very important that we had representation from 
the technology, acquisition and user bases, along with our 
industry partners, here at the CAD,” said TARDEC tech-
nical manager Bernard Theisen. “We are very pleased with 
the results of the demonstration, because it adds substan-
tial weight to the Army’s determination to get robotic sys-
tems into the hands of the warfi ghter.” 

Lockheed Martin MUOS Satellite 
Tests Show Extensive Reach in Polar 
Communications Capability

L ockheed Martin recently demonstrated that the U.S. 
Navy’s Mobile User Objective System (MUOS) sat-
ellites may help solve communication challenges in 

“As the arctic 
becomes more 

accessible, the U.S. and 
its allies need reliable 

communications…”

Scan page
using           app

__3M14 FINAL PROOF.indd   43 2/28/14   1:35 PM

http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=43&exitLink=http%3A%2F%2Fmwjournal.com


DefenseNews

Harris RF Communica-
tions. “This new network 

i s opening up a world of new 
combat applications, such 
as collaborative chat, bio-
metric enrollments, video 
conferencing and video 
ISR. These are next-gen-
eration capabilities, deliv-

ered today, using a proven commercial business model that 
thrives on competition and innovation.”

Harris produces the world’s most widely fielded wide-
band networking technology, with more than 45,000 man-
pack and handheld radio systems deployed to U.S. forces 
as well as Canada, France, the United Kingdom, Germany, 
Italy, Australia, Poland and other allies. These radios offer 
NSA Type-1 certified High Assurance Internet Protocol 
Equipment encryption, the highest level of information as-
surance available to tactical units. 

Raytheon Secures 1st International 
Customer for its F-16 RACR AESA Radar

Raytheon Co. has signed a contract with BAE Sys-
tems in support of upgrading the Republic of Korea’s 
fleet of more than 130 KF-16C/D Block 52 aircraft. 

As a key subcontrac-
tor to BAE Systems, the 
company will provide an 
integrated solution that 
includes the Raytheon 
Advanced Combat Ra-
dar (RACR), ALR-69A 
all-digital radar warning 
receiver, advanced mis-
sion computing technol-
ogy and weapon systems 
integration.

“South Korea’s com-
petitive selection of our 
RACR last year gave us 
an important foothold in 
the international F-16 upgrade market,” said Jim Hvizd, 
vice president of International Strategy and Business De-
velopment for Raytheon Space and Airborne Systems. 
“The addition of our EW and mission computing expertise 
and our weapon systems integration will provide the Re-
public of Korea with an operationally superior solution that 
will keep their KF-16s relevant for years to come.”

This contract, booked in the fourth quarter 2013, adds 
the F-16 Fighting Falcon to the roster of fighters retro-
fitted with Raytheon AESA radars (F-15C, F-15E, F/A-
18E/F and the EA-18G Growler). 

“Harris Falcon III 
wideband radio 
systems are delivering 
the tactical Internet to 
the battlefield…”

“The addition of our EW 
and mission computing 

expertise and our weapon 
systems integration will 
provide the Republic of 

Korea with an operationally 
superior solution that will 

keep their KF-16s relevant 
for years to come.”
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Galileo Works and Works Well

The in-orbit validation of Galileo has been achieved: 
Europe now has the operational nucleus of its own 
satellite navigation constellation in place – the world’s 

fi rst civil-owned and operated satnav system.
In 2011 and 2012 the fi rst four satellites were launched 

into orbit. In the following year, these satellites were com-
bined with a growing global ground infrastructure to allow the 
project to undergo its crucial In-Orbit Validation (IOV) phase. 

On 12 March 2013, Galileo’s space and ground infra-
structure came together for the very fi rst time to perform 
the historic fi rst determination of a ground location, tak-
ing place at ESA’s Navigation Laboratory in the ESTEC 
technical centre, in Noordwijk, the Netherlands. From 
this point, generation of navigation messages enabled full 
testing of the entire Galileo system. A wide variety of tests 
followed, carried out all across Europe. As a result, the en-
tire self-suffi cient system has been shown to be capable of 
performing positioning fi xes across the planet.

Following this success, the build-up of the Galileo sys-
tem can proceed to place the remaining satellites into or-
bit and deploying further ground stations. The next two 

Galileo ‘Full Operational 
Capability’ satellites are 
currently at ESTEC, com-
pleting their testing to be 
cleared for fl ight. Over the 
course of 2014, six more 
satellites are planned to 
join the existing four in 

three separate Soyuz launches, with Galileo’s initial ser-
vices scheduled to start by the end of 2014.

 “Europe has proven with IOV that in terms of perfor-
mance we are at a par with the best international systems 
of navigation in the world,” commented Didier Faivre, 
ESA director of Galileo and navigation-related activities.

QinetiQ Awarded UK MoD CSIIS Research 
Contract 

QinetiQ has been awarded an initial three year contract 
to provide research in Command Control, Commu-
nications, Computing, Intelligence, Surveillance and 

Reconnaissance (C4ISR) Secure Information Infrastruc-
ture and Services (CSIIS) to the UK’s Defence Science and 
Technology Laboratory (Dstl), a trading fund of the MoD 
which maximises the impact of science and technology for 
UK defence and security.

CSIIS research forms a major component of C4ISR 
research. Dr. Jeremy Ward, the MD of QinetiQ C4ISR 
said, “We are delighted to be working in partnership with 
Dstl on this important programme to realize the potential 
benefi ts from novel technology to our front line forces. We 
will build upon our established track record to provide a 
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research capability drawn from across a wide supply base 
that is tuned to the varied and evolving needs of the MoD 
C4ISR customer.”

The programme will primarily focus on research into 
Network Services, Communications, Information Assur-
ance; and Information Management and Information 
Exploitation in relation to 
their impact upon Net-
works. QinetiQ will also 
identify and subsequently 
manage suppliers, contrac-
tors, information providers 
and subject matter experts 
who will provide a valuable 
contribution to deliver the 
research.

The QinetiQ-led team comprises over 50 suppliers with 
representation from academia, small to medium enter-
prises (SMEs), technology providers and system primes. 
The team is supported by a steering group which has mem-
bers from BAE Systems Advanced Technology Centre, 
Chemring Technology Solutions, Airbus Defence & Space, 
Exelis Defence, General Dynamics (UK), HP Enterprise 
Services and IBM as well as Dstl.

EDA and ESA Achieve DeSIREd Cooperation

The European Defence Agency (EDA) and European 
Space Agency (ESA) have agreed to pursue their co-
operation in the domain of Remotely Piloted Aircraft 

Systems (RPAS) with the signature of the DeSIRE II Proj-
ect Arrangement. 

This cooperation is the 
result of the successful De-
SIRE I project carried out 
in 2012 and 2013, through 
which EDA and ESA dem-
onstrated the use of satel-
lites enabling the insertion of RPAS in Europe. This project 
effectively demonstrated that RPAS complemented by satel-
lites can be safely inserted in non-segregated airspace and 
thus fulfi l user needs in maritime surveillance services. 

Go to mwjournal.com for more international news items

InternationalReport
Richard Mumford, International Editor

“…fulfi l user 
needs in maritime 

surveillance services.”

For More
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Dstl … maximises 
the impact of science 
and technology for UK 
defence and security.

[Galileo is] the world’s 
fi rst civil-owned and 
operated satnav 
system.
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DeSIRE II will demonstrate that services, such as environ-
ment and maritime surveillance applications, can be rendered 
with RPAS fl ying beyond radio line of sight through the use of 
safe and secure satellite-based command and control data links. 

This demonstration project will also seek to illustrate 
the benefi ts of the integration of space assets, such as com-
munication satellites, navigation satellites and Earth obser-
vation satellites, with terrestrial infrastructure for enabling 
new services. It will further tackle the implementation of 
an initial set of elements for air traffi c management and 
related safety issues in order to support the evolution of air 
traffi c insertion regulations and standards. 

ERA-CAN+ Promotes Cooperation between 
European and Canadian Research

A fundamental aspect of European research policy is 
the establishment of cross-border cooperation, not 
just within the European Union but across the globe. 

This is why an ambitious project to connect European 
researchers with their counterparts in Canada has been 
launched. In particular, the ERA-CAN+ project aims to 
identify possible collaborative opportunities within Ho-
rizon 2020, the EU’s Eighth Framework Programme for 
Research and Innovation. 

The number of Canadians participating in European 
Framework Programme projects has been steadily increas-

ing over the years. FP7 
(2007-2013) involved a 
total of 228 Canadian re-
searchers and research 
institutions, who partici-
pated in 187 projects. This 
is more than double the 
97 Canadians who partici-
pated in FP6 (2002-2006). 

 “Canada is a valued partner for the European Union 
in a wide range of cooperation areas and our partnership 
in research and innovation is particularly strong,” said EU 
Ambassador Marie-Anne Coninsx. “ERA-CAN+ will fur-
ther contribute to deepen the already existing strong ties.” 

The project will promote science, technology and inno-
vation collaboration between Canada and the EU through 
policy dialogues, research exchanges and information shar-
ing about funding opportunities. The consortium brings 
together seven leading associations and organisations for 
research, innovation and public policy discussions from 
across Canada and Europe.

ERA-CAN+ will also play a vital role in raising aware-
ness of research and innovation opportunities and also 
attempt to help scientists and researchers to make the 
jump from the laboratory to the marketplace. Commer-
cialising research results remains a weakness of European 
research, which is something that Horizon 2020 aims to 
redress.
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photo courtesy of the 
U.S. Military & NASA

CERAMIC  MMIC AMPLIFIERS
®RUGGED ULTRA REL

MIL Qualifications (see website for complete list and details )

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

Robust performance across wide bandwidths makes them 
ideal for instrumentation, or anywhere long-term reliability 
adds bottom-line value.  Go to minicircuits.com for all the 
details today, and get them in your hands as soon as 
tomorrow!

Electrical Specifications (-55 to +105°C)

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

CMA-62+ 0.01-6 15 19 33 5 5 4.95
CMA-63+ 0.01-6 20 18 32 4 5 4.95
CMA-545+ 0.05-6 15 20 37 1 3 4.95
CMA-5043+ 0.05-4 18 20 33 0.8 5 4.95
CMA-54SG1+ 0.4-2.2 32 23 36 0.9 5 5.45
CMA-162LN+ 0.7-1.6 23 19 30 0.5 4 4.95
CMA-252LN+ 1.5-2.5 17 18 30 1 4 4.95

 High IP3 up to 38 dBm    Low DC current 65 mA        ea. (qty 20)
$495

10 MHz to 6GHz

CMA

3  x  3 x 1.14 mm

RoHS compliant

Mini-Circuits®

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

When failure is not an option. Our new CMA MMIC 
amplifiers deliver outstanding performance in a rugged, 
nitrogen-fi l led, hermetic LTCC design, just 0.045” 
high.  These models are so tough, they’ve qualif ied for 
use under MIL environmental conditions:

Low NF 0.5 dB

NEW

NEW

NEW

NEW
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0.25 to 6400 MHz     
Control your test setup via Ethernet or USB with a          
synthesized signal generator to meet your needs and fit  
your budget!  The SSG-6400HS and the new SSG-6000RC 
feature both USB and Ethernet connections supporting    
HTTP and Telnet communication protocols, giving you more 
choices and more freedom. All our models are supplied 
with easy-to-install, user-friendly GUI software, DLLs and 
programming instructions for 32 and 64 bit Windows® and 
Linux® environments. They all provide power sweep and 
frequency hopping capabilities and are designed for easy 
integration with other test equipment using trigger and   
reference ports.  All models have built-in automatic       
calibration scheduling based on actual usage. Housed 
in rugged cases small enough to fit in your laptop case,    
these generators are a space efficient solution for almost 
any layout! Visit minicircuits.com today to find the right 
model for your application!       

 SIGNAL 
GENERATORS

To fit your budget. 

from

$1995ea.

USB & 
Ethernet 

 SSG-4000LH  $2,395
• 250 to 4000 MHz
• -60 to +10 dBm Pout
• Pulse modulation
• Low harmonics (-66 dBc typ.)
• USB control

 SSG-4000HP $1,995           

 SSG-6400HS  $4,995
•  0.25 to 6400 MHz
• -75 to +10 dBm output Pout
• AM, PM, FM, and pulse modulation
• USB and Ethernet control

 SSG-6000RC  $2,795                 
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB and Ethernet control

 SSG-6000  $2,695
•  25 to 6000 MHz
• -60 to +10 dBm Pout
•  Pulse modulation
• USB control

New

• 250 to 4000 MHz
• High power, -50 to +20 dBm Pout
• Pulse modulation
• USB control

Models Available from Stock at Low Prices!
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Smartphone Users Worldwide Will Total 
1.75B in 2014eMarketer expects 4.55 billion people worldwide to use 

a mobile phone in 2014. Mobile adoption is slowing, 
but new users in the developing regions of Asia-Pacific 

and the Middle East and Africa will drive further increases. 
Between 2013 and 2017, mobile phone penetration will rise 
from 61.1 percent to 69.4 percent of the global population, 
according to a new eMarketer report, “Worldwide Mobile 
Phone Users: H1 2014 Forecast and Comparative Estimates.”

The global smartphone audience surpassed the 1 billion 
mark in 2012 and will total 1.75 billion in 2014. eMarketer 
expects smartphone adoption to continue on a fast-paced 
trajectory through 2017. Nearly two-fifths of all mobile 
phone users — close to one-quarter of the worldwide pop-
ulation — will use a smartphone at least monthly in 2014. 
By the end of the forecast period, smartphone penetration 
among mobile phone users globally will near 50 percent.

Mobile phone users are rapidly switching over to smart-
phones as devices become more affordable and 3G and 4G 
networks advance. Smartphone users currently account for 
a majority of mobile phone users in 10 of the 22 countries 
included in the forecast. eMarketer expects this to increase 
to 16 countries during 2014.

Lenovo to Acquire Motorola Mobility from 
Google

L enovo and Google have entered into a definitive 
agreement under which Lenovo plans to acquire 
the Motorola Mobility smartphone business. With a 

strong PC business and a fast-growing smartphone busi-
ness, this agreement will significantly strengthen Lenovo’s 
position in the smartphone market. In addition, Lenovo 
will gain a strong market presence in North America and 
Latin America, as well as a foothold in Western Europe, to 
complement its strong, fast-growing smartphone business 
in emerging markets around the world. 

The purchase price is approximately US$2.91 billion 
(subject to certain adjustments), including US$1.41 bil-
lion paid at close, comprised of US$660 million in cash and 
US$750 million in Lenovo ordinary shares (subject to a 
share cap/floor). The remaining US$1.5 billion will be paid 
in the form of a three-year promissory note. 

Lenovo, which in 2005 acquired IBM’s PC business 
and its legendary PC brand, will now acquire world-
renowned Motorola Mobility, including the MOTORO-
LA brand and Motorola Mobility’s portfolio of innova-
tive smartphones like the Moto X and Moto G and the 
DROID™ Ultra series. In addition to current products, 
Lenovo will take ownership of the future Motorola Mo-
bility product roadmap. 

Google will maintain ownership of the vast majority of 
the Motorola Mobility patent portfolio, including current 
patent applications and invention disclosures. As part of 
its ongoing relationship with Google, Lenovo will receive 
a license to this rich portfolio of patents and other intellec-
tual property. Additionally Lenovo will receive over 2000 
patent assets, as well as the Motorola Mobility brand and 
trademark portfolio. 

Motorola Mobility enjoys outstanding brand awareness 
around the world, and is currently the #3 Android smart-
phone manufacturer in the U.S. and #3 manufacturer over-
all in Latin America. 

“The acquisition of such an iconic brand, innovative 
product portfolio and incredibly talented global team will 
immediately make Lenovo a strong global competitor in 
smartphones. We will immediately have the opportunity to 
become a strong global player in the fast-growing mobile 
space,” said Yang Yuanqing, chairman and CEO of Lenovo. 
“We are confident that we can bring together the best of 
both companies to deliver products customers will love 
and a strong, growing business. Lenovo has a proven track 
record of successfully embracing and strengthening great 
brands – as we did with IBM’s Think brand – and smoothly 
and efficiently integrating companies around-the-world. I 
am confident we will be successful with this process, and 
that our companies will not only maintain our current mo-
mentum in the market, but also build a strong foundation 
for the future.” 

Go to mwjournal.com for more commercial market news items

CommercialMarket
Cliff Drubin, Associate Technical Editor

For More
Information

Mobile Phone Users Worldwide, 2012–2017
Billions, % of Population and % Change

Note: Individuals of any age who own at least one mobile phone and use the phone(s)
at least once per month

  Source: eMarketer, Dec. 2013

YEAR
2012

8.5%
6.2% 5.1% 4.7% 3.9% 3.6%

69.4%67.7%65.8%63.5%61.1%58.2%

4.08
4.33 4.55 4.77 4.95 5.13

2013 2014 2015 2016 2017

% ChangeMobile Phone Users % of Population

Mobile Phone IPS to Create a $10B Market 

Indoor positioning systems (IPS) is a term confined to 
indoor positioning presented on mobile/cell phones, or 
the like, to create added value services. For example, 

the derivatives of smart phones taking the form of glasses 
or eyepieces will have the ability to superimpose all man-
ner of information across the items being viewed. Thanks 
to the work of U.S. companies APX Labs, Vuzix and others, 
a service engineer might see “preventative maintenance 
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due now” superimposed on their view of a machine in a 
factory. The position is known in 3D thanks to IPS often 
combined with real time locating systems (RTLS) by which 
second generation RFID tags are interrogated by several 
readers at a time to give location. That technology is usu-
ally different from IPS, which seeks ubiquity before accu-
racy and therefore will use the known location of Bluetooth 
and WiFi emitters and dead reckoning (inertial navigation) 
using the gyroscope, barometer and accelerometer in the 
typical smart phone. Linking RTLS and IPS gives power-
ful facilities that can revert to satellite navigation outdoors 
when the phone, smart glasses or other devices are out-
doors. From consumers to emergency services and even 
surgeons, the uses will be many and varied. 

Whereas IPS is only now starting to be widely deployed 
commercially, Hewlett Packard is servicing an RTLS order 
for $543 million from the U.S. veterans’ hospital group with 
IBM the unsuccessful bidder. This order was 100 times 
the size of the previous record order for RTLS. Indeed, 
IDTechEx forecasts $4.8 billion in RTLS sales worldwide 
in 2024. 

Rather different large companies are clashing over IPS, 
such as Apple, Microsoft Sony and Google because it will 
be a source of competitive advantage and of extra earn-
ing streams in the mobile phone and similar industries. 
They also foresee it in their planned smart watches. RTLS 
is even finding its way into wearable electronics, having 

started with the ubiquitous pendants that track hospital 
staff and give their coordinates when they press the button 
for assistance. Cadi Scientific of Singapore and Harmonic 
Group of South Africa are new RTLS suppliers alongside 
U.S. companies RF Technologies, Zebra Technologies and 
other incumbents. 

Pulsar_Family_Horz_005b.indd   1 3/19/12   1:46 AM

Survey of 74 Case Studies of RTLS by Application

Source: ID TechEx report “Mobile Phone Indoor Positioning Systems (IPS) and Real Time
Locating Systems (RTLS) 2014–2014,” www.IDTechEx.com/ips.
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Mergers & Acquisitions
Tektronix Inc. announced the acquisition of Picosecond 
Pulse Labs. The move is intended to strengthen the 
Tektronix portfolio in the growing market for test equip-
ment to support 100G/400G optical data communications 
research and development. Privately-held Picosecond 
Pulse Labs, based in Boulder, CO, offers products that 
include ultra-high-speed pattern generators, the world’s 
fastest pulse generators and highest bandwidth sampler 
modules. The terms of the transaction were not disclosed.

The Radio Frequency Interference – End Users 
Initiative (RFI-EUI) and the Satellite Interference 
Reduction Group (IRG) announced a merger, helping 
the two groups to better serve the industry and combat sat-
ellite interference together. The merger sees IRG creating 
an umbrella over RFI-EUI, forming two advisory commit-
tees/working groups. The first will be the EUI, covering 
training, best practices and documentation. The second 
will deal with carrier ID and will merge the two existing 
carrier ID working groups of IRG and RFI-EUI. The 
joined working groups will be chaired by Roger Franklin, 
CEO, Crystal Solutions and George Melton, director of 
engineering - Teleport, Turner Broadcasting Systems Inc.

Collaborations
Airbiquity Inc. and Baidu announced a partnership to 
provide connected car internet services to the Chinese 
automotive market beginning in first quarter 2014. With 
this partnership, Airbiquity will integrate Baidu’s popu-
lar Map, Send-to-Vehicle, and Music Service capabilities 
into its Choreo™ private cloud connected vehicle services 
platform and Driver Experience offering supporting con-
nected cars and drivers in China. Airbiquity’s Choreo cloud 
platform and Driver Experience offering connects cars to 
the cloud while fully integrating the most popular smart-
phone apps, cloud content and services into vehicle dis-
plays, controls and voice recognition systems.

CTS Electronic Component Solutions and Microsemi 
Corp. built and tested a joint reference design to offer high 
quality products for applications requiring a master clock 
with a fan-out buffer that deliver ultra-low jitter without 
compromising performance. Specifically, CTS has paired 
its crystal clock oscillator with Microsemi’s high perfor-
mance fanout buffers to distribute multiple output clocks 
with typical jitter in the range of 100 fs for critical circuit 
applications such as CDR, data storage, Synchronous 
Ethernet switches, communication transmitters and re-
ceivers, and high speed Ethernet PHYs and transceivers.

Modelithics Inc. has teamed with Mini-Circuits to de-
velop high-accuracy simulation models of Mini-Circuits’  
3.2  1.6 mm case-size surface-mount LFCN lowpass 
filters and HFCN highpass filters. Six new highpass filter 

models and 15 lowpass filter models will be included in 
the next release of Modelithics’ COMPLETE Library and 
are currently available for free individual download from 
the Mini-Circuits MVP page on the Modelithics website. 
The new filter models mark a significant addition to the 
Mini-Circuits-sponsored simulation capabilities already 
available through Modelithics.

RFMD announced that it will play a key role in developing 
power electronics to support the next generation of clean 
energy in the U.S. RFMD is a foundry and product de-
sign/development partner to North Carolina State (NC 
State) University’s Next Generation Power Electronics 
Innovation Institute, which was awarded a five-year $70 
million contract from the Department of Energy to lead 
next generation power electronics manufacturing. RFMD 
will offer open foundry services to support the NC State-
led program and help accelerate the development of key 
wide bandgap semiconductor products.

New Starts 
Dover announced a plan to spin off certain DCT operat-
ing companies into a standalone publicly traded compa-
ny named Knowles Corp. This decision resulted in the 
split of several business units currently centralized under 
the Ceramic and Microwave Products (CMP) operat-
ing company. While the capacitor companies Dielectric 
Laboratories (DLI), Novacap, Syfer and Voltronics will be 
part of the spinoff, the microwave companies BSC Filters, 
Dow-Key, K&L and Pole/Zero will remain with Dover, 
forming the Microwave Products Group (MPG). Michael 
P. Busse, currently the vice president and general manager 
of DLI, has accepted the position of vice president of busi-
ness development for MPG.

Achievements
Boeing has applied new anti-jamming technology to an 
existing military satellite for the first time, expanding the 
military’s potential to access secure communications more 
affordably. In the test conducted Dec. 15, Boeing suc-
cessfully sent a government-developed, protected signal 
through the sixth Wideband Global SATCOM (WGS-6) 
satellite. Engineers confirmed that the signal met all tar-
gets for accuracy and strength. The demonstration follows 
a successful transmission of data over the ViaSat-1 com-
mercial satellite in July, showing that the technology offers 
an affordable option for enhancing anti-jam communica-
tions using existing commercial and U.S. government satel-
lites and terminals.

Selex ES, a Finmeccanica company, has flown its SAGE 
electronic warfare system on an unmanned aerial system 
for the first time. The system flew on-board a Schiebel 
CAMCOPTER®S-100 UAS in two separate flight tri-
als after an integration period of just two days. SAGE is 
a digital Electronic Support Measure (ESM)/Electronic 
Intelligence (ELINT) system for RF intelligence, surveil-
lance and reconnaissance missions. It enhances situational 
awareness by passively collecting emitter data from RF 

For up-to-date news briefs, visit mwjournal.comFor More
Information

Around the Circuit 
Laura Glazer, Staff Editor
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sources at a tactically significant range, comparing them 
with an emitter library and then identifying and geolocat-
ing any threats.

Agilent Technologies announced the recent installation 
of an Agilent 5600LS atomic force microscope with scan-
ning microwave microscopy at the Cambridge Graphene 
Centre (CGC) in the United Kingdom. The CGC, one of 
the key consortium partners in the Future and Emerging 
Technologies (FET) Graphene Flagship project, is direct-
ed by Andrea Ferrari, professor of nanotechnology at the 
University of Cambridge. This was chosen as one of only two 
FET flagship projects by the European Commission. Each 
project is expected to receive €1 billion over 10 years, half 
from the European Commission and half from EU member 
states. The UK has already invested £60 million to create a 
leading graphene research and technology hub.

Microwave Solutions Inc. announced it has upgraded its 
certification to AS9100C, the aerospace standard contain-
ing requirements for establishing, documenting, imple-
menting and maintaining a quality management system 
(QMS), and continually improving its effectiveness. The 
standard provides suppliers with a quality system needed 
to produce safe and reliable products that are effective and 
assure customer satisfaction.

Spacek Labs has received ISO 9001:2008 certification for 
its Quality Management System. Achieving ISO 9001:2008 
confirms that premium quality management practices are 
adhered to and a systematic approach to quality processes 
and testing is taken to ensure consistent product perfor-
mance and customer satisfaction.

Contracts
Lockheed Martin received two production contracts to-
taling $449 million from the U.S. Air Force for contin-
ued production of the Joint Air-to-Surface Standoff Missile 
(JASSM) and the Extended Range (ER) variant. The Lot 
11 and Lot 12 contracts include production of 340 base-
line missiles and 100 ER missiles. The contracts also in-
clude systems engineering, logistics support, tooling and 
test equipment. This is the first time the JASSM program 
has been awarded consecutive production lots at the same 
time.

GATR Technologies announced that it has been awarded a 
five-year indefinite delivery indefinite quantity (IDIQ) contract 
by the U.S. Army Project Manager, Warfighter Information 
Network-Tactical (PM WIN-T), Product Manager Satellite 
Communications (PdM SATCOM), Commercial SATCOM 
Terminal Program (CSTP) Office. This contract ceiling value 
of $440,045,436 will enable the U.S. Army, the U.S. Marine 
Corps and other commands and services to procure GATR’s 
WGS certified inflatable satellite antennas (ISA) and associ-
ated hardware, services and support.

Exelis has received a $32 million, five-year IDIQ award to 
supply airborne surveillance radars, spares, support equip-
ment and technical services to the U.S. Coast Guard. 

Integrated on the U.S. Coast Guard’s HC-130J Super 
Hercules long-range surveillance aircraft, the AN/APY-
11 multimode radar is designed to support the service’s 
maritime reconnaissance mission, which includes long-
range surveillance, search and rescue, drug interdiction, 
counterterrorism and maritime environmental support. 
The radar’s multifunctionality will augment the U.S. Coast 
Guard’s situational awareness and ability to conduct mis-
sions successfully.

Harris Corp. has received $21 million in orders from a 
NATO country for Falcon® multiband tactical radios. The 
orders were received during the second quarter of fiscal 
2014. The nation is acquiring Falcon III® AN/PRC-117G 
manpack and AN/PRC-152A handheld radios that will 
provide special forces and Army soldiers with wideband 
networking capabilities, as well line-of-sight, ground-to-air 
and tactical satellite voice and data communications.

Aeroflex Holding Corp. announced the signing of two con-
tracts in its Aeroflex Microelectronic Solutions business 
for over $20 million of high-performance, high-reliability 
mixed-signal semiconductors. These key contracts demon-
strate Aeroflex’s ability to leverage its unique intellectual 
property into market adjacencies. These awards are for a 
high-end industrial application and for a next generation 
medical diagnostics company. Aeroflex anticipates begin-
ning to deliver on these contracts during the fourth quarter 
of fiscal 2014 and expect to complete shipments over the 
subsequent 24 months.

API Technologies Corp. announced that it has received 
a $1.4 million order for TPS75 tactical power supplies. 
The company-designed power systems, which debuted at 
the Association of the United States Army (AUSA) annual 
meeting and exposition in October, will be used by the U.S. 
Department of Defense as a lightweight, mobile power 
supply to support a variety of C4ISR, UAV and mission 
control applications.

Thales Alenia Space has signed a contract with Russian 
operator Gazprom Space Systems (GSS) to build the 
Yamal-601 telecommunications satellite, which will provide 
fixed communications, broadcast and Internet access ser-
vices. Based on the Spacebus 4000C4 platform, Yamal-601 
will carry 18 C-Band transponders, 19 Ku-Band transpon-
ders and 26 Ka-Band transponders focusing on Russia. It 
will weigh more than five metric tons at launch, with 11 kW 
of payload power and a design life exceeding 15 years. As 
program prime contractor, Thales Alenia Space is in charge 
of the design, production, testing and turnkey delivery of 
the satellite and its associated ground segment. 

Raytheon signed a contract with BAE Systems to pro-
vide South Korea integrated AESA radar, electronic war-
fare, mission computing technologies and weapon systems 
integration. As a key subcontractor to BAE Systems, the 
company will provide a fully integrated avionics suite that 
includes the Raytheon Advanced Combat Radar (RACR), 
ALR-69A all-digital radar warning receiver, advanced mis-
sion computing technology and weapon systems integra-
tion for more than 130 planes. 

The Swedish Civil Contingencies Agency (MSB) has se-
lected Airbus Defence and Space (formerly Cassidian) to 
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work on a secure data services pilot for the Rakel nation-
wide radio communications network. The project aims to 
complement the existing public safety radio networks by 
using multiple commercial broadband mobile networks, al-
lowing real-time access to mission-related information and 
a wide range of advanced multimedia services. The project, 
which will run until the end of May 2014, is a cooperation 
between the Swedish Civil Contingencies Agency (MSB), 
the Swedish National Police, Uppsala ambulance services, 
Falu municipality and Airbus Defence and Space as the 
technical supplier. 

Huawei has signed an agreement with Orange Polska 
– Orange S.A.’s biggest subnetwork in Northeast Europe 
– for the supply of second-generation E-Band microwave 
products over the next two years. As the largest mobile op-
erator in Poland, Orange Polska provides a range of mobile 
services including GSM, UMTS, and WLAN services. The 
operator constantly develops mobile broadband services 
to improve average revenue per user (ARPU) and under-
stands that mobile backhaul network construction is an im-
portant part of building core competence.

People
Raytheon Co. announced that its 
board of directors has elected Dr. 
Thomas A. Kennedy, to serve as the 
chief executive officer of Raytheon Co., 
effective March 31, 2014. Kennedy will 
succeed William H. Swanson, who has 
served as the CEO of Raytheon Co. 
since 2003, and who advised the board 
of his intention to step down from his ss Thomas A. Kennedy
position as CEO in March, following his 

65th birthday. This change in company leadership was un-
dertaken as part of the board’s orderly leadership transition 
planning process. After March, Swanson will continue to 
serve as chairman of the board of directors while the com-
pany completes the transition to the new CEO. The 
Raytheon board of directors also elected Kennedy to serve 
on the Raytheon Co. board of directors.

EDI CON 2014 announced that Dr. 
Song Junde, professor at the  
Beijing University of Posts and 
Telecommunications, will serve as the 
chairman emeritus. Junde, who held 
the role of honorary chair for the inau-
gural EDI CON in March of 2013, will 
once again provide guidance to the 
event organizers and technical program ss Dr. Song  Junde
planning committee in the develop-

ment of a technical conference focused on advancing 
microwave technology and the communications indus-
try in China. Junde will also act as a critical liaison to 
the academic and research communities throughout 
China. In his role as chairman emeritus, Junde will de-
liver the welcoming message at the opening keynote 
plenary session.
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Anite announced that it has appointed James Bristow
as global sales director of its handset testing business. 
Bristow has extensive, specialized experience of the tele-
communications industry, most recently serving as Juniper 
Networks’ vice president EMEA for service providers. 
Prior to Juniper, Bristow held senior management posi-
tions at various telecoms companies including Alcatel, 
3Com and Bridgewater Systems. He brings to Anite direct 
knowledge of developing global business with international 
Service Providers having lived in North America, Asia and 
Europe.

Maury Microwave Corp. announced the recent hiring of 
Marc Schulze Tenberge as the applications engineering 
manager based in Ontario, CA.  Tenberge holds master’s 
degrees in engineering from the University of Portsmouth 
and in sciences from North Carolina State University. 
Tenberge comes to Maury after nine years with RFMD in 
Greensboro, NC as a test/characterization engineer having 
worked on IV, CV, PIV, transient, load pull, linearity, RF 
and microwave small signal, noise, KGD, AM-PM and rug-
gedness measurements. 

REP APPOINTMENTS
Auriga announced the signing of Elexience as the com-
pany’s reseller for France.

Hesse Mechatronics Inc. announced that it has appoint-
ed HTMG as the company’s sales representative for South 
America. 

MITEQ Inc. announced the appointment of Elina 
Electronic Engineering Ltd. as the company’s exclusive 
sales representative in Israel. Elina Electronic Engineering 
Ltd. will represent MITEQ’s Component and SATCOM 
divisions.  

NuWaves Engineering announced it has added AeroGear 
Telemetry Inc. as an authorized representative of its prod-
ucts and design services for the mid-atlantic, southeast and 
south central regions of the United States, in total covering 
17 states as well as the District of Columbia.

PLACES
COMSOL announced COMSOL Co. Ltd. as a new sub-
sidiary located in China with the opening of offi ces in 
Shanghai and Beijing. The new offi ces establish COMSOL 
direct operations in China by providing software sales, 
exceptional technical support, comprehensive training 
sessions, hands-on workshops, user conferences, and cus-
tomer events. The company’s expansion into the Chinese 
market comes in response to the rapidly growing demand 
for COMSOL Multiphysics® simulation software within 
the country’s diverse high-tech industry and engineering 
community.

Our new IQ modulator, IQ demodulator, and signal source module 
with two independent channels work together to create a stunningly 
compact, high performance 6 GHz IQ transceiver core. These 
modules offer all the flexibility needed for customized test systems. 

w w w. s i g n a l c o r e . c o m

Frequency range 400 MHz to 6 GHz
Low phase noise
High dynamic range

 Booth 244

 Key elements of your wireless test system 
right in the palm of your hand using 

SignalCore’s direct RF to baseband modules

 6 GHz IQ Transceiver

Wide bandwidth up to 160 MHz 
Communications - USB, SPI, PXI
Module size - 5.75 x 3.75 x 0.75 in
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Next month, Microwave Jour-
nal and parent company 
Horizon House will host the 

second annual Electronic Design In-
novation Conference (EDI CON) in 
Beijing, China. Throughout the year, 
we have been keeping our readers up 
to date on its developments as related 
news unfolded, from the announce-
ment of major sponsors to the creation 
of special expert panels and the emer-
gence of notable technical themes 
among the accepted papers. With a 
month left before the event, we have 
a clear sense of what the conversation 
in Beijing will focus on and who will 
be delivering that message. 

Starting with the welcome key-
note by Chairman Dr. Junde Song of 
the Beijing University of Posts and 
Telecommunications, delegates will 
hear directly from this infl uential 
government advisor as he presents 
China’s six major initiatives defi ning 
the country’s internal information and 
communication technology direction. 
Dr. Song has published over a dozen 
books along with nearly 200 techni-
cal papers in English and Chinese on 
mobile communications and the In-
ternet, the future of communications, 
CTI/CRM and the VLSI CAD fi eld. 
Leveraging his current research in 
mobile internet technology, Dr. Song 
will also introduce the development of 
CAD EDA in China and the demand 
and cultivation of engineering talents 
on behalf of universities and industry.

Further in the plenary session, the 
development of 5G systems will be a 
topic considered by several keynote 
speakers including Corbett Rowell, 
director of R&D at China Mobile 
Research Institute, James Kimery, di-
rector of marketing, National Instru-
ments (see his article – The Path to 
5G in this past January’s Microwave 

Journal) and Josef Wolf, manager 
of Rohde & Schwarz Spectrum and 
Network Analyzer Division. Trends in 
future telecommunications from the 
perspective of evolving test solutions 
will be presented by Mario Narduzzi, 
marketing manager for Agilent Tech-
nologies’ modular solutions. Narduzzi 
will offer key insights into how core 
technologies inside next generation 
test instruments are redefi ning mea-
surement speed, accuracy and the 
ability to address increasingly complex 
RF/digital characterization for R&D 
and production – the theme of this 
month’s cover story. As Agilent’s for-
mer manager for its China operations, 
Narduzzi will be able to provide his 
insight into modular test solutions in 
the context of China’s high-frequency 
electronic design market needs.

Last year, our goal was to demon-
strate that the microwave community 
was ready and willing to support an 
industry-driven conference and exhibi-
tion in an emerging market. With the 
success of the inaugural event, partici-
pating companies proved they can cre-
ate and present content that working 
engineers are hungry for. In this issue, 
we have published this year’s three-day 
technical conference and workshop 
schedule to give our global readership 
a sense of what that content looks like. 
Although these papers target an audi-
ence in Beijing, the technology being 
presented would be equally welcome 
in Tampa, FL at IMS or at European 
Microwave Week in Rome, Italy.

This brings me to the tribe. A tribe is 
defi ned as any aggregate of people unit-
ed by ties of descent from a common 
ancestor, a community of customs and 
traditions with adherence to common 
leaders. In the United States, the micro-
wave tribe traces back to the engineers 
and scientists who gathered at MIT’s 
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Radiation Labs in the 1940s to develop 
RADAR technology. The European 
microwave tribe has roots back to early 
theorists such as Maxwell and Hertz 
and more recently to organizations such 
as the CEPT and GSM. Universally, 
our “customs” are defi ned by classical 
microwave theory, our “traditions” are 
chronicled in the trade magazines we 
read and contribute to and the confer-
ences we attend. Our thought leaders 
are those who advance the state of mi-
crowave technology in ways that earn 
our collective respect and admiration. 

Everyone who regularly attends 
conferences and industry trade events 
throughout the year (year after year) 
experiences the pleasure of engaging 
with members of our tribe. I certainly 
enjoy seeing industry folks and for-
mer colleagues at IMS each year and 
I have become increasingly familiar 
with our European counterparts since 
attending EuMW regularly. I know 
an important microwave happening 
is near when I start recognizing faces 
at the airport baggage claim, taxi line, 
hotel lobby, etc. Such encounters pro-
vide a reassuring counterbalance to 
the unease of being on unfamiliar turf. 

At last year’s EDI CON, I took real 
pleasure in seeing members of our mi-
crowave tribe venturing to Beijing to 
represent their companies from Eu-
rope and the U.S. Adding to this great 
group of people, I have begun to rec-
ognize a few members of the Chinese 
microwave community thanks to mul-
tiple country visits in my role as editor 
for Microwave Journal China. While 
the entire global tribe of microwave 
engineers may not speak the same lan-
guage, I am encouraged that together 
we all speak the language of MMICs, 
MIMO and Maxwell. I look forward 
to seeing many of you in Beijing and 
wherever else our paths might cross. ■

The Promise of the Tribe
David Vye, Microwave Journal Editor

Scan page
using           app
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Tuesday, April 8, 2014

 On-Site Registration Opens on April 7, 2014

09:30 - 10:40

Welcome Remarks: Plenary Session Featuring:
2014 Chairman Emeritus, Professor Song Junde, BUPT 
Keming Feng, General Director, Beijing Institute of Radio Metrology and Measurement
Erping Li, Chair Professor and Director of RF and Nanoelectronics Research Center, Zhejiang University  
Mario Narduzzi, Marketing Manager, Agilent Technologies

10:40 - 10:50  EDI CON Exhibition Preview

10:50 - 12:00

Industry Keynotes Featuring 5G Cellular Challenges
Corbett Rowell, R&D Director, China Mobile Research Institute  
Deng Jie, Director of Marketing, ZTE  
James Kimery, Director of Marketing, National Instruments 
Josef Wolf, Director of Spectrum/Network ANA and EMC, Rohde & Schwarz

12:00 - 13:30 Delegate and VIP Lunch

Press Conference 
(Starts at 12:30) 

Press Tour of 
Exhibition will 
follow at 13:00

Exhibition Hours 
(12:00 - 17:00)

General Technical Sessions

TU101: Room A  
(201 A/B) TU102: Room B (201 D) TU103: Room C (203 A) TU104: Room D (203 B) TU105: Room E (203 C)

13:30 - 13:50
 Amplifier Testing: Envelope  

Tracking Technology,  
Frank-Werner Thuemmler,  

Rohde & Schwarz

Impedance Synthesis  
Algorithms for Hybrid  
Harmonic Load Pull,  

Xianfu Sun, Focus Microwaves

Measurement Requirements for 
Dynamic Frequency Selection,  

Xiang Feng, Agilent Technologies 

Effect of Pre-Selection  
and Roofing Filters on Over  

the Air Measurements,  
Brian Avenell,  

National Instruments

MMIC Low Noise Amplifier  
Targeting Next Generation  

Cellular Wireless Infrastructure,  
Loo Kah Cheng, Mini-Circuits

13:50 - 14:10

Addressing the Challenges of 
Synchronization in Envelope  

Tracking Test Solutions,  
David Hall,  

National Instruments 

Mixed-Signal Active Harmonic 
Loadpull for Wideband and Ultra 

High Speed Device  
Characterization,  

Mauro Marchetti, Anteverta

Real-Time Extension to 160 MHz as 
Powerful Spectrum Analysis Tool 

for Monitoring Frequency Hopping 
Signals and  

for R&D Applications,  
Wolfgang Wendler,  
Rohde & Schwarz 

Digitizer-Based Phase  
Coherent Measurements  

for Multi-Antenna Phased Array 
Applications,  
Zhiyin Yun,  

Agilent Technologies 

New ED-PHEMT Technology for 
High Integration  

Application,  
Cheng-Kuo Lin,  

WIN Semiconductors

Workshops

WS_TU101 WS_TU102 WS_TU103 WS_TU104 WS_TU105

14:15 - 15:00

SI Measurements and  
Channel Characterization -  
Agilent Workshop: Signal  

Integrity Measurements  
Technologies in 10G-32G Digital 
System, Deng-Liang Sun, Agilent 

Technologies; and Advanced 
Techniques for  

Characterizing a 28 Gb/s SERDES 
Channel, Robert Sleigh,  

Agilent Technologies

Rohde & Schwarz Workshop: 
The Accurate and Effective  

Measurement of Power  
Amplifiers During  
the Design Phase 
Hongwen Yang,  

Rohde & Schwarz

NI DPD Workshop:  
Digital Predistortion Techniques for 

Mobile PA Test,  
James Kimery,   

National Instruments

Spirent Workshop:  
MIMO OTA  

Channel Validation, 
Hui Xiao, Spirent

CETC 41 Workshop:  
Complex Electromagnetic Signal 
Testing and Analysis Technology, 

Wang Feng, CETC 41

15:00 - 15:30 Tea/Coffee Break

WS_TU201 WS_TU202 WS_TU203 WS_TU204 WS_TU205

15:30 - 16:15

Freescale Workshop:  
Enabling the TD-LTE Rollout 
through Flexible RF Designs,  

Eric Westberg,  
Freescale Semiconductor 

Anritsu Workshop: 
Stable On-Wafer Broadband Device 

Characterization to 110 GHz and 
Beyond,  

Bob Buxton, Anritsu 

Mini-Circuits Workshop: 
Portable and Production Test  

Equipment for RF Products and 
Systems Certification,  

Chi Man Shum, Mini-Circuits

CST Workshop: 
MIMO Antenna  

System Simulation,  
Cier Siang Chua, CST

Bonn Elektronik Workshop: 
High Power Amplifier for EMC 

Testing Application,  
Gerald Puchbauer, Bonn Elektronik

WS_TU301 WS_TU302 WS_TU303 WS_TU304

16:15 - 17:00

MACOM Workshop: 
Breaking the Kilo-Watt  

GaN Boundary,  
Damian McCann,  

MACOM 

Maury Workshop: 
Vector-Receiver  

Load Pull,  
Dong-Liang Yang,  
Maury Microwave

NI Workshop: 
Survey of Wireless Transmitter  

Metrics in Modern Wireless 
Standards, David Hall, National 

Instruments; and Survey of  
Wireless Receiver Metrics in Modern 

Wireless Standards, David Hall, 
National Instruments

EMSS Workshop: 
Board Level Noise Coupling and 

LTE MIMO Antenna Design,  
Peter Futter, EMSS

17:00 - 18:00 Cocktail Reception 

18:00 - 20:00 VIP Dinner

Details in this conference matrix were correct at the time of going to press. They are subject to change.  
For up-to-date information visit our website at www.ediconchina.com.
Details in this conference matrix were correct at the time of going to press. They are subject to change.  
For up-to-date information visit our website at www.ediconchina.com.
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Wednesday, April 9, 2014

Design Track:  
Room A (201 A/B)

Measurement &  
Modeling Track:  
Room B (201 D)

System-Level  
Measurement/Modeling 

Track: 
Room C (203 A)

Systems Engineering 
Track: 

Room D (203 B)

Commercial  
Resources Track: 

Room E (203 C)

WE101 WE102 WE103 WE104 WE105

08:30 - 08:50
An InGaP/GaAs HBT  

Comparator for a 4GS/s 6-bit ADC, 
Jincan Zhang,  

Xidian University

The Evolution of Automatic Fixture 
Removal Techniques,  

Ning Cheng,  
Agilent Technologies

Evolution of A-GNSS Over-the-Air 
Test Methodology,  

Ron Borsato, Spirent

FPGA-Based DiSEqC  
Generator and Analyzer System, 

Jian Xu, Qualcomm

Metal Cylinder Cavities for 
Harmonic Suppression in Stripline 
Power Dividers, Huan-Huan Xie,  

Xi’an Research Institute of 
Navigation Technology 

08:50 - 09:10

Chip Design of a 21.6 GHz Band 
Low-Power Phase-Locked Loop  
Using an Injection Frequency 

Divider Circuit, Wen Cheng Lai, 
National Taiwan University of 

Science and Technology

New Calibrating Requirements for 
Modern Wideband Transceivers, 

Chunlan Qin, Agilent Technologies

MIMO OTA Based on Anechoic 
Chamber for Discriminating  

Between Good and Bad 2x2 MIMO 
Antenna Systems,  

Lars Foged, Microwave Vision Group

Global Navigation Satellite 
Systems and Their Wide  
Range of Applications,  

Frank-Werner Thuemmler,  
Rohde & Schwarz 

High Frequency PCB Design  
and Analysis: Cross-Platform 

Flows/Solutions,  
Milton Lien, AWR

09:15 - 09:35

High Voltage GaN HEMT Doherty 
Power Amplifier Utilizing Hybrid 

Waveform Engineered Design for 
High Efficiency, Zhancang Wang, 

Nokia Solutions & Networks

Optimizing Chip-Module-Board 
Transitions Using Integrated EM 
and Circuit Design Simulation 
Software, John Dunn, AWR

Radiated Two-Stage Method for 
MIMO Throughput Test Demystify,  
Liu Kefeng, General Test Systems

Group Delay Measurement of  
a Satellite in Orbit,  

Thilo Bednorz, Rohde & Schwarz

High Speed and High Power  
Connector Design,  
Klaus Krohne, CST

09:35 - 09:55

A High Voltage GaN HEMT 
Inverted Doherty Power Amplifier 
Utilizing Harmonic Manipulation, 

Zhancang Wang,  
Nokia Solutions & Networks

Evolution of 3D RF  
System Simulation,  

Rickard Petersson, ANSYS

Radiated Two-Stage OTA Test  
Method for MIMO Device  
Performance Evaluation,  

Ya Jing, Agilent Technologies 

Characterization of Satellite 
Frequency Upconverters,  

Thilo Bednorz, Rohde & Schwarz

Continuous Innovation to Satisfy 
Complex Requirements of Signal 

Interconnect,  
Robert Shen, Emerson

10:00 - 10:30 Tea/Coffee Break

Exhibition Hours 
(10:00 - 17:00)

WE201 WE202 WE203 WE204 WE205

10:35 - 10:55

A High Power, Multiband Doherty 
Power Amplifier for Wireless 

Infrastructure Transmitter  
Applications, Jarod Geng,  
Freescale Semiconductor

On Select Modeling Approaches  
for GaN-Based High Electron  

Mobility Transistors,  
Qiang Chen, Agilent Technologies

Measurement of Radio Links in the  
E-Band with Spectrum Analyzers and 

External Harmonic Mixing,  
Wolfgang Wendler, Rohde & Schwarz

Prototyping Massive MIMO, 
James Kimery,  

National Instruments

Temperature Variable Attenuator 
Performance at High Frequencies, 

Moamer Hasanovic,  
EMC/Florida RF Labs

10:55 - 11:15

A Broadband Power Amplifier  
Design via Simplified Real  
Frequency Technologies, 

Chengcheng Xie,  
Agilent Technologies

Stability Analysis of  
Microwave Circuits,  

Stephane Dellier, AMCAD

Test Modules and Multipliers  
for Cost Effective Millimeter  

Wave Measurements,  
Kent Whitney, Millitech

Understanding Bluetooth Low 
Energy and Its Testing,  

Yvonne Liu, Agilent Technologies

GaN-on-Diamond: The Next GaN, 
Justin Saeheng, Element 6

11:20 - 11:40
Linearization Techniques for High 

Power Applications,  
Qin Shen-Schultz, Auriga

Performance Comparison and  
Complexity Reduction of DPD Models, 

Tong Li, Agilent Technologies

Generating and Analyzing Wideband 
Signals in the mmWave Range, 
Zhigang Ma, Rohde & Schwarz

Modern Measurement Methods 
for Enhanced Radar Systems,  
Feng Chen, Rohde & Schwarz

PCB Materials for High  
Frequency Applications,  

Art Aguayo, Rogers Corp.

11:40 - 12:00
Optimizing Linearity  

Measurements,  
Chris Chiccone,  

National Instruments

Integrated Simulation Flow for 
Envelope Tracking Technology in  

PA Design, Xindong Xue,  
Agilent Technologies

RFP™ Frequency Planning Synthesis 
Tool for Wireless Systems Design, 

Peter Xu, AWR

NI-AWR Integrated  
Framework for Radar Design,  

Gent Paparisto,  
AWR/National Instruments

Qualification of RF PCBs as  
Part of Production Testing,  

Josef Koeppl, Rohde & Schwarz

12:00 - 13:30 Lunch Break

Forums & Workshops

PA_WE101 WS_WE102 WS_WE103 WS_WE104 WS_WE105

13:30 - 14:15

GaN Panel:  
Featuring MACOM, Freescale, 

TriQuint, Microsemi and Nitronex 
Sponsored by Richardson RFPD 

Moderated by Pat Hindle,  
Microwave Journal

Peregrine Workshop:  
The Rise of UltraCMOS: Addressing 

the Toughest RF Challenges, 
Complementary to GaN,  

Jack Lu, Peregrine Semiconductor 

Signal Monitoring and Spectrum 
Analysis Workshop: Extend Real 

Time Spectrum Analysis Applications 
using Vector Signal Analysis,  

Qin Zhang, Agilent Technologies;  
Transient Signal Monitoring with the  

MUSIC Algorithm  
Implemented in FPGA,  

Huimin Shi, Agilent Technologies

CST Workshop: 
Simulation and Measurement: 
Complementary Design Tools,  

Klaus Krohne, CST

LeCroy Workshop

WS_WE201 WS_WE202 WS_WE203 WS_WE204 WS_WE205

14:15 - 15:00

RFHIC Workshop:
GaN Transistor Solution for  
Telecommunication Market,  

JaeHo Lee, RFHIC;  
High Efficiency GaN Hybrid Amplifier 

for Small Cell Application,  
JaeHo Lee, RFHIC

OMMIC Workshop:
100 nm GaN/Si Technology  

for mmW Applications,  
Marc Rocchi, ERA/OMMIC 

COMSOL Workshop:  
Shaping Emerging RF Technologies 
through Multiphysics Simulation,  

Jiyoun Munn, COMSOL 

AWR Workshop: 
Implementing Reference Designs 
in Microwave Office Software, 
Francis Leong, AWR; NI-AWR 

Integrated Framework for WLAN 
802.11ac, Gent Paparisto,  

AWR/National Instruments

MIMO OTA Workshop: 
MIMO OTA Testing, Mark Sargent, 
CTIA - The Wireless Organization; 
Driving OTA Standards in APAC, 

Lin Guo, ETS-Lindgren

15:00 - 15:30 Tea/Coffee Break

WS_WE301 WS_WE302 PA_WE303 WS_WE304 WS_WE305

15:30 - 16:15

GaN PA Design Seminar: Part 1 
Intrinsic Cree GaN HEMT Models 
Allow More Accurate Waveform 

Engineered PA Designs,  
Ray Pengelly, Cree

Mitron Workshop:
How to Select Cable Assemblies 

Based on the Applications, 
Wei Liu, Mitron 

MIMO OTA Test Panel:
MIMO OTA Driving Industry Testing 

and Standards,  
Sponsored by Spirent

ANSYS Workshop:
CAE Simulation of Active  

Antenna Array,  
Haiqiang Ding, ANSYS

Rohde & Schwarz Workshop:
Testing of VoLTE Video Over LTE,  

Liu Chang, Rohde & Schwarz

WS_WE401 WS_WE402 WS_WE403 WS_WE404 WS_WE405

16:15 - 17:00

GaN PA Design Seminar: Part 2 
Class F Power Amplifier Design 
within AWR Microwave Office 
Software and Featuring Cree 

Technology,  
John Dunn, AWR

Agilent Workshop:
Use Customizable Modular  

Instrument and System Design Tool  
to Enable Fast Prototyping,  

Yu Zuo, Agilent Technologies 

Richardson RFPD Workshop:
Small Cell 

Jason Su, Richardson RFPD

WLAN Production  
Test Workshop: 

Increase WLAN Manufacturing 
Test Throughput with  

Multi-DUT Test,  
Erik Johnson, National Instruments 

Taconic Workshop:  
Flexible Printed Circuit Materials 
Work in Medical Environments,  

Wingkin Li, Taconic
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Thursday, April 10, 2014

Design Track: 
Room A (201 A/B)

RF/MW  
Measurement/  

Modeling Track:  
Room B (201 D)

EMC/EMI & HSD 
Measurement/ 

Modeling Track: 
Room C (203 A)

Systems Engineering 
Track: 

Room D (203 B)

Commercial  
Resources Track: 

Room E (203 C)

TH101 TH102 TH103 TH104 TH105

08:30 - 08:50

Broadband Circularly Polarized 
Microstrip Antenna Production, 

Huang Shanshan,  
School of Electronic and Optical 

Engineering, NUST

Noise Parameter System Verifica-
tion Using Passive Noise Standards, 

Aihua Wu,  
Hebei Semiconductor Institute 

Impact of RF Solid State Switch  
in Phase Noise and Jitter Test 

Measurement on the ATE,  
Yean Feng Chek, Texas Instruments

Data Compression Methods  
to Stream Highest Bandwidth 

Radar Pulses,  
Beate Hoehne,  

Agilent Technologies

ETSI MIMO Wireless Device 
Regulatory Test System,  

Brian Chi, Agilent Technologies 

08:50 - 09:10

 Dual Circularly Polarized  
Monopulse Tracking Feed  
for Cassegrain Reflector  

Antenna at S-Band,  
Rajesh Chivukula, Larsen & Toubro 

Revisiting the Uncertainty  
Calculation of Y-Factor Noise  

Figure Measurement,  
Guoquan Lu, Agilent Technologies

Simulation and Measurement  
of Power Supply Common-Mode 

Rejection,  
Hongmei Fan, Cisco

500 MHz Analysis Bandwidth 
for Wideband Applications Like 

Pulse Analysis for RADAR Signals 
or Multi Carrier Group Delay 
Measurement for Satellite  
Communication, Wolfgang 
Wendler, Rohde & Schwarz 

Performance of the Dual Polarized 
Spatial Channel Model Including: 
Ergodicity, Spatial and Temporal 

Characteristics,  
Hui Xiao, Spirent

09:15 - 09:35
Antenna Performance of LTE 
Enabled Handheld Tablets,  

Peter Futter, EMSS 

Comparison of Noise Figure 
Measurement Between Y-Factor 

Method and Cold-Source Method, 
Di Liu, Agilent Technologies 

FFT-Based Time-Domain EMI Mea-
surements: Benefits, Challenges and 
CISPR Emission Standard References, 

Volker Janssen, Rohde & Schwarz

Measurement of I/Q Mismatch  
in MIMO-OFDM Transmitters, 

Ziquan Bai, Agilent Technologies

Agilent Forum: 
A Broadband Power Amplifier 
Design and Broadband DPD  

Measurement,  
Xiongbin Liao, Agilent Technologies; 
Digital Predistortion Measurement 

for HF Power Amplifier,  
Jinbiao Xu, Agilent Technologies09:35 - 09:55

Systems Approach to Advanced 
Active Antenna Architecture 

Critical for Performance Gains in 
Wireless LTE Devices,  

Quanxin Wang, Ethertronics

Efficient Noise Extraction Algorithm 
and Wideband Noise Measurement 

System from 0.3 to 67 GHz,  
Van-Hoang Nguyen,  
Focus Microwaves

Practical Guide to Making Advanced 
Jitter Measurements,  

Min Jie Chong, Agilent Technologies

Phase Coherent Signal Creation 
with up to Twelve Channels with 
High Performance Multi-Channel 

AWG, Beate Hoehne,  
Agilent Technologies

10:00 - 10:30 Tea/Coffee Break

Exhibition Hours 
(10:00 - 15:00)

TH201 TH202 TH203 TH204 TH205

10:35 - 10:55
Innovative Approach to Design  

of an Electrically Small  
Cassegrain Reflector Antenna,  

Ranadeep Saha, Larsen & Toubro

A Computer Centric Pulse Creation 
and Measurement Method  
for the Characterization of  
High Power RF Devices,  

Yong Liu, Philips

High Speed DDR Memory Debug and 
Characterization with a  

Mixed Signal Oscilloscope,  
Min Jie Chong, Agilent Technologies

Near Field Communication  
Overview and Measurements,   
Xiang Zhou, Rohde & Schwarz

Advances in Quasi-Optical and 
Free-Space mm-Wave and THz-

Region Materials Measurements, 
Jon Martens, Anritsu

10:55 - 11:15
Compact X-Band Microstrip  

Patch Antenna Design for Radar 
Application, Manoj Dwivedi, 

Bharat Electronics

Pulsed IV/RF Measurements 
Techniques and Tips,  

Qin Shen-Schultz, Auriga

Synchronization of Multiple  
Oscilloscope Measurement  
Systems to Sub-ps Levels,  

Brig Asay, Agilent Technologies 

Analog RF Test Methodology and 
Architecture for NFC Devices, 

Dharmendra Lingaiah,  
National Instruments 

Mixed Domain Analysis:  
Tektronix Innovations in the  

Field of Radio Frequency,  
Sun Yong, Tektronix

11:20 - 11:40
New Simulation Approach for 

Antenna Array Design,  
Hao Li, ANSYS

Electro-Thermal Analysis of RF/
Microwave Planar Devices with 

ANSYS Multiphysics,  
Yong Yuan, ANSYS 

Automate Multilane  
Gigabit Serial Testing,  

Min Jie Chong,  
Agilent Technologies

FDD-LTE Radio Spectrum Emission 
Mask Analysis and Optimization,  

Ming Huang,  
Nokia Solutions & Networks

S-Band Modules and Pallets with 
Reduced Size and Weight for Next 
Generation Traditional and Latest 
Phased Array RADAR Applications, 

Damian McCann, MACOM

11:40 - 12:00

A Very-Near-Field Measurement 
Technique to Test Large Antennas 

in the Lab,
Erkan Ickam, EMSCAN

An Integrated Electro-Thermal 
MMIC/RFIC Design Flow,  

YuFu Li, AWR 

Uncertainty and Stability  
in True Differential-Drive  

Measurements,  
Jon Martens, Anritsu

A Comparison of the EMVCo and 
ISO10373-6 Power  

Calibration Method,  
Feng Liu, VI Service

DC to the mmW Range Ultra-
Compact High Precision Power 
Measurements using Android 

Mobile Devices,  
Wei Dong, Rohde & Schwarz

12:00 - 13:30 Lunch Break

Featured Panels

WS_TH101 WS_TH102 WS_TH103 WS_TH104

13:30 - 14:15

AWR EM Design Workshop: 
Combining Planar and 3D EM 

Simulators for RF System Board: 
Techniques for Better Results,  

John Dunn, AWR 

RF Semiconductor Workshop:  
High Performance RF and mmWave  

Designs on Silicon-Based Technologies, 
Yuan Quan, MOSIS;  

GaN HEMT Transistor for the Amplifier 
in the Base Station of LTE,  

Naiqian Zhang, Dynax

Rohde & Schwarz Workshop:  
Analysis of RADAR Pulses with 500 

MHz Analysis Bandwidth and  
Real-Time Spectrum Analysis, 

Wolfgang Wendler, Rohde & Schwarz 

Radar Simulation Workshop: 
An Automatic Phased Array Radar 

Calibration Solution, Ben Niu, 
Agilent Technologies; Universal 

Reconfigurable Architecture 
Design Radar System Simulation, 

Cheng Wang, Agilent Technologies

PA_TH401 PA_TH402 PA_TH403

14:15 - 15:00

Semiconductor Panel:
Aligning RF Semiconductor  
Technology to End-Use Ap-

plications, Featuring Freescale, 
OMMIC, Peregrine and  
TriQuint Semiconductor 

Moderated by: Zhancang Wang, 
Nokia Solutions & Networks

EDA Design Flow Panel: 
Featuring Agilent, ANSYS, AWR, 

CST and Sonnet 
Moderated by: David Vye,  

Microwave Journal

Telecommunications Panel:
Trends in Future  

Telecommunications Systems and 
Their Engineering Challenges,  

Featuring Agilent, Spirent, R&S, 
Anritsu and NI 

Moderated by: Guangyi Liu,  
China Mobile Research Institute

REGISTER TODAY!
EDICONCHINA.com
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GaN Devices 
and AMO Technology 
Enable High Effi ciency 
and Wide Bandwidth
Raymond Pengelly and Ryan Baker
Cree Inc., Research Triangle Park, NC
Mattias Astrom and Joel L. Dawson
Eta Devices, Cambridge, MA

As wireless communications expand in 
bandwidth, number of users and geo-
graphic coverage, there is a growing 

demand for higher effi ciency in the power 
amplifi er portion of base station transmitters. 
Wireless power amplifi ers consume more than 
half the total power required to operate a base 
station. Reducing that consumption through 
higher effi ciency offers several benefi ts, start-
ing with the obvious benefi t of lower operating 
cost. While a lower utility bill is a signifi cant ad-
vantage, less waste heat means reduced equip-

ment cooling require-
ments and increased 
reliability. With less 
concern about tem-
perature rise, a wire-
less operator has more 
fl exibility in locating 
the new base stations 
required to support 
the dramatic increase 
in wireless data usage 
provided by 4G and fu-
ture generations.

But higher effi -
ciency must be accom-
panied by the wider 
bandwidth and high 

linearity demands of 4G wireless signals. To 
address this issue, recent startup Eta Devices 
Inc. is commercializing a technology devel-
oped at MIT: asymmetric multilevel outphas-
ing (AMO). AMO combines the high linearity 
of outphasing with effi ciency-enhancing, mul-
tilevel, discrete switched drain bias. Discrete 
switched drain biasing is the key to supporting 
wide bandwidths while maintaining high ef-
fi ciency, and is the greatest advantage of this 
technique over traditional envelope tracking. 
Figure 1 illustrates how AMO achieves effi -
ciency improvement over outphasing alone.

In any outphasing system, maximum effi -
ciency is obtained from the individual power 
amplifi ers’ performance. In their high power 
amplifi er designs, Eta Devices uses GaN 
HEMT devices, which have demonstrated 
practical peak drain effi ciencies exceeding 80 
percent. GaN technology was selected for its 
improved performance over existing silicon 
devices, which struggle to exceed 70 percent 
peak drain effi ciency under similar conditions.

Along with high performance RF amplifi ers, 
the power supply switching system must also 
be optimized for low-loss switching with mini-
mal transients. System timing is critical, re-
quiring management of the delay in each signal 
and control path. And once properly synchro-
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 Fig. 1  Theoretical effi ciency of AMO modulation 
with four amplitude levels, compared to two-level AMO 
and “one-level” outphasing (or LINC – linear amplifi ca-
tion with nonlinear components). 
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nized, Eta Devices’ 
proprietary digital 
predistortion (DPD) 
techniques are criti-
cal to achieving the 
demanding adjacent 
channel power ratio 
(ACPR) specifica-
tions for 4G systems. 
This architecture 
has been imple-
mented at a variety 
of power levels and 
applications, from 
1 W PAs for hand-
sets and WLAN 
transmitters to 100 
W PAs for base sta-
tions, and with a 
variety of semicon-
ductor materials, in-
cluding GaN, GaAs 
and silicon.

AMO VS ET 
Operation

Two well-known 
methods for achiev-
ing linear amplifica-
tion with nonlinear 
power amplifiers are 
outphasing and en-
velope tracking (ET). 
Outphasing uses two 
phase-modulated 
amplifiers operat-
ing at constant am-
plitude. The input 
signal is converted 
to the proper phas-
es and presented 
to the amplifiers, 
whose outputs are 
combined so that 
reinforcement and 
cancellation of the 
phase components 

results in a signal that replicates the 
input accurately. In practice, outphas-
ing requires a power combiner that 
provides a consistent load for each 
PA, isolation between the amplifiers, 
and high power handling capability. 
These characteristics can be difficult 
to achieve, especially over a wide 
bandwidth. Another limitation of out-
phasing is that signals with high peak-
to-average power ratios (low average 
power output) result in reduced ef-
ficiency since much of the amplifiers’ 
power is wasted and dissipated by a 
resistive load.

s Fig. 2  Block diagram of AMO.
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Call  Now 800-404-ATEC (2832)   

ADVANCED TEST EQUIPMENT RENTALS
The Knowledge. The Equipment. The Solution.

Visit  us www.atecorp.com/MJ

®

Established 1981

Test Equipment
RENT

IN STOCK & CALIBRATED
RF Power Amplifiers 

Data Acquisition Systems
Oscilloscopes · Antennas 

E & H Field Strength Generators
Real-Time Spectrum Analyzers 
Network Analyzers · Sweepers

Precision Power Analyzers  
Power Supplies · Loads 

Signal Generators & more...

INDUSTRY PARTNERS
Aeroflex · Agilent · Amplifier Research 
Anritsu · Com-Power · CA Instruments 

CPI · ETS-Lindgren · EM Test · IFI · Narda 
Ophir · Rohde & Schwarz · Sorensen

Teseq · Textronix · Yokogawa & more...

 Fig. 5  Test transmitter block diagram.
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• Smaller   • Surface Mount 
• Frequency Stable Over Temperature

Dielectric Laboratories
Introduces EW Series  

Catalog Filters

DLI has been well known for build-to-performance custom filter technology tailored 
to specific design applications. Now DLI is producing a line of catalog filters suitable 
for a wide range of requirements. Our EW Series band pass filters are in stock  
and ready to ship on demand.

More information on these filters and  
other DLI solutions can be found in the  
Resources section of our website:  
http://www.dilabs.com

You can also contact DLI’s sales/support  
staff at sales@dilabs.com,  
or phone (315) 655-8710.

Advancing Possibilities  
With Ceramic Components

DIELECTRIC LABORATORIES    •    NOVACAP    •    SYFER TECHNOLOGY    •    VOLTRONICS

ing and envelope tracking are ad-
dressed by AMO, which combines the 
most desirable features of outphasing 
and envelope tracking for improved 
performance. A block diagram of 
AMO is shown in Figure 2, where 
Figure 2a shows the basic functions, 
and Figure 2b illustrates a typical 
implementation scheme. It begins 
with signal processing that delivers 
phase modulated signals to the pow-
er amplifi ers, which have multilevel 
supply modulators. The outputs are 
combined for an amplifi ed signal with 
high linearity that maintains the high 
effi ciency of the nonlinear PAs.

While the physics of AMO solu-
tions is conducive to high bandwidth 
modulation at high effi ciencies, it 
does come at the price of non-tradi-
tional DPD solutions which are at the 
core of this AMO implementation. 
Although the structure of the DPD 
is non-traditional, the computational 
resources required do not differ from 
that of traditional DPD. Thus, there 
is no hidden power cost associated 
with increased digital complexity that 
would undermine the overall effi cien-
cy gains. In summary, AMO allows a 
tradeoff to address the limitations of 
outphasing and envelope tracking be-
haviors, resulting in a system with the 
best characteristics of each.

GaN DEVICE AND PA DESIGN
The effi ciency of the core switch-

mode PA determines the maximum 
system effi ciency of techniques like 
outphasing, ET and AMO. For pres-
ent day wireless communications am-
plifi ers, most of the highest effi ciency 
production devices are fabricated us-
ing GaN processes. For example, the 
GaN HEMT devices1 used in a pro-
totype developed at MIT2 are speci-
fi ed at 65 percent (3.6 GHz) and > 70 
percent (2 GHz) typical effi ciency at 
their maximum saturated output pow-
er. The PA circuit diagram is shown in 
Figure 3, and Figure 4 is a photo of 
the assembled amplifi er. For AMO ap-
plications, the PA is designed to have 
good performance over the range of 
drain voltages to be delivered by the 
stepped-switching supply modulator.

OVERALL PERFORMANCE
A complete transmitter (see Fig-

ure 5) includes several additional 
system components. Baseband I and 
Q signals are delivered to a digital 

the problem for ET is the supply mod-
ulator, which must excel in many dif-
ferent aspects of performance. It must 
handle a lot of power, be extremely ef-
fi cient, be highly linear, be high reso-
lution, inject very little noise into the 
system, and support wideband modu-
lation. Modern wireless standards de-
mand increased bandwidth without 
relaxing any of the other performance 
demands, putting the future of ET-
only solutions in doubt.

The design challenges of outphas-

ET splits the RF signal into sepa-
rate phase angle and amplitude com-
ponents. The PA operates in saturated 
mode, typically one of the switching 
modes such as Class E. Phase modu-
lation is applied to the RF drive while 
the DC supply to the PA is modu-
lated with the amplitude envelope, 
thus phase and amplitude are both 
restored at the output. ET, despite 
its popularity, is challenged by the in-
creasing bandwidth requirements of 
4G and WLAN standards. The crux of 
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the four-level AMO test transmitter. 
The AMO system architecture using  
Class E GaN PAs, combined with the 
latest DPD implementation, delivers 
an average, modulated drain efficien-
cy of 70 percent at 1 MHz bandwidth, 
with only a slight reduction to 68 per-
cent at 20 MHz bandwidth. Supply 
modulator losses are included in the 
efficiency measurement.

Figure 7 shows the spectral en-
ergy in adjacent channels with the lat-
est DPD implementation. At 20 MHz 
channel bandwidth, ACPR perfor-
mance is > 54 dBc while maintaining 
68 percent efficiency. Measured data 
for efficiency versus backoff is shown 
in Figure 8. While these devices 
have 70 percent modulated drain ef-
ficiency (including modulator losses) 
at maximum average output power, 
the performance at backoff is argu-
ably more important. This is because 
network operators almost never op-
erate their base stations at maximum 
average output power. Instead, it is 
normal to operate at 30 to 50 percent 
of the maximum. Figure 8 shows that 
this device system loses only 10 per-
cent efficiency for 10 dB backoff from 
maximum average power. For a signal 
with a 7 dB PAPR, this is actually a 17 
dB backoff from peak power.

This technology continues to expand 
its capabilities, focusing on support 
of both LTE and MC-GSM, enabling 
software-defined radio, and meeting 
the challenges of expanded bandwidth 
standards such as WLAN. ■

References
1.		 CGH40010 data sheet, Cree Inc., available 

at www.cree.com/rf/.
2.		 P. Godoy, S.W. Chung, T. Barton, D. Per-

rault and J. Dawson, “A Highly Efficient 
1.95 GHz, 18 W Asymmetric Multilevel 
Outphasing Transmitter for Wideband Ap-
plications,” IEEE International Microwave 
Symposium Digest, June 2012.

drives the supply modulator circuit. 
RF preamplifiers provide the neces-
sary drive levels, and at the output a 
combiner sums the PA outputs into a 
single RF output.

Performance Summary
AMO combines the desired at-

tributes of outphasing and envelope 
tracking obtained with either meth-
od alone. Figure 6 shows efficiency 
versus bandwidth performance for 

predistortion (DPD) and modulation 
signal processor implemented with an 
FPGA. In this system, DPD is imple-
mented with a lookup table construct-
ed from measured static nonlinearity 
of the transmitter for the various com-
binations of DC levels at the PA. Out-
phasing channel phase modulation 
data is delivered to digital-to-analog 
converters and phase modulators for 
the two PAs. Amplitude modulation 
data, with coarse delay correction, 

s Fig. 8 Measured efficiency at backoff 
(ACPR > 45 dBc). The four individual drain 
voltages are shown, with the dotted line illus-
trating how 4-level AMO achieves system ef-
ficiency over the entire power backoff range.
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Quasi-Optical Techniques 
for Measuring Material 
Properties in the THz Region
Jon Martens, Anritsu Co., Morgan Hill, CA
Jeffrey Hesler and Alex Arsenovic, Virginia Diodes Inc., Charlottesville, VA

Electronic applications are being devel-
oped at frequencies in the several hun-
dred gigahertz (GHz) and even tera-

hertz (THz) regions. Today, most of the work 
is at the research stage for applications in elec-
tronic, chemical, biological and material devel-
opment. Many organic compounds have mo-
lecular resonances above a few hundred GHz, 
which are being studied for use with spectros-
copy for chemical and biological applications. 
Device improvements in these frequency 
ranges have also led to a considerable amount 
of research in networking and radar systems. 
Although atmospheric absorption resonances 
make certain applications challenging, there 
are windows throughout the THz region (see 
Figure 1) that allow free space applications 

such as radar, security and radio astronomy.
As new applications develop, there is a grow-

ing need for improved material measurement 
capabilities in the THz region. Lower frequen-
cy measurements scaled to higher frequen-
cies were used to support early developmental 
work; however, these are limited by S-param-
eter measurement uncertainties and changes 
in the material parameters. Today, free-space 
and quasi-optical measurements in the THz 
region have become more practical. Anritsu 
and Virginia Diodes Inc. (VDI) are teamed up 
to deliver a measurement solution that enables 
the development of many of applications. This 
article discusses the use of a vector network 
analyzer (VNA) with THz frequency extend-
ers to accurately characterize materials using a 
quasi-optical measurement technique.

MEASUREMENT SETUP
The test solution may be confi gured in sev-

eral ways for quasi-optical measurements. The 
measurements can be performed using a VNA 
two-port technique (S21) or a one-port tech-
nique (S11). Figure 2 shows four confi gura-
tions using both techniques. The collimated 
beam confi gurations (see Figure 2a/c) require 
fairly large material samples that can be dif-
fi cult to obtain. While the two-port focused 
beam (see Figure 2b) allows for smaller sam-
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 Fig. 1  Atmospheric windows in the THz region.
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overdetermined least squares calibra-
tion technique, as implemented in the 
Python module scikit-rf.1,2 This tech-
nique uses more than the minimum 
number of calibration standards and 
solves for the parameters in a least-
squared sense. By using multiple 
standards, the residual errors can be 
analyzed to provide a measure of cali-
bration quality.

The calibration standards are a 
series of five delayed reflections with 
known delay distances. The metal 
reference plate is at the focal point of 
the quasi-optical system. As shown in 
Figure 4, the metal plate and focusing 
mirror are both mounted on the same 
stage. This stage is then translated 
along the direction of the collimated 
beam using a micrometer to generate 
the set of delayed reflection calibra-

offers excellent stability at these fre-
quencies to minimize phase changes, 
enabling accurate determination of a 
material’s permittivity. The VDI WM-
250 (WR-1.0) VNA extender offers a 
dynamic range of up to 60 dB, a mag-
nitude stability of ±1 dB and a phase 
stability of ±15°. Its compact size al-
lows it to be placed in close proximity 
of the focusing mirrors.

In our configuration, the focus-
ing mirror and reflecting plate/mate-
rial sample move as one. This allows 
the focal point to stay relatively fixed 
while the collimated portion is length-
ened (see Figure 4), providing a more 
linear phase offset.

OverDetermined Least 
Squares Calibration

The setup is calibrated using the 

ples, the alignment can be very chal-
lenging. The one-port method (see 
Figure 2d) allows for both a smaller 
sample size and easier alignment. The 
one-port method is the configuration 
used for the measurements described 
in this article.

Figure 3 shows the measurement 
test setup. The Anritsu VectorStar 
VNA controls the test process and 
provides both the stimulus and re-
sponse signals. The VDI WM-250 
(WR-1) extender module upconverts 
the signal to the 750 to 1100 GHz fre-
quency range. A feedhorn antenna is 
attached to the waveguide output of 
the extender. The radiated signal il-
luminates the mirror pair (right angle 
turns) and the beam is focused on the 
reflecting plate shown on the right 
side of the picture. The test samples 
are taped to the reflecting plate.

The VNA (20, 40, 50 and 70 GHz 
versions) forms the basis for many 
millimeter wave measurement test 
solutions. The base VNA can be com-
bined with the 3743A mm-wave mod-
ules for broadband coverage from 70 
kHz to 125 GHz or used with VDI 
modules for measurements up to 1 
THz. The VNA offers calibration and 
de-embedding flexibility, making it 
easier to perform more elaborate and 
accurate free-space calibrations. It 

s Fig. 4  Focusing mirror and reflecting plate/material sample.
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s Fig. 2  One- and two-port quasi-optical 
measurements configurations.
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s Fig. 3  One-port focused beam quasi-optical measurement test setup.
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ripples across the measured data. 
The VNA can transform the swept 
frequency domain data into the time 
domain to enable the use of time do-
main gating. Figure 8 shows the time 
domain result, which can be used to 
set time domain gating. Transforming 

ure 6 compares the remeasured re-
flective standards to the load standard, 
providing an estimate of the smallest 
measurable return loss given the cali-
bration quality.

Reducing Multipath With 
Time Domain Gating

In the quasi-optical setup there 
are a number of inherent multipath 
reflections (see Figure 7). These 
multipath signals combine with the 
desired signal and often result in large 

tion standards. A piece of 45 degree 
angled absorber is used as a matched 
load.

The overdetermined calibration 
provides a directly interpretable es-
timate of achievable measurement 
quality by looking at the measured 
S-parameters of the calibration stan-
dards (see Figure 5). Use of more 
than the minimum set of standards 
provides a more stable solution to 
the system of equations over a broad 
bandwidth, and better accuracy. Fig-

s Fig. 5  Measured S-parameters of the 
calibration standards on the Smith Chart.

s Fig. 6  The test setup shows accurate 
measurements for the calibration standards.
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s Fig. 8  Swept frequency domain data 
transformed into the time domain to enable 
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of this method was surprisingly good 
for such a simple technique.

The known dielectric constant and 
loss tangent for each material were 
used to generate theoretical curves 
for comparison with measured results. 
Each value was adjusted slightly until 
the results aligned with the measure-
ments. This guess-and-check method 
is a simple way to compare theoreti-
cal permittivity with that derived from 
the measurement.

Figure 10 shows measured results 
for the 0.014" thick AlN sample along 
with the theoretical expectation. The 
uncertainty bounds are based on re-
peatability. Time domain gating was 
used to reduce the ripple effects from 
the multipath reflections in the test 
setup. Figure 11 shows the measured 
results of the 0.039" thick quartz sam-
ple along with the theoretical expec-
tation. Time domain gating was again 
used to reduce ripple effects from the 
multipath reflections in the test setup. 
The cusps are due to the reflections at 
the front and back of the sample in-
terfering and are expected. The clean-
liness of the cusps suggests that the 
planarity of the sample was good.

used as a dielectric or passivation lay-
er. The material samples were taped 
to the metal reference plate at the fo-
cal point of the lens. To estimate the 
uncertainty associated with the coarse 
mounting technique, measurements 
were repeated four times for each 
sample. In between each measure-
ment, the sample was removed and 
remounted so that the resultant set 
of measurements would capture the 
mounting uncertainty. As shown in 
the following plots, the repeatability 

the data into the time domain enables 
removal of most multipath reflections. 
Through the use of gating, the mul-
tipath ripple is significantly reduced, 
providing measurement results that 
are close to theoretical (see Figure 9).

Measurement Results
Aluminum nitride (AlN) and quartz 

are two dielectric materials commonly 
used in a number of device processes 
at these frequencies. Quartz is primar-
ily used as a substrate and AlN is often 

s Fig. 9  Time domain gating reduces the 
effects of multipath reflection; no gating (a), 
with gating (b).
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measurements of many technological 
materials in the THz region. ■
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Conclusion
The quasi-optical one-port mea-

surement solution successfully dem-
onstrates use of the Anritsu VectorStar 
VNA and the VDI frequency extender 
to accurately determine the complex 
dielectric properties of AIN and quartz 
materials. The measured data shows 
minimal sensitivity to the reposition-
ing of the dielectric samples and very 
good repeatability. This technique en-
ables accurate complex permittivity 

s Fig. 10  Measured vs. theoretical results 
for a 0.014" thick AlN sample; magnitude (a), 
phase (b).
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for a 0.039" thick quartz sample; magnitude 
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The Impact  
of Power Amplifier  
Turn-On Characteristics  
in Cognitive Radio Networks
Gavin Watkins and Stephen Wang
Toshiba Research Europe Ltd., UK

Cognitive radio networks (CRN) often assume that the transmit chain can be 
instantly switched on and off. In practice, however, there is a delay between DC 
power being applied to a radio frequency (RF) power amplifier (PA) and the 
achievement of full output power and linearity requirements. There is also excess 
power consumption as the PA reaches its static operating conditions. The findings 
presented here as a result of PA measurements suggest that to guarantee correct 
operation without any spurious distortion products interfering with other users, 
a non-negligible delay is required after applying power and before beginning 
transmission.

CRNs are often regarded as viable op-
tions for future mobile communica-
tions standards operating over very 

wide frequency bands.1,2 In wideband CRNs 
with multiple channels available for sharing, 
user throughput can be significantly increased 
by performing a “spectrum handoff,”3 in which 
the user switches to a vacant channel to con-
tinue data transmission if the current channel 
becomes busy (see Figure 1).

Spectrum sensing is used to check that a 
particular channel is vacant. If it is, spectrum 
handoff occurs. As shown in Figure 1, periodic 
spectrum sensing and access requires inter-
mittent transmission and occasional switching 
between channels.3 It is assumed that in the 
transmit chain, the PA consumes the major-

ity of battery power, particularly if high peak-
to-average power ratio (PAPR) standards like 
3GPP Long Term Evolution (LTE)4 are used. 
To conserve power, the PA is switched off be-
tween transmissions instead of simply being 
placed into a standby mode. Generally, howev-
er, PAs are designed to transmit continuously. 
By being periodically switched on and off, the 
PA is operating outside of its normal operating 
mode, and hence static specifications supplied 
by the manufacturer no longer apply.

Measurement Setup
Figure 2 illustrates our measurement ap-

proach using a digital sampling oscilloscope. 
This allows the PA’s RF output voltage and 
current consumption to be simultaneously 

86 	 	 MICROWAVE JOURNAL  MARCH 2014

MWJ
REVIEW
BOARD
APPROVED

TechnicalFeature

__3M31 FINAL PROOF.indd   86 2/28/14   1:36 PM



MWJCPI0114.indd   87 2/28/14   10:54 AM

http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=87&exitLink=http%3A%2F%2Fwww.cpii.com%2Fbmd
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=87&exitLink=mailto%3Abmdmarketing%40cpii.com


88 	 	 MICROWAVE JOURNAL  MARCH 2014

TechnicalFeature

the one on the top right the current 
sense output. The ADL5536 is at the 
bottom of the board and above it is the 
transistor that applies power when a 
trigger signal occurs.

Third order intermodulation dis-
tortion (IMD3) generated by the two-
tone test7 is assumed to be equivalent 
to adjacent channel power (ACP) gen-
erated by a wideband signal, i.e., LTE. 
To make an accurate ACP measure-
ment, it must be averaged over mul-
tiple frames. In the case of LTE, the 
frame length is 10 ms. As will later be 
seen, the PA’s linearity characteristics 
vary considerably over a 10 ms period. 
For this work, data is collected over a 
2 µs period and the IMD3 is derived 
by applying a Fast Fourier Transform 
(FFT) to the samples. It is assumed 
that the IMD3 does not change ap-
preciatively over 2 µs. A two-tone test 
with tones at 600 and 610 MHz result-
ing in IMD3 products at 590 MHz (2 
× 600 – 610 MHz) and 620 MHz (2 
× 610 – 600 MHz) are accurately re-
solved by the FFT. 

Turn-On Delay and Power 
Consumption

The amplifier’s turn-on character-
istics with a two tone test are shown 
in Figure 4 over the first 9 µs of op-
eration after the trigger. The trigger 
signal (green trace) occurs at 1 µs. 
The RF input level is adjusted so that 
under static conditions, the amplifier’s 
IMD3 meets the WCDMA emission 
mask of –33 dBc.8 Under these condi-
tions, the output power (Pout) is 17.7 
dBm. Although the PA starts to pro-
duce an output voltage (blue trace) 2 
µs after the trigger (at time = 3 µs) it 
takes a total of 4 µs (at time = 5 µs) be-
fore the output voltage reaches its full 
amplitude. The PA turn-on delay (Td) 
for full output power is therefore de-
termined to be 4 µs. The large current 
spike (red trace) is due to the PA bias-

ond, a stopwatch is used and the os-
cilloscope is manually triggered. The 
delay enables the PA’s output voltage 
to be sampled at a time offset.

For this work, the PA is an Analog 
Devices ADL55365 with a 1 dB com-
pression point (P1dB) of 20 dBm. An 
operating frequency of 600 MHz is 
chosen, which is in the TV white space 
band frequently touted as a suitable 
location for CRNs due to its propaga-
tion characteristics and usage profile.6 
The PA’s current consumption is mea-
sured by sampling the voltage across 
a current sensing resistor (g) with a 
differential amplifier (h). An RF sig-
nal generator (j) produces a two-tone 
test signal. A photograph of the test 
board is shown in Figure 3. The RF 
input is applied to the SMA connector 
on the bottom left, with the output on 
the bottom right. The SMA connector 
at the top left is the trigger input and 

sampled. A function generator (a) 
produces a trigger signal controlling 
the transistor switch (d) that applies 
power to the RF PA (k). The trigger 
signal can be fed either directly (e) to 
the digital oscilloscope (i), or via a 10 
µs to 100 ms 555 timer delay genera-
tor (b) that introduces a variable delay 
(f). For delays greater than one sec-

s Fig. 1  Spectrum hand-off requiring regular PA switching on and off.
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s Fig. 2  Layout of amplifier turn-on measurement test rig.
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s Fig. 3  Photograph of board for measur-
ing PA turn-on characteristics.

s Fig. 4  Amplifier turn-on characteristics 
with a two-tone test.
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be noted that the numbers published 
here are only for the ADL5536. Other 
PAs will have different values of Td
and Pturn-on, which must be deter-
mined by measurement.

INTERMODULATION 
DISTORTION DURING TURN-ON

Lower and upper IMD3 fl uctua-
tions over time are compared with 
the –33 dBc WCDMA emission mask 
in Figure 5. Note that the result at 3 
µs is made up from data recorded be-
tween 2 and 4 µs, while the PA output 
power is still ramping up.

The large fl uctuation in IMD3 
shown in Figure 5 is quite likely due 
to PA memory effects,7 which would 
also account for the asymmetry. Mem-
ory effects are distortions infl uenced 
not only by the present signal ampli-
tude, but also by its past values. These 
can include thermal effects due to the 
amplifi er’s bias conditions changing as 
its temperature increases due to pow-
er dissipation.

The lower IMD3 fl uctuates by over 
12 dB and the upper IMD3 fl uctuates 
by over 9 dB before static conditions 
are achieved. The emission mask is 
breached by 0.25 dB at 10 µs and at 
100 ms it is nearly breached again. 
Because the data was recorded with 
a large granularity, it is possible that 
the emission mask is also breached 
between measurement points. Based 
on these results, a CRN should wait 
at least 10 µs before commencing 
transmission to avoid breaching the 
emission mask. However, for com-
plete assurance it should wait 100 ms, 
which suggests that this particular PA 
is unsuitable for some published sce-
narios.9,10

HARMONIC DISTORTION 
DURING TURN-ON

During turn-on (see Figure 4), the 
output voltage exhibits asymmetric 
positive and negative excursions. This 
asymmetry introduces even order har-
monic distortion at multiples of the 
input frequency. Conventional nar-
rowband systems remove harmonic 
products by fi ltering, but this is not 
possible in a broadband CRN operat-
ing over multiple octaves2 where har-
monically related spurious products 
can easily interfere with another user.

The three second-harmonics of 
the two-tone test were measured: 

cess power required to turn-on the PA 
(Pturn-on) is calculated to be 590 mW. 
The total power consumption (Ptotal) 
for the PA during turn-on and data 
transmission is given by:

= +−P
T P

T
P (1)total

d turn on

on
static

where Ton is the time the PA is 
switched on. Compared to scenarios 
published in the literature where a 
Ton of 40 ms9 or 100 ms10 is speci-
fi ed, the impact of Td and Pturn-on is 
insignifi cant. Only at very small values 
of Ton (say less than 100 µs) does Td
and Pturn-on have an impact. It should 

ing networks requiring time to settle 
and charging of the supply decoupling 
capacitors necessary for stable opera-
tion.

Under static conditions, the 
ADL5536 consumes 106 mA, result-
ing in a static power consumption 
(Pstatic) of 530 mW with a 5 V supply. 
With 17.7 dBm Pout the effi ciency is 
therefore 11 percent, which is com-
mon for an amplifi er of this type un-
der these conditions. By integrating 
the current consumption between 1 
and 5 µs and subtracting Pstatic, the ex-

 Fig. 5  Third order intermodulation 
distortion (IMD3) of PA.
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work are applicable to other applica-
tions as well, where PAs are periodi-
cally switched on and off. ■
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530 mW static power consumption. 
Such an additional delay and power 
consumption are insignifi cant when 
considering examples published in the 
literature; however, signifi cant spuri-
ous distortion products are generated 
by the PA which cannot be ignored. 
Both IMD3 and second order har-
monic distortion are examined. The 
data indicates that, at a minimum, a 
user should wait 10 µs after applying 
power to the PA before commencing 
transmission. A conservative practice 
would increase this to 100 ms. These 
results are PA dependant; any PA 
used in a CRN where it is periodically 
switched on and off (e.g., periodic 
spectrum sensing and spectrum hand-
off) should be measured as described.

This work shows that the PA can no 
longer be treated as a black box. When 
designing a CRN, an appropriate de-
lay should be included in the protocol 
for the PA to suffi ciently “warm up” 
and achieve static conditions. In or-
der to prevent spurious products from 
interfering with other users, no sig-
nal should be transmitted during this 
“warm up” period. The fi ndings in this 

1200 MHz (2 × 600 MHz), 1210 MHz 
(600 + 610 MHz) and 1220 MHz (2 
× 610 MHz). Their combined power 
is calculated along with the combined 
power of the two fundamental tones 
to determine second harmonic sup-
pression (see Figure 6). As in Figure 
5, the fi rst result (at 3 µs) is data re-
corded between 2 and 4 µs after the 
trigger signal. Figure 6 shows that the 
second harmonic is extremely large 
between 2 and 4 µs after the trigger. It 
settles down afterward, but continues 
to fl uctuate by almost 6 dB. Even if 
the PA meets the spurious harmonic 
emission mask under static conditions, 
the spike at 3 µs probably does not. A 
delay of 10 µs would be required be-
fore transmission could commence, in 
agreement with the IMD3 results of 
Figure 5.

CONCLUSION
This article examines the turn-on 

characteristics of an RF PA. Measure-
ments show that the PA took 4 µs to 
achieve full output power, and dur-
ing that time consumed an extra 590 
mW of power in addition to the PA’s 
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Substrate Integrated 
Waveguide Dual-Mode, 
Dual-Band Filter
Xiaowu Zhan, Zongxi Tang, Yunqiu Wu and Biao Zhang
University of Electronic Science and Technology of China, Chengdu, Sichuan, China

This article describes a dual-mode, dual-band substrate integrated waveguide 
(SIW) filter. The dual-mode resonator is constructed with a slot line on the top 
metal layer of the SIW cavity. The two-pole dual-passband Chebyshev frequency 
response is achieved by cascading two resonators, with the center frequency of 
the second passband independently controlled by the geometric parameters of the 
slot line. Fabricated using standard printed circuit board technology, the filter 
is compact, has a high degree of design freedom and is low cost. Its measured 
S-parameters agree closely with simulation.

To meet various wireless communication 
requirements, dual-band filters have 
been proposed as key components in 

dual-band microwave and millimeter-wave 
communication systems. Substrate integrated 
waveguide, which is synthesized on a planar 
substrate with linear periodic arrays of metal-
lic vias or metallic slots using standard printed 
circuit board (PCB) or other planar circuit 
processes, provides an attractive platform for 
higher Q value, higher power handing and 
more highly integrated waveguide filters.1,2

A number of topologies based on SIW reso-
nators have been studied and 
developed to realize high Q with 
a dual-passband response. They 
can usually be reduced to two 
general approaches. The first 
uses several inverter coupled 
resonators to realize dual-band 
operation.3 The dual passbands, 
however, are too close to each 
other, and many SIW cavities 
result in a large circuit size. The 
second utilizes standard low 
temperature co-fired ceramic 
(LTCC) technology to imple-
ment multilayered quadruple-
folded SIW dual-passband fil-

ters.4,5 The bandwidths of both passbands are 
independently adjustable, but this method is 
often too costly. For circuit miniaturization, 
some dual-mode single passband filters have 
been designed in SIW technology,6-8 however, 
these dual-mode cavities cannot be used to de-
sign dual passband filters.

This article describes the design of a dual-
mode SIW resonator that is perturbed by a slot 
line on the top metal layer of the SIW cavity 
to achieve a two-pole dual passband response, 
with the center frequency of the second pass-
band controlled independently by the dimen-
sions of the slot line. The filter circuit is com-
pact in overall size in comparison with tradi-
tional single-mode SIW filters.

ANALYSIS OF THE DUAL-MODE CAVITY
The configuration of the dual-mode square 

SIW cavity with a pair of coplanar waveguide 
(CPW) I/O feed line is shown in Figure 1. The 
cavity size is determined by the corresponding 
resonant frequency. The resonant frequency of 
the resonant modes (TEm0n) can be calculated 
using the following equation:9
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s Fig. 1  Configuration of the dual-mode 
square SIW cavity with one slot line.
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no disturbance. With 
the addition of a slot 
line, the TE201 is sup-
pressed by the electro-
magnetic fi eld pertur-
bation caused by the 
slot, while the resonant 
frequency of the TE102
mode can be con-
trolled by the length 
of the slot (L1). The 
electric fi eld distribu-
tions of the two modes 
(TE101 and TE102) at 

L1=7.5 mm, W1=0.5 mm are plotted 
in Figure 2 (a) and (b), respectively. 
It is apparent that they are concen-
trated around the center of the SIW 
cavity and the slot line.

Figure 3 shows simulated results 
of the dual-mode SIW cavity with 
variation of L1. The resonant frequen-
cy of the TE102 mode trends lower 
with the increasing length of L1, while 
the resonant frequency of the TE101
mode remains unchanged. The high-
est resonant frequency of the TE102
mode cannot exceed the fi rst spurious 
mode of the single-mode cavity (L1=0 
mm).

DUAL-PASSBAND FILTER DESIGN
Figure 4 shows the fi lter’s physical 

structure. The circuit consists of two 
identical dual-mode cavities. Mag-
netic coupling between two cavities is 
realized by an iris in the common post 
wall. The two resonators are excited 
by a pair of 50 � coplanar waveguide 
(CPW) I/O feed lines. The TE101- and 
TE102-modes of the dual-mode reso-
nators are excited in order to realize 
the fi rst and the second passbands. 
Figure 5 shows the coupling topolo-
gy, where “1” and “2” are the fi rst and 
second cavities, respectively.

Initial lengths and widths of the 
cavities are determined by setting the 
center frequency of the fi rst passbands 
to their design values using Equation 
1. The dimensions of the slot line are 
determined based on Figure 3. To 
determine the internal coupling coef-
fi cients, the two SIW cavity resona-
tors are simulated using a commercial 
full-wave electromagnetic simulator 
(HFSS). The coupling coeffi cient is 
extracted using the following rela-
tion:10

k
f f

f f
(2)1

2
2
2

1
2

2
2=

−
+

where aeff and leff
are the effective 
width and length of 
the dual-mode SIW 
cavity, respectively, 
m and n the indices 
of the modes, εr the 
permittivity of the 
substrate material, 
and c0 the velocity 
of light in free space.

For a square cav-
ity, the TE102 and 
TE201 modes reso-
nate at the same 
frequency if there is  Fig. 2  Electric fi eld distributions of the TE101 mode (a) and TE102 

mode (b).

 Fig. 3  Frequencies of the TE101 and 
TE102 modes versus slot line length.
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The specified center frequencies of 
the first and second passband are 6.2 
and 8.8 GHz, and the specified band-
widths of two bands are 300 and 600 
MHz with return losses of 20 dB and 
15 dB, respectively. Much work has 
been done on filter synthesis using 
coupling matrices.12 The [N+2] ideal 
coupling matrix (M) of the first pass-
band and second passband is derived 
using Equations 4 and 5. The coupling 
coefficients and external Qe can be 
computed from M using Equation 6.
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The coupling coefficients and Qe of 
two passbands are m12=m21=0.0802, 
Qe=13.78 for the first passband, and 
m12=m21=0.8774, Qe=13.64 for the 
second passband.

coefficient between 
the two SIW cavity 
resonators, which 
have been analyzed 
by Chen and Wu.11

In order to de-
termine the exter-
nal quality factor, 
numerical analysis 
with HFSS is car-
ried out with the 
dual-mode SIW 
cavity bandpass res-
onator connected to 
two 50 V coplanar 
waveguide (CPW) 

I/O feed lines. Coupling is controlled 
by changing the dimensions of the 
feed lines (L3 and W2). The external 
quality factor Qe is calculated with the 
equation:

Q
2f
f

(3)e
0

3dB
=

Δ

where f0 is the frequency at which S21 
reaches its maximum value and Df3dB 
is the bandwidth for which the attenu-
ation of S21 is 3 dB from its maximum 
value.

where f1 and f2 are the first and the 
second cavity resonant frequencies of 
the TE101- or TE102-mode, respec-
tively, and k represents the coupling 

s Fig. 4  Two-pole dual-passband SIW filter structure.
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s Fig. 6  Simulated frequency response with 
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Based on Equations 1 through 6, the initial dimensions 
of the entire fi lter are estimated using HFSS. A fi ne tun-
ing procedure is then employed for optimizing the design. 
Figure 6 shows the full-wave simulation dual-passband 
responses with different slot line lengths. The center fre-
quency of the second passband is adjusted independently 
by changing the length of L1, with no apparent effect on 
the fi rst passband.

SIMULATION AND MEASUREMENT
The dual-passband SIW fi lter with a two-pole Cheby-

shev response is fabricated on 0.0508 mm thick Rogers 
RT/Duroid 5880 using a standard PCB process. The linear 
arrays of metalized via-holes all have diameters of 0.6 mm 
with a center-to-center pitch of 1 mm. Through simulation 
and optimization using HFSS, other dimensions are deter-
mined to be a=23 mm, L1=7.5 mm, L2=6.96 mm, L3=5.9 
mm, W1=0.5 mm and W2=0.55 mm. Figure 7 is a pho-
tograph of the fabricated dual-mode, dual-passband fi lter, 
having overall dimensions of 23 × 46 mm.

An Agilent 8757D network analyzer was used for mea-
surements. Figure 8 compares simulated and measured 
results. The measured minimum passband insertion losses 
are 1.1 and 1.6 dB, respectively. Measured 3 dB fractional 
bandwidths are about 4.6 and 6.3 percent, respectively, for 
the fi rst and second passbands, and the return losses of the 
two passbands are better than 12 dB. Slight differences 
between simulated and measured results may be due to 

 Fig. 7  Fabricated dual-mode dual-passband SIW fi lter.

 Fig. 8  Simulated and measured frequency responses.
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fabrication tolerances and the added insertion loss of SMA 
connectors.

CONCLUSION
Two single-cavity, dual mode SIW resonators with slot 

lines on their top metal layers provide a dual-passband 
Chebyshev frequency response when cascaded. The center 
frequency of the second passband can be independently 
controlled by adjusting the slot line dimensions. The filter 
is small, has a high degree of design flexibility and is low 
cost. Agreement between simulated and measured results 
provides design verification. ■
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ProductFeature

An incredible amount of technology is 
packed into every smartphone and 
tablet. The list is long and getting lon-

ger: new and legacy cellular formats, multiple 
wireless-connectivity links, GPS capabilities, 
cameras, music players, Web browsers, and on 
and on. Putting all this power into the hands 
of several billion subscribers is overloading the 
frequency spectrum available within today’s 
wireless infrastructure. In response, the latest 
cellular standards include techniques such as 
multiple-input/multiple-output (MIMO) and 
carrier aggregation (CA). The goal of these ad-
vanced techniques is to help operators squeeze 
more capacity and higher data rates from their 
existing frequency spectrum.

Looking upstream to the industry’s product 
lifecycle, this environment also presents chal-
lenges to those who develop and manufacture 
the latest chipsets and user equipment (UE). 
Testing becomes more diffi cult when it comes 
time to characterize the performance of trans-
mitters and receivers or check the behavior of 
an assembled device. Test engineers often turn 
to a category of instruments known colloqui-
ally as “one-box testers” and more formally 
as “wireless test sets.” These solution-specifi c 
instruments simplify the process of checking 
the performance and behavior of chipsets and 
UEs. Similar to the devices they test, these in-
struments are becoming increasingly integrat-

ed: many include sources for receiver testing, 
analyzers for transmitter testing, standards-
compliant measurements, and a host of built-in 
functions to support manual, sequenced and 
automated testing. This one-box approach has 
proven to be more convenient and time-effi -
cient than the chore of patching together indi-
vidual instruments and perhaps a PC. Because 
these testers are often easily upgradable, they 
are also cost-effective over the long run.

Today’s increasingly complex chipsets and 
UEs require a new generation of instruments 
designed to meet present needs and provide 
extensibility to satisfy future requirements. 
Following in the footsteps of the 8960, Agile-
nt has recently introduced two new additions 
to  its industry-leading family of testers: the 
E7515A UXM wireless test set and the E6640A 
EXM wireless test set.

R&D: GAINING CLARITY AT CRUCIAL 
HANDOFFS

Design and validation are essential stages of 
the R&D process. At key handoff points, engi-
neers make judgment calls about every design, 
deciding if a chipset or UE is ready to clear the 
crucial hurdles imposed by internal specifi ca-
tions, conformance tests and operator require-
ments. Testing covers areas such as functional 
behavior and RF performance. Clarity around 
each decision comes from accumulated in-
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Advanced category 6 now and han-
dling increasingly complex require-
ments in the future.

The foundation of these “now and 
later” capabilities is an extensible ar-
chitecture that can evolve as tech-
nology changes: the UXM includes 
upgradable processors, multiple ex-
pansion slots and high-speed inter-
connects (see Figure 1). Through its 
industry-leading combination of two 
independent 100 MHz RF transceiv-

sights about standards, technologies, 
in-house design practices, and more.

Defining an architecture 
for today and tomorrow

The Agilent E7515A UXM wireless 
test set is the most highly integrated 
signaling test set created for function-
al and RF design validation in the 4G 
era and beyond. It provides a wealth 
of capabilities that enable testing of 
the newest designs, delivering LTE-

ers, the UXM enables multiple cells, 
carrier aggregation, MIMO up to 4×2 
and integrated fading. The instru-
ment also provides built-in servers for 
extensive functional test applications. 
Building on that, the UXM is a future-
ready, multi-format-capable platform 
that will handle the next advances in 
antenna techniques, component carri-
ers and data rates.

The net effect: the UXM enables 
test engineers to ensure that LTE/
LTE-A devices can sustain maximum 
category 4/6 rates and handle realis-
tic fading and MIMO scenarios. As a 
result, engineers can wring out every 
design with integrated fading, flexible 
receiver testing and trusted transmit-
ter measurements—and the UXM is 
poised to handle more complex test 
applications in the future.

With its wealth of integrated capa-
bilities, the UXM lets engineers dive 
more deeply into functional testing 
by emulating a wide range of com-
plex operations. For example, with 
two independent cells built in, the 
UXM makes it possible to check LTE 
handover behavior with just one in-
strument. Connecting a UXM to an 
Agilent 8960 wireless test set sup-
ports verification of the increasing 
number of inter-radio access technol-
ogy (IRAT) handover scenarios. The 
inclusion of Wireshark-based logging 
software enables thorough analysis of 
protocol messaging.

The UXM also ensures greater 
confidence in RF performance with 
flexible automated testing and indus-
try-proven Agilent X-Series measure-
ment science (see Figure 2). One 
key area of testing is the full range 
of 3GPP channel configurations. The 
UXM provides integrated capabili-
ties and flexible automation software 
with Agilent’s Wireless Test Manager 
(WTM), making it easy to efficiently 
step through the full range of 3GPP 

s Fig. 1  Users can evolve as technol-
ogy changes with Agilent UXM’s extensible 
architecture.
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MISSIONCRITICAL
High-Power PIN Diode Technology
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achieve several key goals: ramping up 
quickly; achieving and optimizing vol-
ume production; minimizing the total 
cost of test; meeting budget; and re-
ducing wastage.

The measurement challenges gen-
erated by today’s multi-format, multi-
band devices are difficult—and the 
key to success is finding test methods 
that are more efficient and more effec-
tive. Within this context, the Agilent 
E6640A EXM wireless test set builds 
on the non-signaling and sequencing 
capabilities of Agilent’s previous test 
sets. In addition, the EXM provides a 
new architecture that expands paral-
lel testing and provides scalability to 
match changing production needs. To 
support the fastest testing of the new-
est chipsets, the EXM is in sync with 
the latest cellular and WLAN chipsets. 
It delivers the speed, accuracy and port 
density needed to ramp up rapidly and 
optimize full-volume manufacturing of 
a broad range of multi-format devices, 
including those that use LTE-Ad-
vanced carrier aggregation, 802.11ac 
WLAN MIMO, and more.

In the new product introduction 
(NPI) stage, the EXM provides cer-
tainty through chipset compatibility 
and validated test capabilities that di-
rectly control chipset functionality. 
This includes the fastest, most reliable 
calibration and verification functions 
offered in each vendor’s chipset. The 
EXM’s broad multi-format, multi-port 
flexibility handles today’s complex 
chipsets while allowing easy upgrad-
ability for tomorrow’s features. For 
greater scalability, the EXM can be 
configured with up to four indepen-
dent transmit/receive (TRX) chan-
nels, each of which is a complete vec-
tor signal generator, vector signal ana-
lyzer and RF I/O section. To further 
extend port density, the EXM can be 

Manufacturing: Solving 
Today, Evolving Tomorrow

In the wireless industry, success-
ful manufacturing organizations need 
tools that help them meet ever-tough-
er goals and tighter schedules. In ad-
dition, access to the best resources 
will help them deal with the technical, 
business and operational risks that, 
when managed carefully, ensure suc-
cess. When these factors are under 
control, the organization is able to 

channel configurations for a device-
under-test.

To support the development process 
from early designs to finished products, 
the UXM supports signaling and non-
signaling (i.e., test mode) operation. 
This lets engineers focus on character-
ization of RF performance: the UXM 
pushes aside the protocol barriers and 
enables the engineer to “just connect” 
to the device under test.

s Fig. 2  Agilent X-Series measurement ap-
plications can be used with the UXM wireless 
test set.
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customized to connect up to 32 DUTs 
through multi-port adapter (MPA) 
technology.

The EXM enables manufacturers 
to easily keep pace with production 
capability and capacity needs. In addi-
tion to its multi-port and multi-format 
capabilities, the EXM helps maximize 
throughput and yield with fast and ac-
curate parallel testing of multiple devic-
es. This comes from the ultra-fast data 
processing and transfers, advanced se-
quencing and single-acquisition/multi-
measurement (SAMM) capability built 
into the EXM. The fl exibility of the 
EXM preserves initial equipment in-
vestments by making it easy to evolve 
with changing production needs. Each 
unit can be expanded with up to four 
TRX modules, and these can be up-
graded with higher frequency coverage 
and wider analysis bandwidth.

For maximum reliability and up-
time, the EXM has been tested to 
survive the rigors of the factory fl oor. 
When calibration or repair service 
is needed, Agilent’s global presence 
ensures fast turnaround times. The 
EXM is designed, built and supported 
to ensure success in manufacturing.

The drive for faster data speeds and 
compelling new services seems likely 
to continue without end. So does the 
trend toward ever-denser integration 
of new capabilities into user devices. 
To help developers and manufactur-
ers keep pace, Agilent has created two 
highly integrated wireless test sets—
the UXM and EXM—that offer the 
fl exibility and extensibility enabled 
by modern, modular architectures. 
Both platforms provide the future-
readiness needed to meet present and 
future requirements, and both offer 
the investment protection that comes 
from a platform that is easily reusable 
and upgradable.

New-generation test hardware of-
fers tremendous benefi ts, but there’s 
more to the story. Agilent also offers 
access to a broader set of resources—
application engineers, manufacturing 
test integration teams, worldwide sup-
port, and more—that can help devel-
opers and manufacturers handle the 
unknown, stay on track and meet their 
goals for the newest chipsets and UE.

Agilent Technologies, 
Santa Clara, CA, 
www.agilent.com.
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The sales volume of smartphones and tab-
lets with wireless Internet connections 
has already exceeded that of traditional 

mobile phones and desktop PCs. Multiband 
front end modules as well as components for 

GPS, WLAN and Bluetooth applications are an 
essential part of these new devices. In a mobile 
phone, the number of signal paths increases 
with the number of integrated components and 
technologies. This also increases the number of 
test ports at which a front end module must be 
measured in order to ensure the stringent re-
quirements are met, e.g., with respect to inser-
tion loss or selection during production. This 
makes vector network analysis with more than 
20 ports, or even 30 ports in the future, a must.

Traditional vector network analyzers (VNA) 
with four ports still require a significant mea-
surement effort because the user needs to con-
sider which measurement ports on the device 
under test (DUT) must be measured simulta-
neously. All unconnected ports on the DUT 
should be terminated to prevent unwanted 
signals from influencing measurement results. 
In addition, the user must screw the DUT on 
and off again multiple times to measure all 
DUT ports. This not only increases the test 
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Vector Network 
Analysis with  
Up to 48 Ports
Rohde & Schwarz
Munich, Germany

s Fig. 1  A test solution with 48 ports consisting of one 
R&S ZNB8 and two R&S ZN-Z84 switch matrices.
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the external switch module must be 
full crossbar, allowing unrestricted 
measurements between all ports.

This setup is complex and expen-
sive but there are practical commer-
cial solutions: Rohde & Schwarz now 
offers the R&S ZN-Z84, an external 
switch matrix designed to comple-
ment the R&S ZNB network analyzer. 
The base model is equipped with six 
test ports. When needed, the num-
ber of test ports can be increased in 
groups of six to provide a total of 24 
ports. A four-port R&S ZNB with two 
24-port matrices can therefore sup-
port 48 test ports as shown in Figure 
1. This makes it possible to measure 
all 48 × 48 S-parameters of the DUT.

Uncomplicated matrix 
solution

A big advantage of this solution is 
that it is a plug and play system. All 
functions required for controlling and 

enough to merely connect a switch 
module. The hardware must meet the 
measurement requirements, and the 
switching must be synchronized with 
the measurement sequences of the 
VNA. This requires a complex control 
program. Calibration of a setup using 
external switches is also significantly 
more complex than for measurements 
with a two-port or four-port VNA. To 
measure all S-parameters of the DUT, 

effort, but also significantly increases 
measurement times. Increasing the 
number of test ports on the VNA to 
match the DUT is the solution to this 
problem.

Network analysis with 
multiple ports

The simplest solution is to use ex-
ternal switches to increase the num-
ber of ports on the VNA. It is not 

s Fig. 2  The connected switch matrix is 
shown in the VNA firmware menu. This 
example shows a 4 × 18 switch matrix.

s Fig. 3  Overview of the calibration of 
twelve ports using a four-port calibration 
unit (a) and the first calibration step using an 
eight-port calibration unit (b) four calibra-
tion steps are necessary.
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detected by the VNA. The matrix 
ports can be used just as with a stan-
dard two-port or four-port VNA.

Calibration is very easy using auto-
matic multiport calibration units. The 
R&S ZNB firmware detects the cali-

using the R&S ZN-Z84 are already 
integrated in the R&S ZNB firmware 
(see Figure 2). The switch matrix can 
be connected to the VNA via USB, 
LAN or the special Direct Control 
digital interface, and is automatically 

s Fig. 4  A 2 × 24-port matrix connected to a four-port VNA (26 test ports are available to the 
user).

bration units as soon as they are con-
nected via USB. The calibration menu 
displays which ports on the calibra-
tion unit must be connected to which 
ports on the switch matrix. A higher 
number of ports on a calibration unit 
results in fewer required calibration 
steps. This saves time and reduces er-
rors. Currently, calibration units with 
up to eight ports are available. Figure 
3 offers an overview of the calibration 
of twelve ports using a four-port cali-
bration unit.

RF characteristics and high 
flexibility

The Rohde & Schwarz solution of-
fers flexibility without compromising 
the measurement characteristics. The 
R&S ZN-Z84 switch matrices have a 
modular design and are available with 
two or four input ports and with six, 
twelve, 18 or 24 test ports. This means 
they can be used with a two-port or 
four-port R&S ZNB, and up to two 
switch matrices can be connected to a 
four-port model. As a result, users can  
find the ideal combination for their 
current application.
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Stanford Research Systems

•  2 GHz, 4 GHz & 6 GHz models
•  Dual baseband arb generators
•  Vector & analog modulation
•  I/Q modulation inputs (300 MHz RF BW)
•  ASK, FSK, MSK, PSK, QAM, VSB & custom I/Q
•  Presets for GSM, EDGE, W-CDMA, APCO-25, 
     DECT, NADC, PDC, ATSC-DTV & TETRA 
•  GPIB, RS-232 & Ethernet interfaces

TETRA (π/4 DQPSK)

QAM256 (6 Msps, 2.45 GHz)

GSM (CPM, 1.932 GHz)

ATSC-DTV (8 VSB, 695 MHz)

Pricing (U.S. list)

SG392 (2 GHz) ... $5,400

SG394 (4 GHz) ... $6,600

SG396 (6 GHz) ... $8,400

Vector Signals at the touch of a button

         Stanford Research Systems
 Tel: (408)744-9040 • www.thinkSRS.com

The SG390 Series Vector Signal Generators — taking 
communications testing to a new level. 

The SG390 series has outstanding features and 
performance: complete vector and analog modulation, 
dual baseband arb generators, I/Q inputs with 300 MHz 
RF bandwidth, low phase noise, and an OCXO timebase 
are all included.  

We’ve also made communications testing quick and easy 
— everything is available from the front panel of your 
instrument. Pulse shaping filters, TDMA gating signals, 
additive white noise, and event markers are all there. Use 
the built-in pattern or PRBS generators to create data, or 
upload your own symbol data. Map your symbols to any 
constellation and transmit at rates up to 6 Msps — it’s 
that simple.

Vector Signals at the touch of a button
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When using multiport solutions, 
simple operation is just as important 
as good RF characteristics. Besides 
good test port matching, a low inser-
tion loss of the used switches is par-
ticularly critical because it affects the 
available output power, the sensitivity 
and the trace noise. A low insertion 
loss improves long-term and tempera-
ture stability and allows longer cali-
bration intervals.

The insertion loss of the R&S ZN-Z84 
is between 3 and 5 dB at 2 GHz, de-
pending on the matrix topology. The 
high 0.1 dB compression point of 
20 dBm at 2 GHz for the electronic 
switches makes it possible to measure 
active components.

If the level stability and dynamic 
range are not suffi cient when using 
the matrix, it is possible to combine a 
2xN R&S ZN-Z84 switch matrix with 
a four-port R&S ZNB. This makes two 
additional test ports available for mea-
suring active components with up to 
27 dBm output power or fi lters with 
up to 140 dB dynamic range. The fl ex-
ibility of the solution is shown in Fig-
ure 4.

There is an increasing need in pro-
duction and development for solu-
tions that make it possible to measure 
multiport components with more than 
four ports using a network analyzer. 
The R&S ZNB in combination with 
the R&S ZN-Z84 switch matrix is the 
ideal test solution. The matrices in-
crease the number of test ports to 48 
ports and permit full-crossbar mea-
surements.

Thanks to the fi rmware, measure-
ments are as easy to confi gure as with 
a conventional two-port or four-port 
VNA. The system is easily calibrated 
using a multiport calibration unit with 
up to eight ports. The system’s good 
RF characteristics, such as a high 
compression point and low inser-
tion loss, permit measurements using 
high power levels and a wide dynamic 
range.

Rohde & Schwarz, 
Munich, Germany 
+49 89 4129 12345, 
www.rohde-schwarz.com. 

Patricia Gilomen, CTSM
Phone: 407.454.7519 • pgilomen@gilomenconsulting.com   
Mobile: 407.913.2335 • www.gilomenconsulting.com

Call Pat Today for a FREE Consultation!

Services
• Event Planning & Budgeting
• Paperwork/Shipping
• I&D Supervision
• Booth Selection
• Booth Design
•• Vendor/Hotel Negotiations
• On-site Logistics
• Logo Merchandise

Worry-Free 
Eliminate worry and hassle with our expertise and comprehensive 
trade show services to ensure the success of your next 
event. From initial planning to on-sight logistics, 
your project will be on-schedule and on-budget.

Gilomen Consulting
Your Tradeshow and Event Management Partner
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521 rev C

Efficiency for your test setup.  Economy for your budget.
RF SWITCH MATRIX

* The mechanical switches within each model are offered with an optional 10 year extended warranty. 
Agreement required. See data sheets on our website for terms and conditions. Switches protected by 
US patents 5,272,458; 6,650,210; 6,414,577; 7,633,361; 7,843,289; and additional patents pending.

†See data sheet for a full list of compatible software. 

DC to 18 GHz  from 
$385 ea.

Mini-Circuits®

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

We’re adding more models and more functionality to our line of RF 
switch matrices. All models now feature switch cycle counting 
with automatic calibration interval alerts based on actual usage, 
an industry first! This function improves test reliability and saves 
you money. Our new RC-series models feature both USB and 
Ethernet control, so you can run your test setup from anywhere 
in the world!  Rugged aluminum cases on all models house our 
patented mechanical switches with extra-long life of 10 years/100 
million cycles of guaranteed performance!*  

Our easy-to-install, easy-to-use GUI will have you up and 
running in minutes for step-by-step control, full automation, 
or remote operation. They’re fully compatible with most 
third-party lab software,† adding capabilities and efficiency 
to existing setups with ease!  Visit minicircuits.com today 
for technical specifications, performance data, quantity 
pricing, and real time availability – or call us to discuss your 
custom programming needs – and think how much time 
and money you can save! 

USB & ETHERNET 

  USB and Ethernet Control Switch Matrices
  Model   # Switches IL   VSWR Isolation    RF PMAX Price $ 
  (SPDT)   (dB) (:1) ( dB)     ( W ) (Qty. 1-9)  
 
 RC-1SP4T-A18 1 (SP4T) 0.25 1.2 85 2 895.00
 RC-1SPDT-A18 1 0.25 1.2 85 10 485.00       
 RC-2SPDT-A18 2 0.25 1.2 85 10 785.00   
 RC-3SPDT-A18 3 0.25 1.2 85 10 1080.00
 RC-4SPDT-A18 4 0.25 1.2 85 10 1280.00
 RC-8SPDT-A18 8 0.25 1.2 85 10 2595.00
         

NEW

  Model   # Switches IL   VSWR Isolation    RF PMAX Price $ 
  (SPDT)   (dB) (:1) ( dB)     ( W ) (Qty. 1-9)  
 
 USB-1SP4T-A18 1 (SP4T) 0.25 1.2 85 2 795.00
 USB-1SPDT-A18 1 0.25 1.2 85 10 385.00       
 USB-2SPDT-A18 2 0.25 1.2 85 10 685.00   
 USB-3SPDT-A18 3 0.25 1.2 85 10 980.00     
   USB-4SPDT-A18 4 0.25 1.2 85 10 1180.00
 USB-8SPDT-A18 8 0.25 1.2 85 10 2495.00
                                                 

NEW

  USB Control Switch Matrices

NOW

  Switch position
 indicator lights
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From satellites to motor vehicles; from 
mobile telephones to radio-telescopes 
– a vast array of different antenna types 

are used in almost every modern industry and 
application. Engineers and system designers 
are regularly faced with the task of improving 
and adjusting these antennas or identifying, 
designing and evaluating new antenna options 
to meet changing system requirements. Anten-
na Magus – a commercial antenna design tool, 
targeted at helping engineers complete anten-
na design, evaluation and integration projects 
quickly and reliably – addresses these issues.

Antenna Database
Antenna Magus provides a large searchable 

database that is regularly expanded and updat-
ed. The database currently stands at more than 
225 antenna types in the latest version. Each 
antenna incorporates accurate concise infor-

mation compiled by an experienced antenna 
engineer in an easily searchable, standardized 
format.

Clear diagrams of the physical antenna 
structure as well as guidelines for antenna 
customization and references to literature are 
included. Antennas can be sorted and filtered 
based on standardized search terms, helping 
identify candidates according to required per-
formance criteria before embarking on a de-
sign.

The best approach for designing an antenna 
is often ambiguous. Published literature may 
be unclear or contradictory and therefore pro-
vide insufficient information for confident de-
sign choices to be made. Antenna Magus incor-
porates a flexible expert design system that has 
been thoroughly tested for a wide range of de-
sign criteria. This allows engineers to get initial 
designs suitable for a broad range of applica-
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Antenna Magus 
Version 5: Synthesis 
to Meet Specification
Magus (Pty) Ltd.
Stellenbosch, South Africa
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tions, including telecommunications, 
mobile devices, aerospace, satellite, 
automotive, radio astronomy and de-
fense, in a matter of seconds.

Also, an estimate of the perfor-
mance of each design can be consid-
ered before continuing with prototyp-
ing or more detailed 3D modeling. In 
estimating the performance, assump-
tions are made and approximations 
are used where possible to dramati-
cally reduce analysis time while still 
maintaining reasonable accuracy.

The dimensions calculated by the 
Antenna Magus Design algorithms 
may be adjusted within a bounded 
range after design. The resultant 
structure can be re-analysed. This ap-
proach allows efficient comparison of 
designs as well as investigation of how 
localized changes to specific param-
eters affect performance.

Automatic CAD Model 
Export

Modern computational electro-
magnetic (CEM) analysis tools play an 
integral role in the design process. An-
tenna Magus does not aim to replace 
these tools, but rather complements 
them in the overall design and analy-
sis process. Once an initial design that 
warrants further investigation has 
been completed in Antenna Magus, a 
parametric and ‘ready-to-run’ model 
of the as-designed antenna can be ex-
ported in formats that can be opened 
seamlessly in leading CEM tools.

The generated model provides a 
reliable starting point for the inves-
tigation of structural modifications 
(adding holes in substrates or includ-
ing feed-matching structures) and 
environmental effects (such as EMC 
coupling or placement studies) re-
quired to arrive at a final design. Each 
model leverages the best methods 
and parametric modeling approaches 
available in the analysis tool and is 
validated against reference data or 
measurements.

New Features
Besides the addition of new an-

tenna types to the database, Antenna 
Magus has introduced many new ca-
pabilities. These include tools that 
allow users to add their own antenna 
topologies with related information to 
the database, a powerful array synthe-
sis tool and libraries of commercially 
available waveguides and substrates.

s Fig. 1  An example of new antenna 
types from Antenna Magus Version 5.0: A 
truncated parabolic grid reflector with a 
‘gooseneck’ feed (a), Potter-horn with a spiral 
dielectric phase-plate or lens used to realize 
a bore-sight null (b) and a tapered dielectric 
rod antenna (c).
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Control the comb. 
Control the clarity.

The sensitivity and the 

distance you’ve been 

striving for from your radar

or surveillance receiver 

is now within reach. New

GaAs comb generators

from Aeroflex / Metelics are

a best-in-class, non-linear-

transmission-line (NLTL)

innovation that provides 10

to 18 dB lower phase noise

for better sensitivity than Si

step recovery diode (SRD)

comb generators. Offering

phase noise as low as 

-135 dBc/Hz at 100 Hz 

offset from the 12 GHz 

harmonic, the MLPNC

series creates clean, low

conversion loss harmonics

to 30 GHz over variable input

frequencies from 400 to

1300 MHz. Their variable

input power from 21 to 

23 dBm make them easy 

to drive and operate. They

provide ultimate system

design flexibility and the

opportunity to simplify your

system architecture. 

Visit our website or call 

888-641-7364.

www.aeroflex.com/metelicscomb 

Non-linear-transmission-line (NLTL) GaAs Comb Generators

* Contact the factory for additional information or for products not covered in the table.

Part Number
Power (dBm)

Output Harmonics (dBm)*Minimum Maximum
MLPNC-7100-SMA850 20 @ 100 MHz 24 @ 400 MHz > -8 @ 4 GHz > -18 @ 12 GHz > -35 @ 20 GHz

MLPNC-7100-SMT680 20 @ 100 MHz 24 @ 400 MHz > -8 @ 4 GHz > -18 @ 12 GHz > -35 @ 20 GHz

MLPNC-7102-SMA800 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7102-SMT680 21 @ 400 MHz 23 @ 600 MHz > -8 @ 4 GHz > -16 @ 12 GHz > -20 @ 20 GHz

MLPNC-7103-SMA800 21 @ 800 MHz 23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

MLPNC-7103-SMT680 21 @ 800 MHz     23 @ 1300 MHz > -5 @ 6 GHz > -15 @ 18 GHz > -20 @ 30 GHz

AeroflexMetelics_Comb3 12-3-13_MJ  12/18/2013  6:26 AM  Page 1
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Narda Safety Test Solutions GmbH
Sandwiesenstrasse 7
72793 Pfullingen, Germany
Tel. +49 7121 97 32 0
support.narda-de@L-3com.com
www.narda-ida.com

IDA 2: Dive deep into 
interference analysis

Rapidly identify, precisely analyze,
easily evaluate and intelligently 
localize interference in the radio 
spectrum.

• Extremely fast: 12 GHz/s
• Super light: < 3 kg
• Impressively sensitive: NF 7 dB
• I/Q-Analyzer: Real-time 

in-field analysis  
· 1 µs spectrogram resolution
· Persistence display 

narda_ida2_microwave_66x273_D_EN:print14  11.

them in the same way.
The Specification Library includes 

advanced tools to help capture infor-
mation regarding the specification 
requirements. One such tool is the 
chart-tracing tool which allows digi-
tization of data and automatic extrac-
tion of fundamental quantities (such 
as sidelobe-level or 10 dB bandwidth) 
as shown in Figure 2.

Also, an automatic update mecha-
nism, making it easier to keep up to 
date with the latest antennas and de-
signs, will be released in Version 5. 
This mechanism will allow the user to 
check for new updates on the Antenna 
Magus website. Available updates can 
be downloaded and installed automat-
ically from inside the Antenna Magus 
interface.

Antenna Magus is an extensive and 
flexible antenna synthesis package, 
with a continuously expanding set of 
easy-to-use, powerful, flexible tools 
focusing on the needs of engineers in-
volved with the design and modeling 
of antennas.

Magus (Pty) Ltd.,  
Stellenbosch, South Africa  
+27 21 880 0565,  
www.antennamagus.com.

In the second quarter of 2014, the 
release of Antenna Magus Version 5 
will see further functionality as well as 
new antenna types (such as those illus-
trated in Figure 1) added to the data-
base. One focus of the new features is 
to ensure that Antenna Magus caters 
to a wider range of design require-
ments by introducing tools to help the 
designer use the information that he 
or she has. Intelligent design choices 
for required input values that are not 
known by the designer will be made 
automatically. Information (such as 
sketches, estimated performance 
plots and parameter values) can also 
be exported to the clipboard or a file, 
making material generated during the 
design process more accessible.

Specification Library
In the new Specification Library, 

detailed specifications for many in-
dustries and applications will be in-
cluded. These may be used to quickly 
find antennas that are candidates for 
that application and to populate the 
design inputs for any antenna – accel-
erating the design process. Users may 
add specifications describing the re-
quirements of their own applications 
to the Specification Library and use 

s Fig. 2  The chart-tracing tool inside the Specification Library showing the automatic extrac-
tion of radiation performance values from a scanned image. The extracted values can be used to 
define a design specification.
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Quick Turn  
for NPI Builds

Low to Mid  
Volume Production

All Processing  
Done In-House

Automatic SMT of 01005 & 0201 devices
Automatic die attach and wire/ribbon bond

Laser mark lids / lid array
Epoxy attach lids / lid array

Dice array

IKE Micro  
AIr CAVITy 
PACKAgINg

On shore build to print microelectronics 
and RF/Microwave manufacturing.

Turnkey and consignment. 

ITAR Registered, ISO Certified, 

www.ikemicro.com 

603-880-6384
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University Portal  

AWR Corp., a National Instru-
ments Company, added a new uni-
versity portal directly on its main 
navigation menu. The university 
portal provides focused, in-depth 
content to the company’s rapidly-
growing academic user base. 
Clearly and concisely organized 
with dedicated areas for students, 
faculty and graduates, the new 
portal is easy to navigate and read-
ily delivers information that the 
academic community needs. 
AWR Corp.,
www.awrcorp.com/university

Case Notes 

CST’s electromagnetic simula-
tion software is used for applica-
tions such as antennas, filters, 
EMC analysis, cable harnesses 
and PCBs, to name a few. On the 
CST’s success story web page, 
companies from various indus-
tries describe the improvements 
to their product development 
process after using CST STUDIO 
SUITE®. The success stories 
detail various design challenges 
and showcase the techniques 
implemented to obtain improved 
results. All articles can be down-
loaded for free at the link below.
CST-Computer Simulation Technology AG,
https://www.cst.com/case-notes

New Website  

AR RF/Microwave Instrumenta-
tion has made numerous changes 
to enhance both its corporate and 
RF/Microwave Instrumentation 
website by giving them a more 
modern look and feel, while of-
fering easier navigation and more 
comprehensive information. The 
menu system and flash spotlights 
have been redesigned to work 
with various touch screen tablets 
and mobile devices and enhanced 
streamlining of code makes the 
menus much more search engine 
friendly and easier to read. Please 
check out the newly redesigned AR RF/Microwave Instrumentation web-
site at www.arww-rfmicro.com/html/00000.asp or the corporate website 
at the link below.
AR RF/Microwave Instrumentation,
www.arworld.us

Updated Site 

Crane Aerospace & Electronics 
Microwave Solutions has updated 
its website. More information 
has been included in the Product 
Finder and Part Number Index. 
Visit the site for more info.
Crane Aerospace & Electronics,
www.craneae.com/mw

PA Website 

Empower RF Systems’ website 
provides a comprehensive look at 
the company’s products and ca-
pabilities. Homepage content is 
organized by target markets and 
additional search capabilities en-
able the user to find recommend-
ed power amplifier products for 
specific frequency coverage (up to 6 GHz) and output power levels from 
tens of watts up to multi-kW. Convenient tabs and additional features also 
direct the user to media presence, upcoming tradeshows, inventory pro-
gram with Richardson RFPD, product introductions and a unique virtual 
demo.
Empower RF Systems,
www.empowerrf.com
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WebUpdate

Data Center Microsite
The LiSA data center microsite 
contains everything you need to 
know about the LiSA brand and 
its portfolio. Discover more about 
the wide range of products and 
services HUBER+SUHNER of-
fers in just a few clicks. You will 
also find up-to-date regional con-
tact and technical information, 
news and in-depth documentation 
of extraordinary data center solutions. This web platform ensures that 
visitors are always kept up-to-date with an evolving portfolio with ease 
and simplicity.
HUBER+SUHNER,
www.lisasolutions.com
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Filters Website
KR Electronics invites visitors to 
explore its new website. The new 
site is designed with improved 
navigation and functionality. Cus-
tomers can access data sheets for 
nearly one thousand previously 
designed filters or request a cus-
tom filter online. Visit the new site 
and provide your feedback using 
the customer feedback form.
KR Electronics Inc.,
www.krfilters.com

WebUpdate

Microwave 
Components Site

 
Mercury Systems launched 
a new website for companies 
pursuing innovative, affordable 
technology and a range of prod-
ucts that meet virtually any RF 
or microwave component need. 
The new site highlights Mer-
cury’s most sought after products 
and expanded capabilities in 
the RF and microwave market, 
essential for next-generation 
sophisticated AESA radar, EW, 
electronic countermeasures and satellite communications subsystem so-
lutions. The site is one more way Mercury ensures that commercial and 
defense customers can find the capabilities and systems they need for 
their advanced solutions.
Mercury Systems Inc.,
rf.mrcy.com

Redesigned Website 
Pasternack launched its new web-
site which boasts best-in-class site 
search functionality, one-page 
checkout and an updated user-
friendly interface. The new site is 
the first major redesign since the 
company’s 2012 website overhaul. 
Most noticeable to the user is the 
simplified, stripped down look 
and feel of the new homepage. 
Pasternack’s main objective was 
to provide engineers and buyers the easiest, most intuitive process for 
searching and finding any of the company’s +40,000 RF components and 
cable assemblies with as few clicks as possible. 
Pasternack,
www.pasternack.com
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The information you need, from the 
technology leaders you trust.

Check out these new online Technical Papers  
featured on the home page of Microwave Journal  
at mwjournal.com.

Frequency Matters .

Achieving Excellent Vector Signal Analysis 
Results Using Innovative Noise, Image, and Spur 
Suppression Techniques

Long-Term, Remote Monitoring of Satellite  
Performance Using an Agilent High-Frequency 
USB Power Sensor

Techniques for Precision Validation of Radar 
System Performance in the Field

Modern VNA Test Solutions Improve On-Wafer 
Measurement Efficiency

Wireless Telecommunications Testing with ”S” 
Series Microwave Power Amplifiers

GaN Thermal Analysis for High-Performance 
Systems 
by: TriQuint
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New Waves: Test & Measurement
for more new products, visit www.mwjournal.com/buyersguide 
featuring V  storefronts

Base Station Tester
Aeroflex Ltd. launched 
an extended version of 
its TM500 industry-
standard base station 
tester capable of emu-
lating several thousand 
LTE user equipments, 
fading channel models 
and LTE-A CA func-

tionality in a benchtop unit. The TM500 Test 
Mobile delivers more leading edge LTE-A devel-
opment capability with a higher UE density than 
any other solution on the market. LTE-A CA was 
first supported on the TM500 in early 2012, and 
has since been used by operators worldwide to 
demonstrate the real-world performance of CA 
technology in field environments.
Aeroflex Ltd., 
www.aeroflex.com.

PCB Analyzer

Agilent Technologies 
Inc. introduced the 
E5063A PCB analyzer 
for printed circuit 
board impedance test 
in manufacturing. The 

solution offers technology breakthroughs in ac-
curacy, repeatability and reproducibility. The 
analyzer also provides a dedicated user inter-
face with broader language support, and more 
robustness against electrostatic discharge for 
PCB manufacturing environments. Tighter im-
pedance tolerance is a direct result of increasing 
data rates; more accurate impedance test solu-
tions for PCB manufacturing is now required to 
achieve signal integrity. 
Agilent Technologies Inc., 
www.agilent.com.

Cable and Antenna Analyzer

Anritsu intro-
duced the Mi-
crowave Site 
Master S820E, 
the world’s first 
handheld cable 
and antenna an-
alyzer with fre-
quency cover-

age up to 40 GHz. In addition to providing the 
widest frequency coverage of 1 MHz to 40 
GHz, the Site Master S820E offers field techni-
cians, engineers and wireless network installers 
industry-leading dynamic range, directivity, and 
durability so they can conduct highly accurate 
measurements during the installation, mainte-
nance, and troubleshooting of microwave com-
munications systems. Additionally, Anritsu an-
nounced the Site Master S820E will feature 
VNA measurement functionality. 
Anritsu Co., 
www.anritsu.com.

SDR Platforms
Ettus Research, a National Instruments com-
pany, introduced the USRP X300 and USRP 
X310 high-performance, modular software de-

fined radio (SDR) plat-
forms. Both platforms 
combine two RF trans-
ceivers covering DC to 
6 GHz with up to 120 

MHz bandwidth and a large user-programma-
ble Kintex-7 FPGA. The USRP X300 and 
USRP X310 both feature multiple high-speed 
interface options, including PCI Express, dual 
10 Gigabit Ethernet and dual 1 Gigabit Ether-
net and is available in a convenient desktop or 
rack-mountable half-wide 1U form factor. 
Ettus Research, 
www.ettus.com.

Loss Testing Platform 
Introbotix announced ACCU-Prober with 
TVNA™, a new configuration of the popular 
high frequency loss testing platform. TVNA is 

an Introbotix 
developed test 
method that uti-
lizes high fre-
quency TDR 
measurements 
to produce in-

sertion and return loss data. In studies, data 
produced with TVNA showed an excellent cor-
relation with measurements taken by a tradi-
tional network analyzer. TVNA is also probe in-
dependent and can be used with any compara-
ble probe solution, such as microwave probes or 
launch connectors. 
INTROBOTIX, 
www.introbotix.com.

Test Harness
LadyBug Tech-
nologies’ latest 
enhanced test 
harness helps 
programmatic 
users, such as 
ATE builders, to 
interrogate and 
control any of 

LadyBug’s broad line of sensors. The full featured 
RF power sensor control system includes source 
code in C++ and C# and is available at no cost 
from the downloads section of LadyBug’s website. 
The included source code helps to shorten system 
development time for custom test systems, built-
in applications and other purposes. 
LadyBug Technologies, 
ladybug-tech.com.

8-Switch Matrix

Mini-Circuits’ 
USB-8SPDT-A18 
is a general pur-
pose USB con-
trolled RF 
switch matrix 

containing eight electro-mechanical SPDT, ab-
sorptive fail-safe RF switches constructed in 
break-before-make configuration and powered 
by +24 V DC with a switching time of 25 mSec 
typical. The eight switches can be set as: eight 
independent SPDT switches, a 2 × 8 switch, a 
SP5T switch and a transfer switch, two transfer 
switches and many other configurations. The 

RF switches can be operated remotely using the 
supplied GUI program, or programmed by the 
user using the included API DLL com object. 
Mini-Circuits, 
www.minicircuits.com.

Portable Test Sets

The R&S®CTH family 
of portable radio test sets 
was designed for fast and 
easy testing of analog 
FM radios in the field. 
Both test sets perform 
frequency and power 
measurements on trans-
mitters and receivers. 
The R&S®CTH200A 
also finds cable faults be-
tween the radio and the 
antenna and performs 

over the-air measurements. Users can check the 
functionality of their radios just before they are put 
into operation. The compact, battery-operated, 4.05" 
× 7.95" × 1.45" test sets only weigh about 1.2 lb. 
Rohde & Schwarz, 
www.rohde-schwarz.com.

Test and Debug Solution 
Tektronix announced 
the industry’s first com-
pliance test and debug 
solution for Quad Small 
Form-factor Pluggable 
(QSFP+) compatible 
products. Based on 
Tektronix DPO/DSA/
MSO70000 oscillo-
scopes, the new QSFP+ 

solution includes all the necessary components 
to design, test and validate QSFP+ designs in-
cluding HCB fixtures and test automation and 
debug software tools. QSFP+ is a compact, hot-
pluggable transceiver used for data communi-
cations applications. It interfaces a network de-
vice motherboard such as for a switch, router, 
media converter or similar device to a fiber op-
tic cable.
Tektronix Inc., 
www.tektronix.com.

Digital Attenuators

Vaunix has announced 
the addition of two new 
models to its family of 
LDA series digital at-
tenuators. This product 
family now offers at-
tenuators with up to 
120 dB of programma-

ble attenuation through 6000 MHz. The LDA-
102E and LDA-602E have input power of up to 
2 W. The LDA-102E offers frequency coverage 
of 0.1 to 1000 MHZ while the LDA-602E ranges 
from 400 to 6000 MHz. Programmable for ATE 
applications, the attenuators can also be used in 
WiMAX, 3G, 4G, LTE, DVB fading simulators 
and engineering and production test labs.
Vaunix Technology Corp., 
www.vaunix.com.
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Mini-Circuits®

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

$395from

                 Programmable     

ATTENUATORS
Mini-Circuits programmable attenuators give you 
more options and more freedom with both USB and 
Ethernet control.  Available in versions with maximum 
attenuation of 30, 60, and 90 dB with 0.25 dB 
attenuation steps, all models provide precise level 
control with accurate, repeatable performance for a 
wide range of test applications. Our unique designs 

maintain linear attenuation change per dB over the entire 
range of attenuation settings. Supplied with user-friendly 
GUI control software and everything you need for immediate 
use out-of-the-box, Mini-Circuits programmable attenuators 
offer a range of solutions to meet your needs and fit your 
budget. Visit minicircuits.com for detailed performance 
specs, great prices, and off-the-shelf availability!

 0 –30, 60, or 90 dB  1 MHz to 6 GHz

RoHS compliant

USB & 
Ethernet Programmable     Programmable     Programmable

ATTENUATORS

NEW

NEW

NEW

Models Attenuation Attenuation Step USB Ethernet RS232 Price
 Range Accuracy Size Control Control Control $ ea.

RUDAT-6000-30 0 – 30 dB ±0.75 dB 0.25 dB ✓ - ✓ $395
RCDAT-6000-30 0 – 30 dB ±0.75 dB 0.25 dB ✓ ✓ - $495
RUDAT-6000-60 0 – 60 dB ±1.00 dB 0.25 dB ✓ - ✓ $625
RUDAT-6000-90 0 – 90 dB ±1.70 dB 0.25 dB ✓ - ✓ $695
RCDAT-6000-60 0 – 60 dB ±0.30 dB 0.25 dB ✓ ✓ - $725
RCDAT-6000-90 0 – 90 dB ±0.40 dB 0.25 dB ✓ ✓ - $795
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Components
2-Way Power Divider

The AM1500PD902 two-way power divider cov-
er 800 to 2200 MHz with insertion loss of 0.5 dB, 
isolation of at least 18 dB, amplitude balance of 
0.5 dB, phase balance of 5°, and VSWR of 1.4:1. 
It handles 100 W CW, uses Type-N female con-
nectors and measures 2.1" × 2.1" × 1".
Anatech Electronics Inc., 
www.amcrf.com.

Low Frequency Attenuators
Coaxial Components 
Corp. introduced DC 
to 4 GHz attenuators. 
By utilizing an innova-
tive alternative to high-
cost stainless-steel pro-
duction, Coaxicom’s at-
tenuators provide a 

cost-effective solution for general applications 
and in-field use. The low-frequency attenuator 
line is available in Type N (5910) and SMA 
(3910) series with an average power rating of 2 
W. The attenuators are available in reverse po-
larity, between series adapters, as well as 50 or 
75 Ω. These new attenuator models are RoHS 
and REACH compliant. 
Coaxial Components Corp., 
www.coaxicom.com.

Power Inductors 
Coilcraft’s new compact PFD3215 series cou-
pled chip power inductors provide high effi-
ciency and excellent current handling in a rug-
ged, low-cost part. The dual-wound PFD3215 

features a 1:1 
turns ratio and 
is designed for 
use in a variety 
of circuits in-
cluding flyback, 
mul t i -ou tput 
buck and SEP-
IC. These versa-

tile inductors can also be used as two single in-
ductors connected in series or parallel, as a 
wideband transformer or as a common mode 
choke. 
Coilcraft CPS, 
www.coilcraft.com.

Non-Reflective Switch

Custom MMIC 
introduced a 
new DC to 18 
GHz SPDT 
non-reflective 
switch, the 
C M D 1 9 5 C 3 , 
housed in a 3 × 
3 mm RoHS-

compliant SMT package. The CMD195C3 has 
an insertion loss of 2.25 dB at the low end of its 
bandwidth, which then reduces monotonically 
to 1.5 dB at the higher frequencies. The posi-
tive slope in insertion loss versus frequency al-
lows for several of the CMD195C3s to be cas-
caded together without the need for additional 
gain equalization circuitry. 
Custom MMIC,  
www.custommmic.com. 

Variable Attenuators
Fairview Micro-
wave’s line of 
variable step at-
tenuators come 
in 3 and 6 GHz 
frequency mod-
els and several 
different con-

nector configurations including SMA and N 
type connectors with side or rear mount posi-
tions. Several of these attenuators are hot-
switchable, meaning attenuation can be 
changed on the fly without powering down the 
system, allowing test data to be read continu-
ously. Several models with varying attenuation 
adjustments are available including 0 to 12 dB 
attenuation in 1 dB steps and 0 to 40 dB attenu-
ation in 10 dB steps.
Fairview Microwave Inc., 
www.fairviewmicrowave.com.

Hybrid Couplers 
KRYTAR’s 90° 
hybrid couplers 
are designed to 
perform many 
functions, in-
cluding splitting 
and combining 

signals in amplifiers, switching circuits, and an-
tenna beam-forming networks used in a wide 
range of commercial and military applications. 
KRYTAR’s new hybrid coupler, model 3010040, 

delivers excellent versatility from 1 to 4 GHz 
with excellent phase and amplitude matching. 
Typical specifications include amplitude imbal-
ance: ±0.6 dB; phase imbalance is ±6°; isolation 
is >17 dB; maximum VSWR: 1.30; insertion loss 
is <1.0 dB.
KRYTAR Inc., 
www.krytar.com.

Ferrites 
A new line of ferrites 
from Leader Tech of-
fers electronics manu-
facturers an extremely 
cost-effective alterna-
tive for controlling un-

wanted EMI/RFI interference. The company’s 
CE83 material ferrites are available in multiple 
solid and split core styles to fit data and power 
cables with diameters ranging from 0.138" to 
0.500". The new formulation is optimized for 
problem frequencies between 10 MHz to 1 
GHz and delivers peek impedance at 300 MHz.
Leader Tech, 
www.leadertechinc.com.

Buck Converter

Linear Technol-
ogy announced 
the LTC3638, a 
140 V input-ca-
pable high effi-
ciency buck 
converter that 

delivers up to 250 mA of continuous output cur-
rent. It operates from an input voltage range of 
4 to 140 V, making it ideal for telecom, indus-
trial, avionic and automotive applications. The 
LTC3638 utilizes internal synchronous rectifi-
cation and a programmable hysteretic-mode 
design to optimize efficiency over a broad range 
of output currents. It delivers efficiencies as 
high as 88 percent and requires only 12 µA of 
quiescent current, maximizing battery run time. 
Linear Technology Corp., 
www.linear.com. 

Microlithic Mixer 
Marki Microwave’s new-
est mixers, the ML1-
1850 and ML1-1644 of-
fer DC to 24 GHz and 
DC to 21 GHz (3 dB) 
IF response with RF/
LO bands of 18 to 50 

GHz and 16 to 44 GHz, respectively. Designed 
to scan the DC to 18 GHz band in tuner appli-
cations, both low-loss mixers cover the entire 
band with less than 10 dB of conversion loss. 
They feature 35 dB typical LO-RF isolation and 
excellent spur cancellation, including 56 dBc of 
typical 2xIF spurious suppression.  
Marki Microwave Inc., 
www.markimicrowave.com.

SP9T Switch 
Mesa Microwave Corp. 
has a new high power 
SP9T switch. It features 
100 W, 950 to 1050 
MHz, isolation of 45 
dB, and a temperature 
range of -55° to +85°C.

Mesa Microwave Corp., 
www.mesamicrowave.com.
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Active Multiplier

Model SFA-923963618-10SF-S1 is a W-Band 
X6 active multiplier with center frequency at 94 
GHz with minimum ±2 GHz operational band-
width. The active multiplier converts 15.33 to 
16.0 GHz/+5 dBm input signal to deliver 92 to 
96 GHz frequency band with more than +18 

dBm power. 
The active mul-
tiplier exhibits 
better than 60 
dBc superior 
harmonic sup-
pression perfor-
mance. It draws 
780 mA current 

from a +6 V DC power supplier. 
SAGE Millimeter Inc.,
www.sagemillimeter.com.

Lead Isolator

Skyworks Solu-
tions Inc. intro-
duced a 2110 to 
2170 MHz sin-
gle junction, ro-
bust lead isola-
tor in an indus-
try leading, 
small footprint, 
11 × 11 mm sur-

face mount package. The SKYFR-000727 is 
ideally suited for various wireless/cellular infra-
structure applications including small-cell de-
signs where space constraints exist. Designed 
for automated SMT placement, the isolator’s 
insertion loss is less than 0.30 dB over an oper-
ating temperature range of –40° to +100°C.  In 
addition, it is beryllium oxide free.
Skyworks Solutions Inc.,
www.skyworksinc.com.

Lowpass Filter
Spacek Labs model LPF1-86-11 is an E-Band low-
pass fi lter in WR-12 waveguide. It has a pass 
band of 71 to 86 GHz with an insertion loss of 
1.5 dB typical and 2 dB maximum. The reject 

Converters 
Norden Millimeter has 
designed and is manu-
facturing a confi gurable 
line of down and up 
converters that cover 
the 2 to 18 GHz fre-
quency band using 
Norden standard build-
ing blocks. These con-

verters can be customized to cover the 2 to 8 
GHz, 2 to 18 GHz, 6 to 18 GHz, 8 to 12 GHz 
and 8 to 18 GHz. The converters were designed 
to operate with a 0.5 or 1 GHz instantaneous 
bandwidth. The converter IF center frequency 
can be set between 1 and 4 GHz. 
Norden Millimeter,
www.nordengroup.com.

Power Dividers
Pasternack En-
terprises intro-
duced a brand 
new line of 
Wilkinson pow-
er dividers (also 
referred to as 

Wilkinson power splitters). These multi-octave 
power dividers cover popular communications 
bands from 0.5 to 2.7 GHz including 3G and 
4G, plus WiFi bands and are well suited for ap-
plications such as in-building distributed an-
tenna systems (DAS) or test environments. Pas-
ternack is offering two Wilkinson designs cover-
ing 0.5 to 2 GHz and 0.7 to 2.7 GHz bands. 
Pasternack Enterprises Inc.,
www.pasternack.com.

Absorptive Switch
Pulsar Micro-
wave Corp.’s 
new PIN diode 
switch, P/N 
S W 1 6 A D - 3 2 , 
covers the fre-
quency range of 
0.5 to 10 GHz 

with 5 dB max insertion loss and 60 dB isola-

 www.herotek.com   408-941-8399   Herotek Inc. 155 Baytech Drive, San Jose CA 95134    info@herotek.com    

RF & Microwave Products from DC to 75 GHz 

Herotek.  30 Years of Advanced Design and Expertise. 

AMPLIFIERS DETECTORS COMB and IMPULSE 
GENERATORS 

LIMITERS PIN SWITCHES 

Count on Herotek for unparalleled performance  

Robust solutions  
Superb durability   

Experienced team to handle your needs   

tion. The maximum RF input power is +23 
dBm and the switching time is 100 nano-sec-
onds. TTL Schottky diodes are utilized with ±5 
V DC at 400 mA required. Outline dimensions 
are 8.5" × 3.5" × 0.6".
Pulsar Microwave Corp.,
www.pulsarmicrowave.com.

Drop-In Isolator

Renaissance has devel-
oped a new low cost, 
high power, drop-in 
isolator to protect ex-
pensive amplifi ers from 
unwanted refl ected 
power levels at S-Band 
frequencies. Covering 
2.7 to 2.9 GHz, this iso-
lator provides a VSWR 

of 1.25:1 at input and output ports with loss of 
0.4 dB and isolation of 20 dB over -30° to 
+85°C. Optimized for aeronautical communi-
cation and navigation systems, this isolator can 
be provided in phased matched sets. 
Renaissance/HXI,
www.rec-usa.com.

High Power Switch
RLC Electron-
ics’ high power 
switch line pro-
vides proven re-
liability, long 
life and out-
standing electri-
cal performance 
in SP2T-SP6T 
and DPDT 

(transfer switch) confi gurations. The switch fea-
tures extremely low insertion loss and VSWR 
over the entire DC to 9.75 GHz range, while 
maintaining high isolation. The unit can handle 
average power requirements of approximately 
600 to 700 W at 6 GHz and over 1000 W at 2 
GHz. It can be provided in latching self-cutoff 
or pulse latching mode, in addition to failsafe.  
RLC Electronics,
www.rlcelectronics.com.
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design measures just 4.5" × 1.75" × 1.13" and is 
ideal for military and commercial applications.
Werlatone, 
www.werlatone.com.

Cables and 
Connectors
Mini-DIN Adapters 

The Amphenol Connex 
line of low PIM mini-
DIN, or 4.1/9.5, adapt-
ers are ideal for wire-
less applications requir-
ing consistent electrical 
performance, low re-
turn loss and low IMD. 
This series has been 

engineered to exceed wireless industry perfor-
mance standards and to match the physical per-
formance expectations of its larger predecessor, 
the 7/16 connector. The 4.1/9.5 adapters are 
available with Type-N and 7/16 DIN connector 
interfaces. These coaxial adapters feature preci-
sion machined brass bodies and contacts.
Amphenol Connex, 
www.amphenolconnex.com. 

Low-PIM Adapters
P1dB Inc. intro-
duced a full line 
of low-PIM 
adapters within 
its P1LP-ADP 
line. Available 
for 7/16 and 
Type N within-

series applications and 7/16 between-series 
(Type N and SMA) applications, the high-perfor-
mance line of adapters complements P1dB’s high 
quality low-PIM cable assemblies. The bodies of 
the adapters are silver plated phosphorus bronze 
and offer the same low-PIM performance as sil-
ver without fear of tarnishing. Contacts are either 
silver-plated beryllium copper or silver plated 
beryllium copper over phosphorus bronze.
P1dB Inc., 
www.p1db.com.

turn and volume production. Operating in the 1 
to 6 GHz frequency range and rated at 250 W 
CW, the DDH 4016 is designed for use across 
multiple broadband test applications. This low 
loss unit provides insertion loss of 0.2 dB max, 
VSWR (ML) of 1.20:1, coupling flatness of ±0.5 
dB, and directivity of 18 dB. Package size is 
2.67" × 1.75" × 1.12".  
TRM Microwave, 
www.trmmicrowave.com.

Attenuator

Richardson RFPD Inc. announced immediate 
availability and full design support capabilities 
for a new 30 dB, SMA-connectorized attenua-
tor from Wavelex. The WAT06E precision at-
tenuator operates from DC to 6 GHz, with 50 

Ω impedance, 
with up to 30 dB 
attenuation, and 
features 20 W 
continuous wave 
(CW) RF power 
handling and 
1.2:1 VSWR. It 

is ideally-suited for wideband power attenuation, 
high power measurement, high power IP mea-
surement, and RF bench test applications.
Wavelex, distributed by 
Richardson RFPD Inc., 
www.wavelex.com.

Low Pass Filter

Werlatone in-
troduced its 
new line of 
high power, ab-
sorptive filters 
with the Model 
AF9350. This 
UHF, low pass 
filter covers the 
10 to 500 MHz 
band, and has 

an average power rating of 400 W CW. The 
AF9350 incurs a rejection of 45 dB minimum at 
the 750 to 3000 MHz band and power rating of 
25 W CW from 501 to 5000 MHz. This compact 

band is 91 to 
140 GHz, with 
20 dB rejection 
at 91 GHz and 
35 dB minimum 
over the rest of 
the band. This 
series of filters 

can be made from 18 to 110 GHz.
Spacek Labs Inc., 
www.spaceklabs.com.

GaN Switches 

RFMW Ltd. an-
nounced design 
and sales sup-
port for a pair of 
high power 
GaN SPDT 
switches from 
TriQuint. The 

TGS2352-2-SM covers frequencies from 500 
MHz to 12 GHz and handles input power up to 
20 W while the TGS2353-2-SM extends fre-
quency coverage to 18 GHz and handles up to 
10 W of input power. Both offer switching 
speeds <35 nS and control voltages of 0/-40 V. 
Both switches are offered in a 4 × 4 mm QFN 
package featuring an AlN ceramic base. 
TriQuint, distributed by RFMW Ltd., 
www.triquint.com.

Directional Coupler 

Model DDH 4016 is a highly reliable, broad-
band dual directional coupler, ready for quick-
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modulation dis-
tortion for mili-
tary and wire-
less applica-
tions. The unit 
offers over volt-
age and RF in-
put overdrive 

protection, and has a fault monitor for over/un-
der current. Additional output power levels in 
Class A and Class AB configurations are avail-
able.
AR RF/Microwave Instrumentation, 
www.arworld.us.

SSPA
COMTECH PST introduced a new high power 
density solid state RF module quickly becoming 
available in today’s marketplace. Comtech’s lat-
est development continues to expand on its 

proven innova-
tive integrated 
RF GaN power 
amplifier de-
signs by further 
increasing the 
RF power den-
sity. Consistent 

with its planned technology development road-
map, Comtech introduced the latest in GaN-
based 6 to 18 GHz RF amplifier. This highly 
integrated design is ideal for use in communica-
tion, electronic warfare and radar transmitter 
systems where space, cooling and power are 
limited. 
COMTECH PST, 
www.comtechpst.com.

semblies are 100 percent tested for static and 
dynamic PIM and verified to provide stable 
PIM performance prior to shipment. These ca-
bles include SPP™ – Plenum rated and UL 
listed; SPF™ – Fire retardant for riser use; and 
SPO™ – outdoor rated.
Times Microwave Systems, 
www.timesmicro.com.

Low PIM Adapters 
Trilithic Inc. has released a new series of DC to 
6 GHz, low PIM adapters with -168 dBc PIM at 

1800 MHz, 43 dBm per 
tone with VSWR: 1.2:1 
maximum. Connector 
configuration is 7/16 
DIN male to N female. 
Inner contact: silver 
plated Be-Cu. Connec-

tor body: Silver/Tri-metal plated brass. Dielec-
tric: PTFE. RoHS compliant. Contact factory for 
price and delivery.
Trilithic Inc., 
http://rfmicrowave.trilithic.com.

Amplifiers
Hybrid PA

Model 50HM1G6AB-47 is a compact, wide-
band, Class AB solid state hybrid power ampli-
fier module that instantaneously covers 1 to 6 
GHz. It operates from a single DC voltage and 
provides 48 dB of typical gain with excellent 
gain flatness, low noise figure and low inter-

Push-On Adaptors
Response Mi-
crowave Inc. an-
nounced the 
availability of a 
new series of 
quick connect 
male adaptors 

that expedites general DUT testing. The new 
units are available in SMA18, SMA27, N, 7/16, 
TNC and TNCA interfaces and operate incre-
mentally over the DC to 27 GHz range. Typical 
electrical performance offers insertion loss of 
0.3 dB and VSWR of 1.2:1 max. Units mate to 
any standard female and offer a unique detent 
coupling mechanism that does not degrade 
electrical performance. Durability through 500 
mating cycles revealed no physical degradation.
Response Microwave Inc., 
www.responsemicrowave.com.

PIM Rated Jumpers
Times Micro-
wave Systems 
announced the 
availability of its 
full line of PIM 
rated jumper 
cables, includ-
ing PIM rated 

jumpers for plenum applications. PIM testing 
includes the important dynamic testing in order 
for cables for provide good PIM performance 
after installation. All Times Microwave PIM as-
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and manufactured in the USA, the model  
CVCO55CC-3850-3850 is packaged in the 
industry-standard 0.5" × 0.5" SMD package. 
Input voltage is 8 V, with a max. current con-
sumption of 35 mA. Pulling and pushing are 
minimized to 1 MHz and 0.2 MHz/V, respec-
tively. 
Crystek Corp., 
www.crystek.com.

Frequency Synthesizer

PMI Model No. PFS-618-CD-1 is a high speed 
frequency synthesizer that operates over the 

frequency range 
of 6 to 18 GHz. 
This model cov-
ers the com-
plete 6 to 18 
GHz frequency 
in 100 kHz steps 
with an output 
power of +10 

dBm minimum. The unit is accurate to within 
±1 MHz and settles within 1 usec maximum. 
This model features low SSB noise and a low 
spurious output of -55 dBc maximum. Harmon-
ics are kept below -30 dBc. 
Planar Monolithics Industries, 
www.pmi-rf.com.

Waveguide Noise Sources
QuinStar Technology Inc. introduced the 
QNS-FB15LE series of waveguide noise 
sources. The QNS series waveguide noise 
source comes in standard (Q,U, V, E and W) full 
waveguide bands. The QuinStar QNS  

series noise 
sources have 15 
dB ENR with 
0.015 dB/°C of 
noise power out-
put stability over 
temperature and 
0.15 dB/1 per-
cent over bias 

voltage. Typical ENR flatness is ±0.5 dB over any 
10 GHz region and ±1.25 dB over the full band. 
QuinStar also offers QIF series full band match-
ing isolators as an option.
QuinStar Technology Inc., 
www.quinstar.com.

Miniature VCO
The DCO200400-5 is a broadband miniature 
VCO covering from 2 to 4 GHz and sized only at 
0.3 inches square. This tiny VCO boasts low 

noise of -90 dBc/
Hz at 10 kHz 
offset, making it 
ideal for hand-
held test equip-
ment and micro-
wave point-to-
point radio ap-
plications. The 
output power of 
-2 dBm mini-
mum comes 

from a bias requirement of only +5 V at 46 mA 
(max). Tuning requirement for the full band is 
0.5 to 18 V. Second harmonic is suppressed by 
12 dB minimum.
Synergy Microwave Corp., 
www.synergymwave.com. 

25.5 GHz with excellent gain flatness as well as 
good temperature stability. The amplifier re-
quires a single DC power supply +8.5 ~ 10.0 V. 
The package size of the amplifier is 1.7" × 1.2" × 
0.40". 
Wenteq Microwave, 
www.wenteq.com.

Packages
QFN Packages

High tempera-
ture co-fired ce-
ramic (HTCC) 
QFN packages 
from Barry In-
dustries feature 
low-loss broad-
band transitions 
for superior per-
formance over 
frequency. They 

are tested to 40 GHz. HTCC construction pro-
vides for enhanced mechanical strength and 
higher thermal conductivity compared with 
LTCC. These hermetically sealable air cavity 
packages conform to JEDEC MO-220 foot-
prints. Lids are available from the factory.
Barry Industries Inc., 
www.barryind.com.

Sources
TCXO

The new Con-
nor-Winf ie ld 
CSBxx Series 
are surface 
mount, 5 × 7 
mm, 3.3 V, LVC-
MOS or clipped 
sinewave tem-
perature com-
pensated crystal 

oscillators (TCXO) designed to be emergency 
beacon frequency references requiring tight 
±0.2 ppm frequency stability and frequency 
slope control of only ±0.7 ppb/min. The low 
power dissipation of 6 mW allows it to power up 
immediately with an accurate frequency. Class 
1 devices operate over -40° to 55°C and Class 2 
devices operate -20° to 55°C. 
Connor-Winfield, 
www.conwin.com.

VCO 

Crystek’s CVCO55CC-3850-3850 voltage con-
trolled oscillator (VCO) operates at 3850 MHz 
with a control voltage range of 0.5 ~ 4.5 V. This 
VCO features a typical phase noise of -110 dBc/
Hz at 10 kHz offset and has excellent linearity. 
Output power is typically +7 dBm. Engineered 

Driver Amplifier
Eclipse Microwave’s EMD1211 is a GaAs 
MMIC general purpose driver amplifier. This 

amp module is 
ideal for appli-
cations that re-
quire a typical 
output of +30 
dBm at 10 GHz 
while requiring 
only 300 mA 
from a +12 V 
supply. Gain 
flatness of this 

device is less than 2.0 dB from DC to 20 GHz. 
The EMD1211 comes in a small connectorize 
module ideal for commercial and industrial ap-
plications. 
Eclipse Microwave, 
www.eclipsemicrowave.com.

TTL Amplifier

MSH-4627908-TTL is a 10 W amplifier opti-
mized for the operating frequency range of 5.2 
to 5.8 GHz with 28 dB min of gain and 6 A max 
fully matched to 50 Ω. TTL provides fast blank-
ing and is customizable. This model is suitable 
for a range of applications which include test 
systems, defense or aerospace, and can be easily 
modified to meet your requirements. It is de-
signed to meet MIL-STD-883 and is manufac-
tured in compliance with AS9100. 
Microwave Solutions Inc., 
www.microwavesolutions.com.

Pulse Amplifier 
RFHIC introduced its new GaN power ampli-
fier, RRM2735160-35. This amplifier can re-
vamp existing solutions or be designed for cut-
ting-edge uses. Supremely designed for radar 

systems operat-
ing in the 2.7 ~ 
3.5 GHz range, 
this high perfor-
mance amplifier 
utilizes state-of-
the-art GaN-

SiC transistors, achieving 35 dB gain (typical) 
with drain efficiency of 40 percent (typical). It is 
also matched for 50 Ω input/output.
RFHIC, 
www.rfhic.com.

Power Amplifier
Model AHP2475-03-3433-W42 is a tempera-
ture compensated waveguide power amplifier 
offering 34 dB linear gain and 33 dBm typical 

output power at 
1 dB gain com-
pression point 
over the fre-
quency range 
from 24.0 to 
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measure most of the parameters de-
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of instrument operation, and combine 
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ment benches for measuring micro-
wave and wireless quantities.
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1950. Rohde & 
Schwarz introduces the Zg 
diagraph, the world’s fi rst vector 
network analyzer allowing users 
to directly measure S-parame-
ters. With its Smith chart display 
for microwave engineers, the 
ZDU model (30 to 300 MHz), fol-
lowed by the ZDD (300 to 2400 
MHz) was primarily used on TV 
broadcasting antennas and to 
test special cables in telecom-
munications. 

1965. Wiltron intro-
duces the 310 VNA with fre-
quency ranges from 1 to 2, 2 
to 4 and 4 to 8 GHz. Narrow 
band backward wave oscilla-
tors were used as the signal 
source. Plug-in monitors 
provided rectangular or Smith 
chart display.

1967. Hewlett-Packard 
introduces the 8410 network 
analyzer with swept capabil-
ity to 12 GHz. This integrated 
multiple box bench-top sys-
tem provided engineers with 
transmission, refl ection and 

MicrowaveJournal’s

Net�work An�a�ly�zer [net-work] [an-l-ahy-zer]
Network analyzers measure the incident, refl ected and transmitted energy, that is 
launched onto a transmission line, refl ected back down the transmission line toward the 
source (due to impedence mismatch), and successfully transmitted to the terminating 
device. Network analyzers are commonly used to measure S-parameters, but there are 
other network parameter sets such as y-parameters, z-parameters and h-parameters. 
Network analyzers are often used to characterize two-port networks such as amplifi ers 
and fi lters, but they can be used on networks with an arbitrary number of ports. 

impedance data in a single two-
dimensional representation.

1984.  The 26.5 GHz 
HP-8510 VNA is released. The 
instrument includes a synthe-
sized source, error correction, 
time domain and pulse mea-
surements. An HP-1B data bus 
is used for automatic opera-
tions.

1987. Wiltron intro-
duces the 40 GHz 360 VNA 
system with color display and 
lower frequency range extend-
ed down to 10 MHz. Wiltron’s 
Founder William Jarvis pushed 
his engineers to develop a 
competitive instrument to HP. 
HP introduces a one-box VNA, 
the HP-8753.

1988. Rohde & 
Schwarz introduce the 8 GHz 
ZVT8 which includes 8 mea-
surement ports.

STEM W  rks

2000. Anritsu (former-
ly Wiltron) introduces a VNA 
series with a frequency range 
up to 65 GHz. HP (now Agilent) 
releases its PNA with a range 
up to 50 GHz. 

2006. R&S introduces 
the ZVA with four internal 
phase coherent sources up to 
67 GHz. It is the fi rst VNA with 
four internal sources up to 67 
GHz for fast two-tone mea-
surements on amplifi ers and 
mixers.

2008. Agilent introduc-
es NVNA software which trans-
forms one of the company’s 
four port PNA-X VNA systems 
into a nonlinear VNA.

2012. Anritsu introduc-
es a VNA family with 70 kHz 
to 125 GHz noise fi gure mea-
surement capability, enabled 
in part by a unique receiver 
optimized for measurements 
from 30 to 125 GHz.

2 PORT
NETWORK

FROM
SOURCE

TO
LOAD

a1

a: incident wave
b: reflected wave
b1 = S11a1+S12a2
b2 = S21a1+S22a2

b1

a2

b2
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RF Cable and 
Connector Outlook
Richard Mumford and Pat Hindle
Microwave Journal Editors

To evaluate the cable and connector 
market on the ground, Microwave 
Journal has taken a snapshot of activity 

from manufacturers in the U.S. and in Europe 
who offer a frontline perspective of the outlook 
for the market in 2014, expectations for growth 
and drivers impacting product development.

MARKET OUTLOOK FOR 2014
Spectrum Elektrotechnik’s view is that in 

general there will not be signifi cant change 
compared with recent years, while Huber + 
Suhner envisages moderate growth. W. L. Gore 
& Associates (Gore) states, “Uncertainty in the 
global economy and government cutbacks are 
affecting the amount of investment in research 
and innovation, particularly in smaller compa-
nies. We believe that this will have an impact 
in two major areas — the supply chain and in-
novation. To remain competitive in the market, 
established suppliers will need to advance the 
development of new materials, products and 
technologies.”

Gore continues, “Also, we believe that there 
will be more emphasis on selecting solutions 
that last longer, therefore, saving time and 
money over the life of projects or systems. This 
focus on products that survive the test of time 
will be the driving force behind innovation, 
with more customers requesting information 
about durability testing in their application en-
vironments.”

SPINNER’s focus is primarily related to 
jumpers (cable assemblies) which are the com-
pany’s core business and general connectors, 
with both being predicted to grow in 2014. 
SPINNER comments, “The tremendous effort 
to build mobile broadband networks has defi -
nitely increased the demand for both connec-
tors and jumpers. We see a rising demand for 
mid-sized connectors to support more compact 
housings for BTSs and antennas as well as bet-
ter PIM that primarily addresses the replace-
ment of N connectors, which has mainly been 
driven by the U.S. so far.”

Mobile communications is also seen as a 
factor by Molex Inc., which states, “Higher 
data rates and demand for functionality are 
major drivers for growth in mobile wireless 
telecommunications and networking. As an 
industry, we can expect continued expansion 
in sales of mobile and wireless devices, in tan-
dem with high rates of technology refresh. Key 
markets for RF/microwave are growing across 
the board at a robust pace, including a strong 
rebound in the automotive industry. The sales 
pipeline is full across wireless markets, spurred 
by high volume and high value solutions and 
tools to make it easier for customers to more 
quickly bring new products to market.”

AREAS OF GROWTH
Concentrating on the company’s core mar-

kets, SPINNER predicts, “The jumper market 
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antennas which have 
been adapted to 4.1-
9.5 and installations 
have started in Q1 
2014.

“While North 
America is currently 
primarily focusing 
on 4.1-9.5 deploy-
ments, the rest of 
the world is looking 
forward to 4.3-10 
with high expecta-
tions (and we cannot 

say North America is not). We have 
developed 4.3-10 and the system is 
currently under going standardization. 
Once this is fi nalized and major car-
riers/OEMs have introduced them on 
their equipment, we expect the fl ood-
gates to open for this new connector 
system.”

EJL Wireless Research confi rms 
the dominance of 7/16 in as shown in 
Figure 4. Almost 70 percent of DIN/N 
connectors for BTS in 2012 were ½" or 
smaller with a total market of $213.9 
million. EJL Wireless Research also 
analyzed the BTS connectors by type 
which is shown in Figure 5. This 
shows the dominance of ½" or smaller 
DIN straight connectors. EJL Wire-
less Research also sees a trend that RF 
connectors are beginning to see mini-
DINs and MCIC types for cables/an-
tennas that are driven by TD-LTE de-
ployments in China and the U.S.

Molex sees: “Signifi cant devel-
opment work to add RF features in 
everything from appliances to auto-
mobiles. In the immediate future, 
we foresee new technologies such as 
4K HDTV and cameras to deliver to 
savvy consumers the higher resolution 
experience that will gain mass market 
appeal as content grows.”

With its wide range of cable and 
connector products, Huber + Suhner 
sees most growth in the transportation 
sector, particularly public transport, 
military and space applications, and to 
facilitate communication infrastruc-
ture changes. In its fi eld of applica-
tion, Spectrum Elektrotechnik states, 
“The most growth we expect is for 
phase matched cable assemblies and 
hermetically sealed connectors and 
adapters.”

will grow and at the same time jump-
ers will become longer. There is also a 
tendency for LF1/2" to increase mar-
ket share compared to SF1/2". The 
ongoing introduction of BBUs and 
RRUs will reduce the need for feeder 
lines, which will be refl ected in longer 
jumpers being used between RRUs 
and antennas.” 

EJL Wireless Research also sup-
ports that feeder cables are declining in 
use as they are being replaced by fi ber 
optic cables. The jumper cable stabil-
ity and future growth is supported by 
EJL Wireless Research as it sees RF 
jumper cable demand remaining sta-
ble due to remote radio head (RRH) 
deployments on BTS sites.  Its market 
projection for feeder cables is shown in 
Figure 1 with fl at demand in 2013-15 
but some growth expected in 2016-17.

EJL Wireless Research analyzed 
the feeder and jumper cable size for 
BTS for 2012. Figures 2 and 3 show 
the size breakdown and total market 
size for feeder and jumper cables, re-
spectively. About half of the feeder 
cable diameters are 1¼" or larger with 
a total market size of $380.7 million.  
On the other hand, close to half of 
jumper cables are ½" or less, to pro-
vide fl exibility, with a total market size 
of $280.3 million.

With regard to connectors,
SPINNER maintains, “From the 
perspective of quantity, connector 
growth will be dominated by 7-16 in 
2014. Nevertheless, most growth per-
centage wise (market share) will be 
with 4.1-9.5 and 4.3-10. The 4.1-9.5 
will grow more signifi cantly in North 
America based on carrier announce-
ments to replace N with 4.1-9.5. 4.1-
9.5 based products such as BTS and 

 Fig. 1  RF jumper cables for BTS, 2012-2017 (Source: EJL Wire-
less Research).

2012 2013E 2014E 2015E 2016E 2017E

 Fig. 2  2012 RF feeder cables for BTS by 
diameter (Source: EJL Wireless Research).

1/2" or smaller
20.5%

7/8" 
30.7%

1 1/4" or
greater 
48.8%

TOTAL = $380.7 MILLION

 Fig. 3  2012 RF jumper cables for BTS 
(Source: EJL Wireless Research).

1/2" or less,
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45.1%

7/8"
super flexible 

8.6%

1/2" or less,
super flexible 

46.3%

TOTAL = $280.3 MILLION

 Fig. 4  2012 RF DIN/N connectors for 
BTS by size (Source: EJL Wireless Research).
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ing back to incorrect installation or in-
appropriate material usage; this is why 
we developed a more robust and less 
error-prone 4.3-10 connector system. 
Basically, SPINNER is committed to 
4.3-10 that support the key factors of 
PIM, size and reliability.”

Low PIM requirements have been 
a growing concern over the last few 
years as system requirements have 
tightened up as the industry learned 
more about its effects. System integra-
tors are now requiring very low PIM 
specifi cations and might move to even 
lower levels that could push many 
cable/connector manufacturers out 
of the this market. Current industry 
standards require PIM levels of about 
-150 dBc or better, but some in the 
industry have hinted that they might 
require levels as low as -160 dBc in 
the future. This will also impact test-
ing as designing test systems that are 
capable of accurately measuring down 
to the level will be diffi cult. Read 
“Passive Intermodulation Character-
istics” by Murat Eron of the Wireless 
Telecom Group in this issue for more 
specifi cs about PIM and how it affects 
cable design and systems.

Focusing on the specifi c needs of 
its customers and its product offering, 
Spectrum Elektrotechnik sees a key 
driver being “phase adjustable self-
locking connectors with a wide adjust-
ment range, e.g., 280° at 18 GHz.”

Huber + Suhner identifi es key 
drivers being to provide energy ef-

the rest of the world starts to adapt to 
LF1/2" jumpers.

DRIVERS FOR PRODUCT 
DEVELOPMENT

Success is dependent on develop-
ing the right product at the right time 
for the right market. However, achiev-
ing that goal is reliant on a multitude 
of factors.

Gore’s current approach is to: 
“Continue to focus on delivering reli-
able electrical and mechanical integ-
rity in demanding environments. In 
the aerospace industry, for example, 
cables need to withstand abrasion, 
cut-through, and routing during in-
stallation and maintenance as well as 
vibration, fl exibility, and extreme tem-
peratures during operation.

“Aircraft manufacturers are con-
tinuing to look for solutions that lower 
the total weight and cost of cable as-
semblies and improve their installa-
tion process, all without compromis-
ing signal integrity over the life of the 
aircraft. This translates to a demand 
for lighter, tougher, more durable 
cable technologies that minimize 
the need for frequent cable replace-
ments.”

SPINNER takes the view that, 
“The jumper market is developing 
more and more into a project driven 
installation business, which is driving 
us to offer the highest possible fl ex-
ibility to our customers, facilitated 
by focusing on fast and customized 
manufacturing. Flexible means, man-
ufacturing different jumper types with 
individually confi gured connectors 
and cable length within a few days. 
To achieve this, the focus is not just 
on product development, but also the 
development of our manufacturing 
plants and processes to ensure quick 
turnaround time while maintaining 
high quality.”

The company also believes that 
with the introduction of LTE, low 
PIM has become even more critical 
alongside the increasing need for min-
iaturization since BTS and antenna 
housings are quite often dominated 
by the size of the connector system. 
SPINNER says, “Our customers see 
most of the problems in the fi eld go-

Gore envisages environmental fac-
tors being important, commenting: 
“As industries continue to deal with 
tightening budgets, the biggest area 
of growth we see for microwave/RF 
applications is the demand for reliable 
components — especially cable as-
semblies — that withstand demanding 
environments. For example, portable 
analyzers are increasingly being used 
in the aerospace and telecommunica-
tions industries to facilitate testing out 
in the fi eld. These analyzers need ca-
ble assemblies that can withstand the 
extreme environmental conditions as 
well as frequent handling during use. 
Specifi c applications that are emerg-
ing — and will be a focus for many 
— include radar systems, millimeter-
wave applications, and automotive 
radar.”

With regard to geographical 
growth, Molex views its global net-
work at the forefront of today’s 
RF/microwave technologies, provid-
ing complete support at every phase 
of the product life cycle. The com-
pany says, “Asia represents the fastest 
regional growth market with prolif-
eration of consumer, networking, cel-
lular mobile products and automotive 
demand on the rise. In Europe and 
North America, there is an increasing 
demand for connectivity across many 
platforms, driving a need for greater 
bandwidth to support handheld devic-
es, notebook computers, WiFi access 
points and other networking activity.”

Gore identifi es new players in the 
market, stating, “As the mobile phone 
and wireless service providers contin-
ue to reduce hardware costs and im-
prove system reliability, large under-
served markets like Africa may rival 
China in terms of growth.”

Huber + Suhner predicts the po-
tential for growth being in the es-
tablished markets of North America, 
Western Europe and APAC. Spec-
trum Elektrotechnik is concerned 
that the impact of Germany and sev-
eral other European companies cut-
ting their military budget, while the 
“U.S. is stagnating” could mean limit-
ed growth. However, SPINNER sees 
the introduction of 4.1-9.5 in North 
America as being signifi cant while 

 Fig. 5  2012 RF connectors for BTS by 
type (Source: EJL Wireless Research).
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duce weight and size, requiring min-
iaturization.

Miniaturization is also a consid-
eration for Molex as are the require-
ments of OEMS. The company states, 
“Based on proven connector tech-
nologies, specialty ganged, stacked, 
backplane and other multi-port I/O 

fi ciency and the production of envi-
ronmentally friendly product with 
the elimination of hazardous sub-
stances and the adherence to safety 
standards. It also sees increased 
bandwidth and the subsequent de-
mand for higher frequencies being 
signifi cant, along with the need to re-

solutions that group connectors in a 
common housing are gaining traction 
among OEMs looking to streamline 
designs and save space in many dif-
ferent systems. Miniaturization has 
enabled better designs in smart prod-
ucts, earbuds, music players, stream-
ing video and audio devices.

“Low frequency microcoaxial RF 
solutions represent a high volume 
market, especially for ultra-miniature 
stamped connectors. Microcoaxial RF 
connectors are a low-profi le (available 
down to 1 mm mated height) wire-to-
board solution – ideal for embedding in 
small, handheld wireless devices such 
as mobile phones, radio-communica-
tion equipment, GPS systems, tablet 
computers and a plethora of content 
streaming consumer applications.”

SUMMARY
Most companies see the BTS cable 

assembly market being stable with fl at 
to moderate growth in the coming 
years. There seems to be a shift away 
from feeder cables due to the ongo-
ing introduction of BBUs and RRUs 
plus some replacement by fi ber optical 
cables. The jumper cable market is ex-
pected to experience moderate growth 
due to the deployment of remote radio 
heads. There seems to be a market 
push for higher quality cables that are 
more durable and have lower PIM. 
As more LTE networks are deployed, 
PIM becomes more important and re-
quirements are likely to become even 
more stringent forcing cable assembly 
manufacturers to improve quality and 
testing procedures. While the 7/16 RF 
connector dominates the current BTS 
market, other connector types are be-
ing introduced and are expected to 
grow in popularity. RF connectors are 
beginning to see the use of mini-DINs 
and MCIC types for cables and anten-
nas driven by TD-LTE deployments in 
China and the U.S. ■

ACKNOWLEDGMENT
Thanks to EJL Wireless Research 

who provided the data and graphics 
for the market analysis and projec-
tions in addition to inputs on mar-
ket trends (www.ejlwireless.com, 
info@ejlwireless.com).

See us at IMS Booth 1027

_3M39S FINAL.indd   10 2/26/14   8:11 AM

http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S10&exitLink=http%3A%2F%2Fwww.ejlwireless.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S10&exitLink=mailto%3Ainfo%40ejlwireless.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S10&exitLink=http%3A%2F%2Fgore.com%2Ftest


507 rev C

Different cables for different needs—and all built to last.
For almost 40 years we searched for reliable, high-performance 
cables that could stand up to the heavy use our 100% testing 
policy demands. Finally, we were able to acheive our goal, 
and we’re proud to make these cables available to the rest 
of the industry, backed with our unprecedented 6-month 
guarantee.* Just go to minicircuits.com and order some 
for yourself! You’ll quickly find that consistent long-term  
performance, less retesting, and fewer false rejects really 
add up to bottom-line savings, test after test!

See minicircuits.com for cable lengths, specifications, performance data, and surprisingly low prices!

Cables
PRECISION TEST

 from 

$68 95
ea. (qty. 1-9)DC to 40 GHz!

Armored Test Cables: rugged, triple 
shielded construction, flexible enough  
to pass 20,000+ Flex-Test cycles.

Flex TestTM setup shows triple 
strain relief, effective through 
20,000 flex cycles for all models.

40 GHz cables compatible 
with SMA, K®, 
2.9 & 3.5 connectors.

40 GHz 
Low Loss and 
 Phase Stable

Precision

Armored

Mini-Circuits®

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

NOW!

50 & 75 Ω

Precision
75Ω

Model Family Freq. Connectors Lengths† Temp
   (GHz) (male) (ft ) (°C)

Precession Test (CBL) DC-18 SMA‡, N  1.6-25 -55/+105
Precession Test 75Ω (CBL) DC- 3 N, F 2-6 -55/+105
Armored (APC) DC-18 N 6.0-15 -55/+105
Low Loss (KBL-LOW) DC-40 2.92 1.5-6.6 -55/+85
Phase Stable (KBL-PHS) DC-40 2.92 1.5-6.6 -55/+85

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

† Custom lengths available by special order.
‡ SMA female connectors featured on some models, or via special order.
K-Connector is a registered trademark of Anritsu Company.

NEW

All models 50Ω except as noted.

507rev Ccable.indd   1 2/21/14   10:26 AMMWJ_MC507REVC_0314indd.indd   11 2/24/14   3:06 PM

http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S11&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S11&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S11&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S11&exitLink=mailto%3Asales%40minicircuits.com


12  CABLES & CONNECTORS SUPPLEMENT ■ MARCH 2014

Cables and Connectors Supplement

Signal Launch 
Methods for 
RF/Microwave PCBs
John Coonrod
Rogers Corp., Chandler, AZ

 Transferring high frequency energy 
from a coaxial connector to a printed 
circuit board (PCB) is often referred 

to as a signal launch and it can be diffi cult to 
characterize. How effi ciently energy is trans-
ferred can vary a great deal from one circuit 
structure to another. Factors such as the PCB 
material, its thickness and the operating fre-
quency range affect performance, as well as 
the connector design and its interaction with 
the circuit material. With an understanding of 
the issues, including the differences in signal-
launch confi gurations, and by reviewing some 
examples of ways to optimize RF/microwave 
signal launches, performance can be improved.

Achieving an effective signal launch is de-
sign dependent, with broad-
band optimization typically 
more challenging than narrow-
band. Design of a high frequen-
cy launch usually grows in diffi -
culty with increasing frequency, 
and can be more problematic 
with thicker circuit materials 
and more complicated circuit 
constructions.

SIGNAL LAUNCH DESIGN AND OPTIMIZATION
A signal launch from a coaxial cable and 

connector to a microstrip PCB is illustrated 
in Figure 1. The electromagnetic (EM) fi elds 
traveling through the coaxial cable and con-
nector have a cylindrical orientation while the 
EM fi elds in the PCB have a planar or rect-
angular orientation. When the fi elds transi-
tion from one propagating medium to another, 
they change orientation to accommodate the 
new environment, causing anomalies. The 
transition depends upon the type of medium; 
whether a signal launch is being made, for 
example, from a coaxial cable and connector 
to microstrip, grounded coplanar waveguide 
(GCPW), or stripline. The type of coaxial con-
nector also plays an important role.

Optimization may involve several variables. 
Understanding the EM fi eld orientation within 
a coaxial cable/connector can be useful, but 
the ground return path must also be consid-
ered as part of the propagating medium. It is 
often benefi cial to achieve smooth impedance 
transitions from one propagating medium to 
another. Knowing the capacitive and inductive 
reactances at impedance junctions can provide 

 Fig. 1  Signal launch from a coaxial 
cable and connector to a microstrip.
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launched microstrip 
circuit, where the 
body of the circuit 
is microstrip but 
the signal launch 
area is a grounded 
coplanar-waveguide 
(GCPW). Coplanar 
launched microstrip 
is advantageous be-
cause it minimizes 
the ground return 
path and has other 
benefi cial proper-
ties. When using 
a connector with 
ground pins on both 
sides of the sig-
nal conductor, the 
ground pin separa-
tion distance can 
have a signifi cant 
impact on perfor-
mance. It has been 
demonstrated that 
this distance im-
pacts the frequency 
response.1

In an experi-
ment with a coplanar 
launched microstrip 
on 10-mil-thick 
RO4350B lami-
nate from Rogers 

Corp., similar connectors are used, but 
with different ground spacings at their 
coplanar launch interfaces (see Figure 
3). Connector A has a ground separa-
tion of approximately 0.030", while 
Connector B has a ground separation 
of 0.064". The connectors launch onto 
the circuit the same in both cases.

The x-axis shows frequency, with 
each division representing 5 GHz. 
Performance is comparable at lower 
microwave frequencies (< 5 GHz), 
but above 15 GHz, performance of 
the circuit with wider ground sepa-
ration degrades. The connectors are 
similar, although there is a slight dif-
ference in pin diameters between the 
two models, Connector B has a larger 
pin diameter and is designed for use 
with a thicker PCB material. This may 
also have contributed to the perfor-
mance differences.

A simple and effective method for 
optimizing signal launch is to mini-

lengthy for a thick microstrip trans-
mission line. Using a PCB material 
with a relatively high dielectric con-
stant can exaggerate the problem by 
leading to a longer electrical length in 
the ground return path. Any lengthen-
ing of this path can result in frequen-
cy-dependent issues typically linked to 
a localized difference in phase velocity 
and capacitance. Both are related and 
affect the impedance in the transition 
area and cause differences in return 
loss. Ideally, the length of a ground re-
turn path should be minimized, with 
no impedance anomalies in the signal 
launch area. Note that the ground-
ing point of the connector in Figure 
2a is shown only on the bottom of the 
circuit. This is a worst-case scenario. 
Many RF connectors have grounding 
pins on the same layer as the signal. In 
that case, the PCB will have ground 
pads there, as well.

Figure 2b represents a coplanar 

insights into the expected behavior. 
When three-dimensional (3D) EM 
simulation is available, current-densi-
ty mapping can be used. In addition, 
best practices associated with radia-
tion loss can serve as guidelines.

Although the ground return path 
between a signal launch connector 
and a PCB may not appear to be an 
issue, the ground return path from 
the connector to the PCB are ideally 
continuous and uninterrupted; this 
may not always be the case. There is 
typically some small surface resistance 
between the metal of the connector 
and the PCB. There may also be small 
conductivity differences between the 
solder that joins the different parts 
and the metal of those parts. These 
small differences usually have minor 
effects at lower RF and microwave 
frequencies, but they can signifi cantly 
affect performance at higher frequen-
cies. The actual length of the ground 
return path can play a role in the qual-
ity of launch that is achieved with a 
given connector and PCB combina-
tion.

As Figure 2a illustrates, when EM 
energy transitions from a connector 
pin to the signal conductor of a mi-
crostrip PCB, the ground return path 
back to the connector housing can be 

 Fig. 2  Representation of a thick mi-
crostrip transmission line circuit and the 
lengthened ground return path back to the 
connector (a), a grounded coplanar launched 
microstrip circuit (b).
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 Fig. 3  Coplanar launch microstrip circuit tested with similar end 
launch coaxial connectors having different ground separations.
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increase the capacitance when they 
are close to the signal conductor. 
Frequency-dependent adjustments 
are often made through the combina-
tions of signal taper and ground plane 
spacing to modify the inductance and 
capacitance of the signal launch as re-
quired. In some cases, the coplanar 
spacing is wide over a certain distance 
of the taper, correlating to some band 
of lower frequencies. The spacing 
then narrows at a wider portion of the 
taper and over a short distance to af-
fect higher frequencies. In general, 
narrowing the conductor taper adds 
inductance. The length of the taper 
affects the frequency response. Al-
tering the adjacent coplanar ground 
spacing changes the capacitance and 
the distance of the adjacent spacing 
infl uences the frequency band over 
which the change in capacitance is 
most effective.

EXAMPLES
Figure 4 provides a simple ex-

ample. Figure 4a is a thick microstrip 
transmission line with a long and nar-
row taper. The taper is 0.018" (0.46 
mm) wide starting at the edge of the 
circuit and over a length of 0.110" 
(2.794 mm), it transitions to the 
width of a 50 � conductor, 0.064" 
(1.626 mm). The taper is reduced to 
shorter lengths in Figures 4b and c. 
Field-serviceable, pressure-contact, 
end-launch connectors are used and 

mize impedance mismatches in the 
signal launch area. A rise in the im-
pedance curve is basically due to an 
increase in inductance while a dip in 
the impedance curve is due to an in-
crease in capacitance. For the thick 
microstrip transmission line shown in 
Figure 2a (assuming a PCB material 
with a relatively low dielectric con-
stant of about 3.6), the conductor is 
relatively wide – much wider than the 
connector’s center conductor. With a 
large dimensional difference between 
the circuit’s conductor and the con-
nector’s conductor, there is a strong 
capacitive spike at the transition. This 
can often be reduced by tapering the 
circuit’s conductor to form a more 
narrow transition where it joins with 
the coaxial connector pin. Narrowing 
the PCB conductor makes it more in-
ductive (or less capacitive), offsetting 
the capacitive spike in the impedance 
curve.

Frequency-dependent effects must 
be considered. A taper occurring over 
a long distance provides a greater in-
ductive effect at lower frequencies 
than a shorter taper. For example, in 
the case of a signal launch with poor 
return loss at lower frequencies and 
having a capacitive impedance spike, 
a longer taper may be suitable. Con-
versely, a short taper has a greater ef-
fect on higher frequencies.

For a coplanar-launched geom-
etry, the adjacent ground planes can 

 Fig. 4  Performance of three microstrip 
circuits with different tapers;  the original 
design having a  long narrow taper (a), the 
taper length reduced (b), and the taper length 
reduced still further (c).

 Fig. 5  Performance that is further optimized.
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its recommendations (see Figure 5) yields performance 
superior to that of Figure 4. The most obvious improve-
ment is elimination of the inductive spike in the impedance 
curve, which is actually a mix of a slight inductive spike and 
a slight capacitive dip. Having the correct taper minimizes 
the inductive spike, while additional capacitance is provid-
ed by the coupling of the coplanar line adjacent grounds 
in the launch area. The insertion loss curve for Figure 5 
is smoother than shown in Figure 4c and the return loss 
curve is also improved. The example in Figure 4 will have a 
different outcome for a microstrip circuit on a PCB mate-
rial with higher dielectric constant, or different thickness, 
or using a different connector style. 

Signal launch is a complex issue and can be infl uenced 
by many different factors. This example and these guide-
lines are intended to assist designers in understanding 
some of the basic principles. ■

References
1.  Eric Holzman, Essentials of RF and Microwave Grounding, Artech 

House, Norwood, MA, 2006.
2.  Bill Rosas, “The Design and Test of Broadband Launches up to 50 

GHz on Thin and Thick Substrates,” Southwest Microwave Inc., 
Tempe, AZ, 2011, www.southwestmicrowave.com.

not soldered, so the same connector is used in each case. 
The microstrip transmission line is 2" (50.8 mm) in length 
and fabricated on a 30 mil (0.76 mm) thick RO4350B 
microwave circuit laminate, with a dielectric constant of 
3.66. In Figure 4a, the blue curve represents insertion loss 
(S21), with many ripples in the response. In contrast, S21 in 
Figure 4c has the least number of ripples. As these curves 
reveal, the trend is for improved performance with shorter 
taper.

Perhaps the most telling curves in Figure 4 show the 
impedance of the cables, connectors and circuit (the 
green curves). The large positive peak in Figure 4a rep-
resents the connector on the circuit attached to a cable 
at port 1. The peak on that same curve to the right is the 
connector at the other end of the circuit. The large im-
pedance peak is reduced with a reduction in taper length. 
The improvement of the impedance match in the signal 
launch areas is due to the taper becoming wider as it is 
shortened, the increase in taper width correlating with a 
reduced inductance.

An excellent reference on signal launch,2 which uses this 
same material and material thickness in its examples, offers 
some further insight into circuit dimensions in the signal 
launch area. A coplanar launched microstrip built with 
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Optimizing 
Cable Assemblies 
per Application 
Requirement
Wei Liu and Da Wenpen
MICable Inc., Fuzhou, Fujian, China

Cable assemblies are some of the most 
widely used components in military 
and commercial electronic systems. 

They are used as connections between compo-
nents within racks, subsystems, antenna feeds 
and various test platforms, among many oth-
ers.  Although a cable assembly looks like a very 
simple component, consisting of just coaxial 
cable and connectors, in many situations it can 
be the critical factor determining system per-
formance, reliability and cost. Developing the 

most suitable and effective cable assembly for a 
particular application with a reasonable cost can 
be a challenge to the system or subsystem de-
signer. Good communication between customer 
and vendor is necessary for the proper choice of 
cable, connector and assembly technique.

The designer/customer must fi rst be able 
to transfer the requirement and specifi cation 
for a cable assembly to the vendor/manufac-
turer. Cable and connector selections are the 
next steps, possibly with assistance from the 
manufacturer, to ensure that all requirements 
are met within cost and delivery constraints. 
In some situations, existing cable and connec-
tors are not suitable, and custom design may 
be necessary to meet the specifi cations. As-
sembly techniques must also be examined as 
they may dictate the use of alternative cable or 
connectors, due to manufacturing issues such 
as availability, time, cost or quality. Finally, test-
ing must be done at all stages to ensure that 
the assemblies meet electrical, environmental 
and reliability requirements. Figure 1 shows a 
typical development cycle for cable assemblies.

Customers often ask why some vendors 
make better cable assemblies than others, even 
though they use identical cable and connec-
tors. Experience and knowledge of proper as-
sembly techniques can be the answer. Modern 
electronic systems are expensive and complex 
and need to be dependable so cables should 
not be a source of any problems with proper 
selection of components and manufacturers. Fig. 1  Flowchart of cable assembly development.
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In the process of developing the 

example test cable assembly, the fol-
lowing steps were taken:
1.  Work with the cable manufacturer 

for special custom designed cables 
according to the requirements.

2.  Improve connector design to a 
more rugged and easily assembled 
confi guration, so the cable is well 
protected.

3.  Use a stronger connector strain re-
lease design so the life of the cable 
assembly can be extended and the 
assembly can have a shorter bend 
radius.

4.  Improve assembly techniques to 
counteract the differential expan-
sion coeffi cient of the dielectric 
and center conductor, for better 
mechanical reliability and electric 
performance.

5.  Develop a complete test method to 
check the performance as well as 
the long term reliability.
The example DC to 26.5 GHz 

test cable assembly uses a custom 
designed cable with 0.195" outer di-
ameter, soft and fl exible PVC jacket, 
solid PTFE dielectric and improved 
braid layer design. The rugged con-
nectors, special strain release design 
and improved assembly technique 
were used in the new cable assem-
bly. This process of cable assembly 
design and manufacturing produced 
a new cable that meets all of the re-
quirements. Listed in Table 2 is the 
test data of the new cable assembly 
and Figure 2 is a plot of the change 
in insertion loss and return loss over 
20,000 bend cycles showing little 
change over the entire frequency 
range to 26.5 GHz.

A good test cable assembly, there-
fore, needs to be ultra fl exible and 
amplitude/phase stable with a long life 
and low cost.

The fi rst step in developing a new 
product is making the decision about 
product requirements and specifi ca-
tions. For test cable assemblies, the 
most important specifi cation is phase 
and amplitude stability with fl exure. 
Table 1 lists the market specifi cations 
found in various published materials 
for test cables.

Considering that the new product 
should be competitive in the market, 
the cable assembly should have the 
following specifi cations:
1.  Equal or better than the best elec-

tric performance in the market, 
better than the specifi cations listed 
in Table 1.

2.  The cable should have a small bend-
ing radius and be very fl exible. For 
this example, it was decided to se-
lect 0.195" as the outer diameter of 
the cable and 1.95" radius mandrel 

instead of the Ta-
ble 1 2.25" radius 
as the test condi-
tion for phase and 
amplitude stabil-
ity.

3.  The  a s sembly 
should have bet-
ter reliability and 
longer life com-
pared to presen-
products in the 
market.

 4.  The assembly 
should have a 
competitive cost 
compared to 
present products 
in the market.

Below are two successful examples 
showing how cable assemblies were 
developed for a commercial and mili-
tary application.

DC TO 26.5 GHz TEST CABLE 
ASSEMBLIES

Test cable assemblies are among 
the most diffi cult to make of all cable 
assembly demands. In many produc-
tion situations, test cable assemblies 
are used multiple times daily and 
their performance and reliability will 
directly affect the customers’ product 
performance and cost.

Performance requirements that cus-
tomers expect for test cable assemblies:
1.  Very fl exible with small bending ra-

dius for convenient use
2.  Very small phase change versus 

fl exure
3.  Low amplitude/insertion loss change 

with movement and bending
4.  Consistent good performance over 

time and frequent use
5. Low cost

 Fig. 2  Insertion loss change (a) and return loss (b) measured over 
20,000 fl ex cycles (C041 cable, 1 m).

(a)

(b)

TABLE I
IDEAL SPECIFICATIONS FOR TEST CABLE ASSEMBLIES

Specifi cations Typical @
18 GHz

Max @
18 GHz

Typical @
26.5 GHz

Max @
26.5 GHz

Phase stability with 
fl exure (degrees)

±2 ±4.7 ±3 ±6.6

Amplitude stability with 
fl exure (dB)

±0.05 ±0.15 ±0.05 ±0.15

Note: the above assemblies are 36" long with the cable wrapped 360 degrees around a 2.25" 
radius mandrel.   

 Fig. 3  Phase stability (a) and amplitude 
stability (b) versus fl exure.
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phase matching specifi cations, with 
little phase change while bending, 
during vibration, and with temper-
ature fl uctuation.

3.  Phase matching requirements are 
needed for large quantities.
Airborne phased array system 

manufacturers state that their biggest 
problem is phase mismatching during 
rapid altitude change. Calibration will 
not correct this issue and cable assem-
bly manufacturers have had a hard 
time correcting this problem. In addi-
tion, phase tracking over temperature 
is an equally important specifi cation 
that the system engineers should re-
quire for the product. Many system 
engineers incorrectly emphasize the 
cable’s phase stability over tempera-
ture instead of phase tracking. A tight 
phase tracking specifi cation is the 
correct goal to achieve good phase 
matching over wide altitude and tem-
perature variations. Making good 
phase tracking cable assemblies is a 
big challenge, requiring strict consis-
tency in materials and manufacturing 
techniques.

Cable assembly manufacturers 
should have the following capabilities 
to properly address the problems in 
phased array systems:
1.  Helping the customer select the 

cable that is most suitable to the 
application.

PHASED ARRAY RADAR 
APPLICATION

Phased array radar has become an 
important product around the world 
but has inherent problems for cable 
assembly manufacturers. Large num-
bers of assemblies are needed with 
close phase matching, making the 
specifi cations diffi cult to consistently 
reproduce.

When system engineers select 
cable assemblies for phased array sys-
tems, the following requirements are 
needed:
1.  The cable needs to have low loss, 

high power capability and close tol-
erances.

2.  The cable must meet excellent 

Phase and amplitude stability plot-
ted in Figure 3 show that a 36" long 
cable has phase stability less than 
4° and 6° with the cable wrapped 
around a 1.95" radius mandrel at 18 
and 26.5 GHz, respectively, with am-
plitude stability of 0.03 dB max. The 
data shows that after up to 20,000 
bending cycles, the return and in-
sertion loss plus the phase and am-
plitude stability exhibit little change. 
The cable also shows good electrical 
performance with the same tests af-
ter 25 temperature cycles between 
-55° and +85°C (see Table 3). The 
bending machine used for exercising 
the cables is shown in Figure 4.

TABLE II
DATA FOR C041-01-01-1M CABLE ASSEMBLY DURING BENDING UP TO 24,000 TIMES

# of Bending 
Times

S11/S22 S12/S21 Insertion Loss 
Change*

Phase Change*

0 18.56/19.13 2.63/2.65 0.04 4.63º

1500 18.38/19.97 2.61/2.61 0.03 4.89º

3000 18.43/18.57 2.58/2.63 0.03 4.45º

4500 17.92/18.78 2.58/2.63 0.03 4.51º

6000 19.13/17.85 2.64/2.68 0.04 4.77º

7500 18.91/17.66 2.67/2.69 0.04 4.58º

9000 17.72/19.12 2.61/2.63 0.03 4.64º

10500 18.83/17.74 2.69/2.69 0.05 4.95º

12000 18.83/17.67 2.68/2.67 0.04 4.44º

13500 19.00/17.20 2.64/2.66 0.05 4.85º

15000 19.21/17.24 2.69/2.69 0.03 4.72º

16500 19.18/17.66 2.61/2.62 0.04 4.77º

18000 18.93/17.71 2.70/2.68 0.05 4.46º

19500 19.20/17.57 2.67/2.75 0.05 4.81º

21000 19.21/17.49 2.75/2.71 0.04 4.50º

22500 19.22/17.57 2.73/2.75 0.03 4.39º

24000 18.93/17.67 2.67/2.73 0.05 4.75º

* The above data is from a 36" long assembly with the cable wrapped 360° around a 1.95" radius 
mandrel.     

 Fig. 4  Bending machine for performing 
cable fl exure.

TABLE III
PERFORMANCE OF C04I-01-01-1M AFTER TEMPERATURE CYCLES 

(-55° TO +85°C, DC TO 26 GHz)

No. 1 Cable Assembly No. 2 Cable Assembly

Number of Cycles Insertion Loss 
(dB)

Return Loss 
(dB)

Insertion Loss 
(dB)

Return Loss 
(dB)

0 2.67 18.9 2.78 19.6

25 3.11 18.5 3.18 19.60
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dius: 51 mm), and phase stability vs. 
temperature of 500 ppm max. @ -40° 
to ~+85°C. Figure 6 shows the mea-
sured phase tracking plots for these 
cables’ phase tracking with a max. 
phase change inconsistency of 1.6° for 
every 5°C from -10° to 40°C for three 
different cable assemblies.

Figure 7 shows the test data for 
3 DC to 18 GHz cable assemblies 
(A04I-01-01-1M) with insertion loss of 
0.91 dB max., VSWR of 1.25:1, phase 
stability vs. fl exure: ±5.4° at 18 GHz 
(bend radius of 76 mm), phase stabil-
ity vs. temperature 250 ppm max. @ 
+22° ~+100°C, and power handling 
of 600 W at 10 GHz. Figure 8 shows 
the phase tracking data for (A04I-07-
07-1.5M) at 18 GHz with a max. phase 
change of 3.8° for every 5°C from -10° 
to 40° for three different cable assem-
blies.

Finally, bent phase matching and 
tracking semi-rigid cable assemblies 
were manufactured with a minimum 
bending radius of 6 mm with phase 
match �1° at 2.3 GHz, phase track-
ing �1° at 2.3 GHz. Manufacturing 
was able to deliver 1400 pieces in two 
weeks (see Figure 9). As the data 
shows, the temperature tracking per-
formance of the cable assemblies was 
tightly controlled. The cable assem-
blies have good consistency, proving 
the capability to offer good tempera-
ture tracking performance over vol-
ume production.

CONCLUSION
As the commercial and military mar-

kets demand higher performance and 
more reliable cable assemblies, a good 
combination of cable design and as-
sembly techniques are more important 
than ever before. The cable assembly 
designer/engineer must understand 
the customer’s application and know 
how to transfer the application demand 
to the requirement of the cable assem-
bly. The cable assembly manufacturer 
must then be able to source the proper 
components, assemble them with ad-
vanced techniques and equipment and 
be alert for changes to meet the speci-
fi cations and requirements of the proj-
ect. Good communication between all 
is absolutely necessary – good team-
work is a must. ■

2. Producing high 
p e r f o r m n c e 
phase matching 
and tracking ca-
ble assemblies, 
with the ability 
to produce large 
numbers of con-
sistent assem-
blies.

3. Strictly control-
ling the con-
sistency of the 
materials and 
manufacturing 

techniques so that the specifi ca-
tions of phase and amplitude can 
be met during variations in envi-
ronmental conditions.

A set of comprehensive methods 
was developed, including cable evalu-
ation, connector design, manufactur-
ing and assembling techniques, and 
inspection and testing procedures, 

in order to produce 
products that met 
this type of applica-
tion’s requirements. 
Cable was chosen 
from a well known 
supplier, QPL ap-
proved, that previ-
ous experience had 
shown high stan-
dards. Connectors 
were designed and 
tested thoroughly. 
To control quality 
and consistency, in-
spection after every 

process was emphasized and work-
ers trained to IPC J-STD-001 and 
IPC/WHMA-A-620 standards. Rapid 
phase correcting techniques were de-
veloped and computerized semi-rigid 
bending machines, fast and precise 
stripping equipment and PNA vector 
network analyzers were utilized. Qual-
ity management systems according to 
MIL-I-45208 and MIL-STD-2219 
were used, along with ISO 9001 and 
China GJB-9001B-2009 standards.

Figure 5 shows the test data for 
three phased array cable assemblies 
(B01-40-40-1M) from DC to 40 GHz 
with insertion loss of 2.97 dB max., 
VSWR of 1.23:1, phase stability vs. 
fl exure of ±8° at 40 GHz (bend ra-

 Fig. 7  A04I-01-01-1M test data from DC to 18 GHz.

 Fig. 5  B01-40-40-1M test data from DC to 40 GHz.

 Fig. 8  A04I-07-07-1.5M phase tracking 
versus temperature at 18 GHz.
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 Fig. 6  B01-40-40-1M phase tracking 
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 Fig. 9  Semi-rigid phase matching and 
tracking cable assembly.
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Reliable
Cable Assembly 
Performance Over Time

In today’s competitive electronics in-
dustries, reliability is essential for ap-
plications that use microwave/RF cable 

assemblies to ensure consistent, repeatable 
measurements and to maintain electrical per-
formance over time. Therefore, cable assem-
blies must be durable enough to withstand 
continuous movement, fl exing and exposure to 
environmental conditions while still maintain-
ing reliable electrical performance.

A recent study1 showed that globally more 
than 75 percent of microwave/RF cable assem-
blies are replaced frequently (see Figure 1). 
These assemblies were replaced for a variety of 
reasons, including damage during installation 
or use, poor quality construction, connector 

termination issues or failure when exposed to 
outdoor environmental conditions. However, 
the most common reason by far was damage 
during installation or use. The study found that 
overall, 36 percent were replaced once a year 
and 20 percent were replaced at least twice a 
year. As a result, equipment manufacturers are 
experiencing delays in production schedules, 
increased troubleshooting and maintenance, 
more frequent calibration, additional retesting, 
compromised system performance, and higher 
overall costs to purchase replacement assem-
blies.

In addition, the impact of replacing cable 
assemblies varied in different regions. The 
study showed that in the United States, 70 per-
cent of equipment manufacturers are replacing 
their cables frequently, with 35 percent being 
replaced at least once a year and 12 percent 
being replaced once a quarter. In Europe, 
49 percent of equipment manufacturers had 
to replace their cables once a year. However, 
the most signifi cant impact was in Asia Pacifi c 
with 32 percent of cables replaced once a year, 
21 percent replaced once a quarter, and 11 
percent replaced at least monthly. The study 
further indicated that the industry expects  Fig. 1  Summary of cable replacement study.1
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ownership should include installation, 
maintenance, manufacturing downtime 
and replacement cables. So, how much 
money can you really save by making 
purchasing decisions based solely on the 
initial price of a microwave/RF cable as-
sembly?

Based on this testing, one could 
spend more money and resources in 
replacing lower-cost cables that do 
not survive the test of time. Using a 
real-world example, assume a system 
requires four cables, and you are using 
cables that are replaced every 25 days. 
Over the ten-year life of the system, 
you will be purchasing approximately 
600 new cables. If the average cost 
of a cable is between $200 and $400, 
it will cost between $120,000 and 
$240,000 to replace the cables over 
10 years. However, if the cables used 
last more than seven years, then they 
would only need to be replaced once.

And these totals do not include 
the additional costs due to downtime, 
maintenance, recalibration and retest-
ing. In some industries, these addi-
tional costs can far exceed the direct 
purchase cost. For example, a chip 
manufacturer has estimated that its 
downtime costs can exceed $50,000 
per hour. Therefore, one should com-
plete a similar cost analysis to consid-
er the full impact of cable failure and 
replacement before selecting micro-
wave/RF cable assemblies.

SELECTING THE RIGHT CABLE
It is critical to select a cable manu-

facturer that understands the chal-
lenges of the application, because 
demanding environments can easily 
compromise a cable assembly’s signal 
integrity, reliability and performance 
over time. Therefore, it is important 
to evaluate the electrical, mechanical, 
and environmental challenges that 
will affect an assembly’s performance 
in the specifi c application. Some key 
things to consider when selecting mi-
crowave/RF cable assemblies include:
•  Reliable Performance — The 

user should consider electrical per-
formance fi rst because various fac-
tors can compromise signal integ-
rity, such as electromagnetic inter-
ference, crosstalk, attenuation and 
conductor resistance. Mechanical 

cluding GORE® PHASEFLEX® Mi-
crowave/RF Test Assemblies). While 
many cable assemblies perform well 
out-of-the-box (see Figure 2), the 
study wanted to evaluate how cables 
with similar specifi cations performed 
after repeated use, and whether their 
performance changed or remained 
stable.

When tested under the same cri-
teria, the results2 showed that the 
failure rate of cables across the indus-
try varied signifi cantly. For example, 

in an accelerated 
life test simulating 
real-world condi-
tions such as fl exure 
and handling, some 
cables failed in less 
than 25 days, but 
others continued to 
perform after seven 
years. The testing 
also showed that 
the internal con-
struction of some 
cable assemblies 
physically changed 
(i.e., stretched and 
distorted) after re-
peated use, which 
compromised their 
electrical perfor-
mance. However, 
others performed 
signifi cantly better 
over time without 
any physical chang-
es, which means 
that these cable as-
semblies maintained 
electrical integrity in 
environments where 
the others failed 
(see Figures 3 and 
4).

TOTAL COSTS 
OVER TIME

It is important 
to consider the cost 
implications when 
selecting the right 
cable, as the con-
sequences of cable 
failure and replace-
ment can be quite 
high. The total cost of 

microwave/RF cable assemblies to 
last a very long time — years rather 
than months, even lasting longer than 
the life of their system.

DURABILITY TESTING
W. L. Gore & Associates (Gore) 

evaluated the durability and perfor-
mance over time of several micro-
wave/RF cable assemblies typically 
used in the industry. The cable as-
semblies selected were described as 
having a ruggedized construction (in-

 Fig. 4  Cable assembly phase stability over time comparison.

 Fig. 2  Out-of-the-box cable assembly performance comparison at 
18 GHz.

 Fig. 3  Cable assembly phase stability with fl exure comparison at 
18 GHz.
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stress is also important to consider; 
factors such as vibration, frequent 
fl exing and potential damage dur-
ing installation and maintenance 
can physically change the cable 
and affect electrical integrity. The 
cables must also maintain reliable 
performance in environments in 
which they will operate, such as 
extreme temperatures, radiation, 
exposure to harsh chemicals, and 
even rapid altitude changes en-
countered during take-off and 
landing of an aircraft. The most im-
portant consideration is having the 
cable manufacturer evaluate elec-
trical performance while simulat-
ing mechanical and environmental 
stress similar to that in your appli-
cation.

•  Durable Construction — To re-
duce cable replacements, be sure 
to choose cables that withstand 
installation and handling, provide 
low insertion loss, ensure phase 
and amplitude stability, and main-
tain electrical and mechanical in-
tegrity during use. Materials used 
in microwave/RF cable assemblies 
are key to their electrical and me-
chanical performance. For exam-
ple, internally ruggedized cables 
that have a small bend radius and 
enhanced tensile strength are more 
fl exible and easier to route without 
damage. In addition, engineered 
fl uoropolymers can enhance the 
durability of microwave/RF cable 
assemblies in a variety of challeng-
ing environments as shown in Fig-
ure 5.

•  Application Specifi c Constraints — 
Cable assemblies should also be 
evaluated for the constraints with-

in your specifi c application, such as 
the need for small, lightweight ca-
bles that reduce mass and increase 
fuel effi ciency in the aerospace 
industry. In the test and measure-
ment market, portable analyzers 
are increasingly being used to facil-
itate testing out in the fi eld. These 
analyzers need microwave/RF ca-
ble assemblies that can withstand 
extreme environmental conditions, 
as well as frequent handling dur-
ing use. Cables that have a longer 
service life can reduce the need 
for maintenance and equipment 
downtime, resulting in lower costs 
for testing in laboratory, produc-
tion and fi eld test environments.
Having to replace cable assemblies 

frequently is costly. Not only does 
the overall purchasing cost increase, 
but companies can often experience 
a much greater impact from delayed 
production schedules, compromised 
system performance and additional 
retesting and calibration. The out-of-
the-box performance of microwave/
RF cable assemblies does not neces-
sarily ensure reliable performance 
over the lifetime of a system. Choos-
ing a cable assembly with a durable 
construction that has been tested to 
survive real-world conditions is the 
key to reducing replacement costs and 
the only way to ensure reliability over 
time. ■
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 Fig. 5  Example of durable cable construction.
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Passive 
Intermodulation 
Characteristics
Murat Eron
Wireless Telecom Group, Parsippany, NJ

T
he art and science of radio hardware 
design has been to some degree about 
minimizing, avoiding and, if possible, 

altogether eliminating unwanted spurious sig-
nals that fi nd their way into the receive path of a 
radio. Typical sources of such signals are usually 
the multitude of two or more terminal devices 
that contain active semiconductor junctions 
such as diodes, transistors and ICs made up of 
them. These junctions with their nonlinear cur-
rent voltage characteristics can be a rich source 
of harmonics and various intermodulation prod-
ucts, especially if more than one signal is pres-
ent across them. Though magnetic materials 
commonly encountered in electronic circuits of 
most kinds are also a potential source of such 
nonlinearities, these components are usually 
used in blocking low level, low frequency ripples 
and occasional spikes in voltage or current and 
rarely interfere with communication signals un-
less poorly designed and selected.

One exception is the RF ferrites in the form 
of isolators and circulators. Such components, 

usually preceded by amplifi ers, will gener-
ate and contribute to the harmonic and inter-
modulation content present in the outputs of 
such circuits. In a typical telecommunication 
system, such unwanted spurious signals will 
be eliminated and blocked before they have a 
chance to leak back into the receiver. Volumi-
nous standards exist to ensure that such inter-
ferers are always well controlled and contained. 
Most RF engineers are usually well aware of 
these issues. These effects can be modeled and 
the theory behind them is well understood, so 
such nonlinear signal products can be analyzed 
and managed relatively easily.

There is another type of signal distortion that 
has become a great concern in wireless applica-
tions recently and that is passive intermodula-
tion (PIM). This is the kind of intermodulation 
that is generated by passive components and in-
terfaces. It is counterintuitive for most engineers 
and designers that totally passive components 
can produce intermodulation products, but they 
do and can degrade operation of advanced wire-
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PIM altogether but it is critical that it 
stays below a certain level at locations 
where it may impact the receiver sen-
sitivity.

WHAT IS THE PROBLEM?
The detrimental nature of PIM to 

radio reception has been well known 
for a long time by radar and satellite 
earth station engineers due to the 
shared antenna apertures for very 
strong transmit and very weak receive 
signals (see Figure 1). This also ex-
plains why PIM is typically a concern 
for infrastructure equipment and not 
for the user equipment.

At the point or points of PIM gen-
eration along a transmit chain, the 
generated intermodulation products 
and energy will travel in both forward 
and reverse directions. If there is a 
path back to the receiver and if PIM 
has components in the passband of 
the receive chain (see Figure 2), then 
some of this energy will be mixed in 
with the actual receive signal as ex-
cess noise, as shown in Figure 3. In 
essence, PIM is always present in any 
RF system but the degree of it and 
where it ends up is the concern for 
good radio operation.

scopic level, the ac-
tual process of PIM 
generation is still 
poorly understood. 
We know, for exam-
ple, that poor con-
tacts are the most 
common source of 
PIM. Poor contact 
may mean connec-
tors not torqued 
to proper limits or 
poor quality of mat-
ing surfaces which 
may be the result of 
poor surface fi nish 
as well as presence 
of any contaminants 
such as fl ux, oxida-
tion or loose par-
ticles. These result 
in mildly nonlinear 
contacts as opposed 
to clean ohmic ones. 
Dissimilar metals in 
contact may create 
diode-like effects 
also. Ferromagnetic 
material or coatings 

as well as certain types of PCB de-
signs, metallization schemes and cer-
tain dielectric materials and coatings 
can generate PIM too.

Electro-thermal effects can cause 
PIM as well. Electro-thermal conduc-
tivity modulation in resonant struc-
tures like fi lters and antennas is very 
different in nature than other types 
of PIM since there are no dissimilar 
metals or even junctions or contacts 
involved.

When the antennas are also part 
of the consideration, then “external” 
PIM that is produced and introduced 
beyond the transmit antenna when 
single or multiple antennas refl ect 
strong signals from nearby metallic 
structures is also a possibility. This is 
true for both indoor and outdoor in-
stallations.

As can be surmised from above, 
there are a wide variety of causes for 
PIM, from basic component design to 
quality of assembly and installation, 
and all will exist and contribute to 
total PIM at some level. It is impor-
tant to realize that it may be unnec-
essary or even impossible to eliminate 

less services and even block radio links 
altogether if not controlled and man-
aged properly.

WHAT CAUSES PIM?
It is important to understand that 

typically there is no single and unique 
source of PIM and this is a general 
term for a whole category of inter-
modulation phenomena caused by 
passive elements in the path of an RF 
signal. It is also true that at the micro-

 Fig. 1  Shared apertures with multiple carriers can cause PIM 
to appear in the receiver of a duplex system (a) and external PIM 
generated beyond the antenna, either in combination with another 
transmitter or by refl ection of the mixed transmit signal of the same 
transmitter by a nearby PIM generating object/obstacle (b).
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The problem is 

our trusted non-
linear analysis and 
methods would be 
of little use in pre-
dicting typical PIM 
amplitudes. The 
sources of nonlin-
earities that cause 
PIM are not the 
s e m i c o n d u c t o r 
junction types we 
are more familiar 
with as previously 
discussed. Sources 
of nonlinearity may 

be a poor interface and ohmic contact. 
Current fl ow through such surfaces 
may involve tunneling type conduc-
tion. This is a very mild type of non-
linearity, closer to ohmic than a usual 
semiconductor junction (see Figure 
7). There may be millions of such 
contacts in parallel with true ohmic 
contact points present in two contact-
ing surfaces, thus creating a collective 
nonlinearity that is highly dependent 
on pressure, temperature, signal am-
plitude itself and maybe even time. It 
would be hard to expect such a system 
to follow a single power law. Note that 
the mechanism is not one of saturation 
either. To make matters worse, while 
some PIM sources are point sources, 
well localized, some are distributed. 
Various orders also add and cancel as a 
function of frequency and tone/carrier 
separation. Consequently, one cannot 
and should not make extrapolations 
that are typically made with better 
behaved nonlinearities, such as quan-
tifying the nonlinearity and PIM by an 
IP3 of the system. Due to combined 
effects described above, it is not very 
unusual to observe 5th or 7th order 
PIM to have a higher observed power 
level than 3rd for example.

Data clearly indicates that PIM 
rarely follows the typical odd-order 
power law. For each dB increase in 
incident RF (tone) power, one rarely 
observes a 3 dB increase, or a 3:1 slope 
for IMD3, which nominally would be 
the strongest component (see Figure 
8). More commonly, the observed 
slope lies somewhere between 1.5:1 
to 2.7:1. It is also likely to be very fre-
quency dependent. So, IP3 turns out 

Consequently, any PIM in the re-
ceive band that will raise the noise 
fl oor, especially in a 4G receiver, and 
will be detrimental to receiver opera-
tion and achievable data rates. Note 
that not all PIM, even high levels, 
presents a problem for the receiver 
if it is blocked or out of the band of 
operation, as shown in Figure 5. It is 
also possible for a single broadband 
carrier to generate its own PIM due 
to self-mixing without a second carrier 
present (see Figure 6).

PIM CHARACTERISTICS
The very presence of PIM points 

to a nonlinearity in the signal path, of 
course. Thus we have to reach in our 
tool box of nonlinear analysis to un-
derstand, quantify and, most impor-
tantly, specify acceptable PIM levels 
in a system and for individual compo-
nents used. Similarities to other types 
of nonlinearities, that we are all so 
familiar with in the RF world, can be 
misleading if relied on beyond the ba-
sics. Where the nonlinear theory is very 
precise and helpful is identifying where 
to expect the PIM signals to appear 
given the presence of the interacting 
high power signals/carriers. Regardless 
of the type and source of nonlinearity 
present, there will be odd- and even-
order intermodulation products when 
anything other than a single CW tone 
is forced into the system. Thus we can 
precisely determine where the PIM 
will appear given a knowledge of the 
carrier frequencies. In a typical tele-
communication application, it would 
be the third and other odd-order prod-
ucts that would be of interest.

Use of an increasing variety of wire-
less bands and the need to share anten-
nas to minimize non-recurring as well 
as recurring cost of wireless antenna 
installations, not to mention esthetic 
concerns, have exasperated PIM-re-
lated problems in recent years. In ad-
dition to shared antenna and other in-
frastructures, proliferating in-building 
wireless (IBW) systems, mainly distrib-
uted antenna systems (DAS), which 
also combine and consolidate high 
power macro base stations, small cells 
or repeaters create more opportunities 
for PIM problems. Also contributing to 
the problem are the higher data rates 
and the complex modulation schemes 
that enable them. High data rates are 
achieved only under good SNR condi-
tions, where either the desired signal 
is strong with respect to all other noise 
and interference, or such noise is very 
small (see Figure 4). So while cover-
age is critical, good signal quality is just 
as critical now.

 Fig. 5  Many times the IM products 
generated will not fall into the Rx band, or 
those that do will have very high orders and 
negligible power.
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if the PIM of specifi c interest is 5th or 
7th order and one tries to apply text-
book power laws. Then the require-
ment exceeds what is physically mea-
surable. In Figure 8b, when reduc-
ing power down to 1 W per tone for 
example, the actual IM5 measured 
is about 25 dB higher than what a 
simple 5:1 extrapolation would pre-
dict. It is possible to lower PIM for 
a component to such low levels by 
careful design, numerous iterations 
and very well controlled manufactur-
ing process, but it is unlikely to ob-
tain a reasonable yield for commer-
cial applications, in addition to being 
unnecessary for proper system opera-
tion. So there is an obvious need to 
rethink the PIM specifi cations as the 
base stations get smaller and power 
outputs get lower.

Some of the confusion can directly 
be traced to the convention of specify-
ing PIM as a relative measure in dBc 
rather than an absolute. This has be-
come a defacto standard method of 
PIM measure. In reality and practice, 
a radio receiver responds to power, 
not dBc. Sensitivity of the radio does 
not typically change with PIM or other 
low-level interference. Since in prac-
tice, power levels impinging on an ap-
erture may vary from system to system 
or for different installations, one could, 
in theory, adjust the required dBc val-
ue based on 2 × 20 W measurement 
and establish the requirement appro-
priate for the actual power levels. This 
would be straightforward only if PIM 
behaved according to a known power 
law. It does not, as shown in Figure 
8. So while higher power level com-
ponents and systems are tested with 
a standard level of 20 W tones, which 
is likely to be a good fi gure of merit, 
lower power system specs still remain 
open to interpretation and requires 
better knowledge of specifi c operat-
ing conditions and receiver sensitivity 
requirements. Otherwise, trying to ex-
trapolate from 2 × 20 W tests to lower 
power levels, without considering the 
actual absolute power levels involved 
and required, will result in unrealistic 
component and subsystem require-
ments which will drive the costs up 
and yields down. ■

est we have to a standard is the IEC 
62037-1 and -4 that specify the condi-
tions for testing PIM and specifi cally 
in cables and connectors. These docu-
ments “recommend” the use of 2 × 
20 W CW tones leaving the choice of 
frequencies and separation to the user 
per the needs of the system in use. 
These standards make no mention 
of the allowed maximum PIM level 
either. Again this is left to the discre-
tion of the system designer or main-
tenance engineering since depending 
on the application and location, the 
requirements may vastly vary.

Meanwhile industry has devel-
oped ad hoc specifications for PIM, 
mostly based on field tests and trial 
and error. A maximum PIM level 
of –110 dBm in the receive band 
is usually what is desirable in many 
cases, especially when BTS inter-
faces are involved. Many compo-
nent vendors aim for –118 dBm or 
better depending on the type of 
component. Given the standard test 
level of 43 dBm per tone (CW), this 
corresponds to a –153 dBc of PIM 
level. Note that it may be hard to 
relate this analytically to an ideal 
state-of-the-art receive sensitivity 
of around –120 dBm since these are 
defined for specific bandwidths and 
for CDMA/OFDM type signals that 
resemble anything but CW.

One of the drawbacks of a fi xed 
power testing per IEC is its unsuit-
ability to lower power applications. 
Designing and manufacturing a pas-
sive component or assembly for a 2 × 
20 W test when, let’s say, the applica-
tion is only 2 W, results in a costly and 
heavier solution than required. In the 
absence of a standard and accepted 
guideline, some users are inclined to 
stick with the 2 × 20 W test require-
ment which results in signifi cant cost 
increase for the product. Even when 
the test requirement is pulled back to 
2 × 2 W for example, the false expec-
tation is for the PIM performance to 
be 30 dB better, around –140 dBm 
based on traditional IP3 analysis. 
This level is about –173 dBc from the 
test tone, the reliable measurement 
limit of many of the state of the art 
test instruments. It gets even worse 

to be a rather meaningless parameter 
in quantifying and specifying PIM. 
Similarly, one should not expect PIM 
to decrease by 30 dB (IMD3 com-
ponent) because the RF excitation is 
10 dB lower and vice versa. It rarely 
works that way in practice. The same 
applies to higher orders too, as seen in 
Figure 8b.

AVOIDING PIM
The best method of assuring good 

PIM performance is to obviously start 
with guaranteed low-PIM compo-
nents in the fi rst place. Second, try to 
specify PIM as close to working con-
ditions and power as possible to avoid 
needlessly expensive solutions. Given 
the infi nite variety of conditions these 
components, subsystems and systems 
are used in, it is diffi cult to make up an 
all-encompassing standard. The clos-

 Fig. 8  IM3 vs. power for two different de-
vices compared with ideal at 1900 MHz (a), 
IM5s do not follow 5:1 slope either (b) and 
typical PIM IM3 rises 1.5-2.5:1 (c) (most set- 
ups are limited to near –140 dBm measure-
ment by noise fl oor).

–65
–75
–85
–95

–105
–115
–125
–135
–145

–65
–75
–85
–95

–105
–115
–125
–135

–80

–100

–120

–140

–160

20 25 30 35 40 45
POWER (dBm/Tone)(a)

(b)

(c)

1900 MHz PIM

700 MHz PIM

700 MHz PIM

20 25 30 35 40 45
POWER (dBm/Tone)

20 25 30 35 40 45
POWER (dBm/Tone)

IM3-Resistive
IM3-PIM Source 1
IM3-PIM Source 2
Ideal IM3

IM5-PIM Source 2
Ideal IM5
IM5-PIM Source 1

IM3-Resistive
IM3-PIM Source 2
Ideal IM3

IM
3 

(d
B

m
)

IM
3 

(d
B

m
)

IM
5 

(d
B

m
)

_3M37S FINAL.indd   38 2/26/14   8:13 AM



R F . M i c r o w a v e  C o a x i a l  C o n n e c t o r

&  C a b l e  A s s e m b l y

w h y  C A N  N O T  m i s s  u s

I D E A L  f o r  V N A

MWJFONTLYNK0314.indd   39 2/24/14   3:08 PM

http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S39&exitLink=http%3A%2F%2Fwww.frontlynk.com
http://www.mwjournal-digital.com/mwjournal/201403/TrackLink.action?pageName=S39&exitLink=mailto%3Ainfo%40frontlynk.com


Cables and Connectors Supplement
Cables and Connectors Supplement Cables and Connectors Supplement

40  CABLES & CONNECTORS SUPPLEMENT ■ MARCH 2014

Cables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors SupplementCables and Connectors Supplement Cables and Connectors Supplement

Compact and 
Reliable 
4.3-10 Connector
HUBER+SUHNER AG
Herisau, Switzerland

T
he choice between classical interfaces 
such as 7/16, N or 4.1/9.5 connectors 
and the new 4.3-10 interface can make 

a signifi cant impact on how a particular net-
work will perform. There are several consid-
erations to make when choosing a connector, 
including the network design and the choice of 
the mobile telecommunications system used.

Because Long Term Evolution (LTE) net-
works feature an increased mobile data rate 
of 100 Mb/s, this higher transmission rate 
will expose PIM vulnerabilities in today’s net-
works with frequency division duplexing. 4G 
networks require superior network transmis-
sion fi delity, higher than previous generations. 
Network operators also face the challenge of 
maintaining customer loyalty in an unforgiving 
competitive arena. As such, good network PIM 
performance and PIM testing are now impera-
tive. Indeed, the 4.3-10 connector satisfi es the 
requirement of very low PIM performance and 
compactness, fi tting into a 1" (25.4 mm) fl ange 
and being up to 60 percent lighter than some 
RF interfaces.

FEATURES AND BENEFITS
A key feature of this connector is the separa-

tion of the electrical from the mechanical plane. 
This implies another way of contacting the outer 
contact. The front contact force that is needed 

for interfaces like 7/16, N or 4.1/9.5 is not need-
ed for the 4.3-10. That is because the contact 
is realized radially, which requires a lower force 
for the maximization of the contact points.

The decoupling of the electrical from the 
mechanical plane means there is no need for 
a high torque value to achieve high electri-
cal performances. Besides the screw version, 
the design can offer a hand-screw solution 
or a push pull design because of this feature. 
The coupling mechanism does not infl uence 
the PIM or return loss performance and all 
the three confi gurations – screw, hand-screw 
or push pull connectors (shown in Figure 1) 
perform the same. For better handling during 
installation, the hand-screw or push pull ver-
sions make it possible to rotate the cable and 
still have a secure connection.

The 4.3-10 connector interface is character-
ized by protected contact surfaces, thus mak-
ing the connector more robust and even if not 
handled with the greatest care, it is possible to 
have optimal PIM performance. All three cou-
pling mechanisms can meet the same universal 
jack (female), giving absolute fl exibility to the 
end user to install the plugs (male) in the most 
convenient way. For those customers who pre-
fer tool-less solutions, the hand-screw or push 
pull connectors are the best choice. The instal-
lation is very simple and intuitive and is espe-
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cially suitable for multiple installations 
in very tight spaces.

As mentioned, the dimensions of 
the 4.3-10 connector enable the cou-
pling to fi t in a 1" fl ange, thus offering 
the opportunity to design high density 
modules. Also, the fact that the hand-
screw and push pull type require no 
torque wrench renders possible the 
option to reduce the pitch itself to 
1". Since only low or no torque is re-
quired, the board panel can be de-
signed to be lighter and thinner.

Cables and Connectors Supplement
APPLICATIONS

Due to its properties, the 4.3-10 
connector is suitable for numerous 
applications. For instance, in new 
base stations, the 4.3-10 can be used 
for interconnections in the remote 
radio head as well as an interface on 
the antenna and on the jumpers. The 
connectors can be used in multi-op-
erator, multiband distributed antenna 
systems (DAS) where RF signals have 
to be combined, terminated or distrib-
uted to the antenna, as well as in small 
cell applications where it is particular-
ly suitable for meeting the challenging 
space restrictions and electrical per-
formance requirements.

With wireless data use increasing 
rapidly, network infrastructure, both 
in-building and outdoors, must sup-
port good coverage and bandwidth 
in order to handle and transport such 
large amounts of data. Also, signals 
of different wireless operators with 

 Fig. 1  The 4.3-10 connector is available 
in hand-screw, screw and push pull versions.

different frequencies have to be ac-
commodated and re-distributed to 
provide the best coverage without 
mutual interference. Therefore, sig-
nal quality and reliability is becom-
ing a feature of differentiation for 
operators.

With today’s requirements for RF 
connectors such as compactness, ro-
bustness, easy installation and very 
reliable electrical performance, the 
4.3-10 connector, with its excellent 
electrical performance independent 
of the torque applied, innovative and 
multiple coupling mechanism and 
compactness, provides signifi cant 
customer benefi ts and therefore com-
petitive advantages in communication 
systems.

HUBER+SUHNER AG, 
Herisau, Switzerland, 
+41 71 353-4111, 
www.hubersuhner.com.
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HIGH FREQUENCY DEMANDS HIGHER QUALITY 

800.742.3191  •  EUROPE: 44.1582.650263  •  WWW.PICWIRE.COM/MWJ

C

SOLID SILVER-PLATED
COPPER CENTER 
CONDUCTOR
Low Loss, Especially 
at GHz Frequencies;
Superior Solderability

EXPANDED TEFLON® DIELECTRIC
Lighter, Smaller, Tighter Bend 
Radius than Solid Extruded Types

200°C FEP JACKET
Superior Flame, Fluid & Abrasion
Resistance, Low Smoke & Toxicity

LABEL PROTECTION
Transparent Heat-Shrink

CRYSTAL-CLEAR LABELING
To Your Specs

MULTI-LAYER SHIELDING 
CONSTRUCTION
Protection Against 
EMI & HIRF

Engineered and manufactured to meet the most stringent electrical 
and mechanical criteria, PIC Wire & Cable’s MicroMATES® line of 
cables and connectors is advancing interconnect technology for 
Ku and X Band assemblies required in electronic applications for 
aircraft, helicopters, ground vehicles and more.
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The Next 
Generation in 
High Power RF 
Transmission
TRU Corp.
Peabody, MA

TRU Corp. has introduced the latest 
innovation in high power connector 
design with the MEIA™ series inter-

face. MEIA connectors and cable assemblies 
provide an innovative solution to common is-
sues experienced in coaxial high power RF 

transmission. Higher power applications ex-
ceeding 5 kW begin to eliminate practical use 
of standard 7-16 and LC connector interfaces 
that do not have the required power handling 
or design margin in frequencies above 100 to 
200 MHz. MEIA-1625 will handle approxi-
mately three times more power than a 7-16 in-
terface and two times greater than an LC, up to 
an operating frequency of 3 GHz (see Figure 
1). Traditionally, engineers have turned to EIA 
7/8 or EIA 1-5/8 connectors to handle these 
high power requirements but were faced with 
a set of different challenges regarding size, 
weight and the diffi culty of hand fastening the 
fl anged interface with bolts and nuts.

The MEIA interface provides equivalent 
kW power handling compared to similar EIA 
connector line sizes but provides a 30 percent 
smaller and 40 percent lighter form factor with 
a high effi ciency, threaded coupling mecha-
nism as shown in Figure 2. This threaded cou-

 Fig. 1  Power handling of MEIA-1625 (blue) and 
MEIA-875 (red) connectors (interface only, 25ºC, sea 
level, matched load).
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MESA MICROWAVE
C O R P O R A T I O N

YOUR REL IABLE  RF  &  MW SOURCE

Mesa Microwave has been manufacturing 

connectors, cable assemblies and components 

for the RF and Microwave industry since 1995. 

Commercial & Military Applications
CONNECTORS & CABLES FROM DC TO 110 GHz 

1 MM, K, 2.92,SMA,N,BNC,TNC
•

POWER DIVIDERS, COUPLERS, AMPLIF IERS, ISOLATORS,  
CIRCULATORS AND SWITCHES FROM DC TO 40 GHz

The Source for Standard & Custom Designs for Unique Applications

Mesa Microwave sales@mesamicrowave.com 
480-890-1612 www.mesamicrowave.com  
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The company’s experienced technical 
staff is available to personally answer 
application questions.

TRU Corp., 
Peabody, MA, 
sales@trucorporation.com,
www.trucorporation.com.

available to allow transformation of 
existing EIA connections to the more 
effi cient MEIA interface coupling.

TRU Corp.’s long heritage in high 
power design has made it a premier 
supplier in high power markets in-
cluding critical safety applications in 
the industrial equipment segment. 

pling eliminates the issues inherently 
found in mechanically aligning and 
fastening a fl anged EIA interface with 
individual bolts. MEIA offers greater 
ease of installation and coupling while 
providing superior power handling 
characteristics.

Operating over the frequency of DC 
to 3 GHz, the MEIA connectors have 
a voltage rating of 5100 V rms and di-
electric withstanding voltage of 10400 V 
rms. The connectors offer a durability of 
500 cycles minimum and meet various 
environmental testing standards.

 The MEIA series is available with 
TRU Corp.’s fl exible TRU-560 and 
TRU-500 coax cables to create an un-
matched combination of high power 
and fl exibility to suit your challeng-
ing applications. MEIA series high 
power panel mount receptacles can 
be designed with a variety of back-
end launch geometries to optimize 
your equipment for performance and 
safety. MEIA to EIA adapters are 

 Fig. 2  MEIA-1625 is 30% smaller and 
40% lighter than the comparable EIA 1-5/8 
(a) and has a shorter form factor and more 
effi cient threaded coupling than the EIA 
1-5/8 (b).
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box right-angle connectors are often 
associated with poor VSWR perfor-
mance, particularly at frequencies 
approaching 18 GHz. This is because 
many box right-angle designs employ 
a bifurcated (two-part) internal con-
tact. While the bifurcated confi gura-
tion allows for easy assembly and low 
cost, its shape does not lend itself to 
good internal impedance control or to 
a robust solder connection. 

W. L. Gore & Associates Inc., 
Landenberg, PA, 
www.gore.com/zqaconnector.

Spacefl ight Cable 
Assemblies and 
Connectors

W
. L. Gore & Associates has 
introduced a line of GORE® 
Spacefl ight Microwave/RF 

Assemblies that have been optimized 
for Ka-Band uplink and downlink satel-
lite applications. The durable construc-
tion of the Type 5G Series provides good 
shielding effectiveness and ensures reli-
able signal integrity with good insertion 
loss and return loss performance up to 
32 GHz. They have been qualifi ed for 
spacefl ight applications in three sepa-
rate phases – integration, launch and 
in-orbit – to ensure consistently reliable 
performance for the duration of the 
mission.

The assemblies can be terminated 
with either 2.92 mm straight-pin con-
nectors (ZMQ) or 2.92 mm right-
angle pin connectors (ZQA). These 
connectors withstand the harsh envi-
ronment experienced during satellite 
launch and orbit without compromis-
ing signal performance. Additionally, 
the low-profi le of these connectors 
will increase fl exibility during the lay-
out process of satellite design.

The ZQA connector features a 
non-bifurcated swept contact de-
sign for use with low-loss microwave 
coaxial cable qualifi ed for 32 GHz 
spacefl ight applications. Traditional 

high-volume test applications.
The DCA-TDR solution achieves a 

signifi cant breakthrough for accuracy 
and ease-of-use with its support for 
electronic calibration (ECal) modules, 
leveraging an advanced calibration 
technique originally developed for vec-
tor network analyzers and recognized 
as the “gold standard” in S-parame-
ter measurements. A special Agilent 
N4694A DC-67 GHz ECal module 
was developed for the DCA-TDR to 
let users calibrate and de-skew chan-
nels and TDR modules quickly. 

Agilent Technologies Inc., 
Santa Clara, CA, 
www.agilent.com/fi nd/N1055A.

TDR/TDT Solution 
with Electronic 
Calibration

A
gilent Technologies Inc. 
has introduced the Agi-
lent N1055A 35/50 GHz (8 

ps) time-domain refl ectometry and 
transmission module for the Agi-
lent 86100D DCA-X platform. The 
86100D DCA-X oscilloscope main-
frame can be confi gured with one 
to four N1055A TDR/TDT plug-in 
modules to provide a 2- to 16-channel 
TDR/TDT measurement system that 
is both economical and accurate. 

The 2/4 port TDR/TDT remote 
heads can be confi gured with a sampler 
bandwidth of 35 or 50 GHz, providing 
single-ended and differential measure-
ment capability, including True-Mode 
stimulus functionality. With TDR step 
edge speeds as fast as 8 ps and receiv-

er bandwidths of 50 GHz, the DCA-
TDR solution resolves the magnitude 
and location of impedance disconti-
nuities with unmatched performance.

With Agilent 86100D Option 202 
enhanced impedance and S-param-
eter analysis software, scattering pa-
rameters (S-parameters) are generat-
ed in real time within the oscilloscope 
and simultaneously displayed with 
time domain results. The N1055A’s 
fast rise time enables calibrated S-
parameter measurements to 50 GHz 
and above. The high-channel-count 
capability of the DCA-TDR solution 
also helps to minimize cable recon-
nections and facilitate more effi cient 
near-end crosstalk and far-end cross-
talk measurements in both R&D and 
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Beijing International

Convention Center
Beijing, China

2014

REGISTER TODAY!
www.EDICONCHINA.com

Keynote Talks Featuring: 

•  EDI CON 2014 Chairman Emeritus, Professor Dr. Song Junde, BUPT
 China’s Six Major Applications Driving Communications 

• Dr. Keming Feng, General Director, Beijing Institute of Radio Metrology and Measurements 
 Research in Commercial RADAR Systems for Detection of Undergound Objects  

• Dr. Erping Li, Chair Professor and Director of RF and Nanoelectronics Research Institute   
 Zhejiang University, Electrical Design Challenges of TSV Based 3D Integrated Circuits and Systems   

• Mario Narduzzi, Marketing Manager, Agilent Technologies 
 Key Insights into Next Generation Wireless High-Frequency Test

• Corbett Rowell, R&D Director, China Mobile Research Institute
 5G Green Radio Challenges and Opportunities

• James Kimery, National Instruments, Director of Marketing
 5G Green Radio Challenges and Opportunities  

• Deng Jie, Director of Marketing, ZTE Microwave Products Group 
 Mobile Backhaul Radio Ecosystem

• Josef Wolf, Director of Spectrum/Network ANA and EMC, Rohde & Schwarz  
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Panel Sessions
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Flexible Cables Offer 
Replacement for Semi-Rigid

SpectrumFlex is a fl exible cable 
that can be terminated with 
any standard semi-rigid cable 

connector. There are three versions 
available: Series 47F, which is a re-
placement for 0.047" semi-rigid cable, 
Series 89F that can replace 0.085" 
semi-rigid cable, and Series 169F, 
which is a replacement for 0.141" 
semi-rigid cable.

SpectrumFlex 47F and 89F are 
miniature assemblies with 0.055" (1.40 
mm) and 0.096" (2.44 mm) diameters, 
durable construction and low profi les 

The SpectrumFlex 47F comprises 
a solid silver-plated copper-clad steel 
center conductor, solid PTFE dielectric, 
high coverage, silver-plated copper rib-
bon braid, high coverage, silver-plated 
stainless steel braid and extruded FEP 
jacket. Both the SpectrumFlex 89F 
and the 169F are made up of the same 
center conductor and dielectric, heli-
cally wrapped silver-plated copper foil 
shield, high coverage, silver-plated high 
strength alloy braid and extruded FEP 
jacket. The robust construction of all 
three versions ensures high compression 
resistance and durability and eliminates 
cable breakage associated with repeated 
bending and handling.
Spectrum Elektrotechnik GmbH, 
Munich, Germany 
+49 89 3548040, 
www.spectrum-et.org.

in SMA confi guration. They offer ex-
cellent electrical performance in a 
trouble-free, compact assembly. They 
are especially suitable for situations 
where: the development of compli-
cated semi-rigid cable drawings is pro-
hibitive from a time or cost perspec-
tive; the installation of other miniature 
cable assemblies has caused expensive 
or hard-to-fi nd failures; high density 
devices require stable, miniature cable 
assemblies for connection during test; 
and the cost of SMA right-angle con-
nectors may be prohibitive.

Combining fl exibility and durability 
with a larger diameter – 0.160" (4.06 
mm) SpectrumFlex 169F maintains 
excellent electrical characteristics and 
performance through multiple fl exures 
and offers a high strength replacement 
for RG 402 semi-rigid cable.

All-Purpose 
Test & Measurement Cables

Maury Microwave’s Utility 
series sets a new stan-
dard for high-end all-

purpose test and measurement cable 
assemblies. Designed for general 
testing applications, Utility offers ex-
cellent value with its low cost, low 
insertion loss, excellent return loss, 
fl exibility, and amplitude and phase 
stability. Typical insertion loss is 0.64 
dB/ft (cable only), VSWR maximum 
of 1.30 (up to 18 GHz, Type N con-
nector) and 1.25 (up to 20 GHz, SMA 
connector), typical phase stability 
versus bending of ±3.0° and typical 
amplitude stability versus bending of 

±0.015 dB. Utility is the ideal inter-
connection for reliable and repeat-
able measurements when mated with 
test instruments, including bench-top 
testing, on-wafer characterization and 
ATE systems.

Utility cable assemblies are now 
part of the ColorConnect family. 
Following the proposed IEEE high 
frequency connector/adapter color 
convention, Utility cable assemblies 
are among the fi rst commercially 
available assemblies to offer clear 
indications of compatibility and in-
termatability. ColorConnect makes it 
a simple matter to avoid and elimi-

nate damaged equipment, degraded 
equipment reliability, degraded per-
formance and lengthy maintenance 
times due to improper mating (and 
attempted mating) of incompatible 
interconnects. Utility RF/microwave 
cable assemblies are available with N-
Type connectors to 18 GHz and SMA 
connectors to 20 GHz in 24", 36", 48" 
and 60" lengths (custom lengths are 
available).

Maury Microwave, 
Ontario, CA 
(909) 987-4715, 
www.maurymw.com.
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ROME, ITALY
5-10 OCTOBER 2014
www.eumweek.com

EuMW 2014
CONNECTING THE FUTURE

SIX DAYS ONE EXHIBITIONTHREE CONFERENCES  

Interested in exhibiting?
Call +44(0) 20 7596 8742 or visit www.eumweek.com

EUROPEAN MICROWAVE WEEK 2014 
NUOVA FIERA DI ROMA, ROME, ITALY  

OCTOBER 5 - 10, 2014

EUROPE’S PREMIER MICROWAVE,
RF, WIRELESS AND RADAR EVENT
EuMW 2014 will be held in the extraordinary and beautiful ‘Eternal City’ of Rome. Bringing 
industry, academia and commerce together, European Microwave Week 2014 is a SIX day 
event, including THREE cutting edge conferences and ONE exciting trade and technology 
exhibition featuring leading players from across the globe. EuMW 2014 will offer you the 
unique opportunity to be connected to the future of microwave technology.

The Exhibition (7th – 9th October 2014)
• 8000 sqm of gross exhibition space

• 5,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates

• In excess of 250 international exhibitors  
(including Asia and US as well as Europe) 

The Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)  

6th – 7th October 2014
• European Microwave Conference (EuMC) 6th – 9th October 2014

• European Radar Conference (EuRAD) 8th – 10th October 2014
• Plus Workshops and Short Courses (From 5th October 2014)
• In addition EuMW 2014 will include the ‘Defence, Security  

and Space Forum’.

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:

Co-sponsored by:Co-sponsored by: Co-sponsored by:
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Test Cable Assemblies 
Catalog

Florida RF Labs has a new catalog 
detailing an extensive selection of 
test cable assemblies for precision 
measurements. The assemblies 
include Lab-Flex®, Titan-Flex™, 
ASR and ASR-F. Florida RF Labs 
has provided assemblies deliver-
ing consistent performance and 
robust interfaces that can be used 
in static and dynamic conditions 
for many years. 

Cable Assemblies 
Maury Microwave is a worldwide 
leader in interconnect solutions 
with three families of cable as-
semblies to meet your every need. 
Test Port cable assemblies offer 
the highest accuracy for VNA 
measurements. Stability™ cable 
assemblies consistently deliver 
high performance for phase-sta-
ble applications.  Utility™ cable 
assemblies have been designed for 
price/performance and everyday 
lab use.  Stability and Utility cable 
assemblies are available in stock in 
standard.

Coaxial Cable Assemblies
MIcable Inc. is a leading designer 
and manufacturer of high perfor-
mance microwave coaxial cable 
assemblies for a variety of appli-
cations, including DC to 50 GHz 
fl exible cable assemblies, hand-
fl ex cable assemblies, semi-rigid 
cable assemblies and VNA test 
cable assemblies. MIcable also 
designs and produces various 
precise coaxial stainless steel and 
copper connectors and adapters. 
Custom designed cable assemblies 
are also available. Please email 
sales@micable.cn for more infor-
mation.

Florida RF Labs,
www.emc-rfl abs.com.

Maury Microwave Corp.,
www.maurymw.com.

MIcable Inc.,
www.micable.cn.

4.3-10 Connector Brochure
HUBER+SUHNER, a leading 
global supplier of RF product, is an 
active partner of a developing group 
designated to provide an innovative 
solution for the telecom market. 
The new 4.3-10 connector system 
is designed to meet the rising per-
formance needs of mobile network 
equipment and at the same time 
reducing its size supporting the 
ongoing space reduction require-
ments. This brochure details the 
full connector and adapter range of 
HUBER+SUHNER for the 4.3-10 
connector system.

Connectors and Cables 
Offering DC to 110 GHz connec-
tors and cables: 1 mm, K, 2.92, 
SMA, N, BNC and TNC. Offering 
power dividers, couplers, amplifi -
ers, isolators, circulators, switches 
DC to 40 GHz. Contact: sales@
mesamicrowave.com or (480) 890-
1612.

SATCOM Product Guide

Mini-Circuits is pleased to release 
its new SATCOM Product Guide 
featuring a full survey of compo-
nents and assemblies for satellite 
and earth station systems. With se-
lected models from over 20 differ-
ent product types to 40 GHz, the 
guide provides key performance 
parameters for each product and 
serves as a handy reference for 
engineers evaluating parts for 
their design needs. Request your 
copy from the literature section 
of Mini-Circuit’s website or email 
apps@minicircuits.com.

HUBER+SUHNER,
www.hubersuhner.com/4310.

Mesa Microwave,
www.mesamicrowave.com.

Mini-Circuits,
www.minicircuits.com.
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PIC MicroMATES
PIC Wire & Cable’s Micro-
MATES® line of cables and con-
nectors was designed to advance 
interconnect technology for Ku- 
and X-Band assemblies. Learn 
more about these 50 Ω high fre-
quency/microwave assemblies 
engineered with minimum 200°C 
rating on all materials plus supe-
rior components including: In-
ner fl at braid or strip braid, high 
temp polyimide foil, dual braided 
shields and silver-plated copper 
throughout. Just two weeks lead 
time on most assemblies.

4.3-10 Connectors
Rosenberger presents a new bro-
chure for its 4.3-10 connector 
series. The new 4.3-10 connector 
series, developed together with the 
renowned RF suppliers Huber + 
Suhner, Spinner and Telegärtner, 
has been designed to meet the ris-
ing performance needs of mobile 
network equipment. Outstanding 
product features include best elec-
trical performance and very low 
passive intermodulation, very small 
connector dimensions and easy in-
stallation. Plug types are available 
as screw-on, hand-screw and quick-
lock types – installation failures are 
limited by torque independency. 

dB Miser Brochure
The clear choice for engineers 
facing challenging system gain or 
signal-to-noise requirements, dB 
Miser™ cables exhibit ultra low 
loss, excellent amplitude stability 
with fl exure, stable performance 
over temperature and exceptional 
connector retention. This expand-
ed brochure introduces two new 
cables in the dB Miser line of as-
semblies: a 0.160" diameter cable 
(0.678 dB/ft nom. at 40 GHz) and 
a 0.190" diameter cable (0.496 dB/
ft nom. at 32 GHz), as well as new 
connector offerings.

PIC Wire & Cable,
www.picwire.com.

Rosenberger Hochfrequenztechnik GmbH & Co. KG,
www.rosenberger.com.

Teledyne Storm Microwave,
www.teledynestorm.com.

T&M Instruments
 

Whatever your job is, you are 
not always performing complex 
measurements and do not always 
need the ultimate high-end T&M 
equipment. What you need are 
precise, reliable, universal mea-
suring instruments. That is exactly 
what you get with value instru-
ments from Rohde & Schwarz: 
they combine practical features 
with excellent measurement char-
acteristics; they are easy to use and 
easy on the budget. Find out more 
in the Value Instruments Catalog 
2013 from Rohde & Schwarz.

MM-Wave Connector 
Assembly
Successfully launching an RF 
connector to a PCB at millimeter 
wave frequencies requires a care-
fully engineered plan for design, 
simulation and installation. SV Mi-
crowave is now offering the design 
services and assembly tools need-
ed to optimize your high frequen-
cy connector launch.

GORE PHASEFLEX 
Microwave/RF Test 
Assemblies
For test applications that require 
precise, repeatable measurements, 
GORE® PHASEFLEX® Micro-
wave/RF test assemblies provide 
excellent phase and amplitude 
stability with fl exure. The rugged, 
lightweight construction of these 
assemblies delivers reliable per-
formance with longer service life 
and reduced equipment downtime, 
which results in lower costs for test-
ing in laboratory, production, and 
fi eld test environments.

Rohde & Schwarz GmbH & Co. KG, 
www.rohde-schwarz.com.

SV Microwave,
www.svmicro.com.

W. L. Gore & Associates,
www.gore.com/test.
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