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Missing a Pulse Can Be Deadly.

• Real-Time Power Processing™  for gap-free analysis

• 100 MSa/sec SUSTAINED sample rate is world’s fastest

• 10 GSa/sec effective rate for superb waveform fidelity

• <5 ns risetime and 70+ MHz video bandwidth

• 100 ps time resolution for enhanced trigger stability   

• Triggered acquisition speeds over 40,000 sweeps/sec

• Capture and analyze data more than 100x faster 
   than conventional power sensors

For more information visit us at boonton.com or call 
+1 973-386-9696.

Capture every pulse with no missed glitches. The 
new 55 Series delivers unsurpassed speed and 
accuracy for the most demanding RF power mea-
surements thanks to Boonton’s Real-Time Power 
Processing™ technology. With this revolutionary 
technique, all processing steps take place in parallel, 
guaranteeing gap-free signal acquisition and reliable 
capture of all transients, dropouts or interference. 

Taking Performance to a New Peak.

Boonton

The Smartest, Fastest and Only
 Real-Time USB Peak Power Sensor.
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COMBINERS
 as low as79 ¢

from2 kHz to18 GHzNOW!

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! 

o S
C O M P L I A N T

RoHS Compliant 
Product availability is listed on our website. 

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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With Analyst ™ V11, we’ve done our homework so you don’t have to. Simply pull from the 

ready-built 3D parts library of microwave connectors, coils, packages, antennas and more - 

or build your own via our user-configurable 3D PCells. Easy to create and even easier to use. 

3D parts within your overall Microwave Office® design. Graduate to a higher level of design. 

Grab a test copy at awrcorp.com/tryAWR.
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J U L Y
First Responder Communication 
Interoperability
July 14–16, 2014 • Washington, DC
www.fi rstrespondersforum.com

A U G U S T
EMC 2014
IEEE International Symposium on 
Electromagnetic Compatibility
August 3–8, 2014 • Raleigh, NC
www.emc2014.org

NIWeek 2014
August 4–7, 2014 • Austin,TX
www.ni.com/niweek

METAMATERIALS 2014
8th International Congress on Advanced 
Electromagnetic Materials in Microwaves 
and Optics
August 25–30, 2014 • Copenhagen, Denmark
http://congress2014.metamorphose-vi.org

RFIT 2014
IEEE International Symposium on Radio-
Frequency Integration Technology
August 27–30, 2014 • Hefei, China
www.rfi t2014.org

S E P T E M B E R
ICUWB 2014
IEEE International Conference on Ultra-
Wideband
September 1–3, 2014 • Paris, France
www.icuwb2014.org

ION GNSS+ 2014
September 8–12, 2014 • Tampa, FL
www.ion.org

Super Mobility Week 2014
September 9–11, 2014 • Las Vegas, NV
www.supermobilityweek.com

4G World 2014
September 9–11, 2014 • Las Vegas, NV
www.4gworld.com

IRMMW-THz 2014
39th International Conference on 
Infrared, Millimeter and Terahertz Waves
September 14–19, 2014 • Tucson, AZ
www.irmmw-thz2014.org

Call for Papers
RWW 2015
July 25, 2014

EDI CON 2015
October 31, 2014

mwjournal.com

AUTOTEST 2014 
September 15–18, 2014 • St. Louis, MO
www.ieee-autotest.com

O C T O B E R
EuMW 2014
European Microwave Week
October 5–10, 2014 • Rome, Italy
www.eumweek.com

MILCOM 2014
October 6–8, 2014 • Baltimore, MD
www.milcom.org

The 2014 Defence and Security Forum at 
European Microwave Week
October 8, 2014 • Rome Italy
www.eumweek.com

AMTA 2014
36th Antenna Measurement Techniques 
Association Meeting & Symposium
October 12–17, 2014 • Tucson, AZ
www.amta2014.org

ITC/USA 2014
October 20–23, 2014 • San Diego, CA
www.telemetry.org

MWP/APMP 2014 
International Topical Meeting on 
Microwave Photonics (MWP) 
9th Asia-Pacifi c Microwave Photonics 
Conference (APMP)
October 20–23, 2014 • Sapporo, Japan
www.mwp2014.com

IME/China 2014
9th International Conference & Exhibition 
on Microwave and Antenna
October 29–31, 2014 • Shanghai, China
www.imwexpo.com

N O V E M B E R
APMC 2014
Asia-Pacifi c Microwave Conference
November 4–7, 2014 • Sendai, Japan
www.apmc2014.org

D E C E M B E R
Precise Time and Time Interval Systems 
and Applications
December 1–4, 2014 • Boston, MA
www.ion.org/ptti

J A N U A R Y
Radio Wireless Week
January 25–28, 2015 • San Diego, CA
www.radiowirelessweek.org

I N T R O D U C I N G  T H E 

VPA-250
2-50 GHz System Amplifier

Value Intrinsic Designed Compact Amplifier  
with simple “plug’n play” operation 

VIDA Products Inc 

3551 Westwind Blvd., Santa Rosa, CA 95403 
Phone: 707-541-7000  |  info@vidaproducts.com 

www.vidaproducts.com

                Freq (GHz)  
Specs Description 2~10  10~26   26~40 40~50 

Psat (dBm)  Saturated Output Power 30 28 26 24
P1dB (dBm) 1dB Compressed Power 25 24 23 22
S21 (dB)  Small Signal Gain 30 28 26 24
S11 (dB) Input Match -15 -15 -10 -8
S22 (dB) Output Match  -12 -10 -8 -8
S12 (dB)  Reverse Isolation  -60 -60 -50 -50
NF (dB)  Noise Figure  9 9 11 14

• Clean power and gain over 2~50 GHz 

• Gain >25 dB (30 dBm saturated power output)

• A differential voltage proportional to output  
power, is externally provided.

• Universal Wall Mount 12VDC power included

• Woman Owned Small Business

• 3 Year New Product Warranty

ComingEvents
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Medical Imaging
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Optical Drive Amplifier
Sat-com Amplifier
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2014 Design Software 
Review: Interoperability
Editor’s Note: The quest for interoperability between RF/microwave EDA tools goes back to at 
least 1987 and the DARPA program known as MIMIC. This program launched a study to fi nd 
the best way to produce reliable, high performance MMICs through the “development of 
computer-aided design capabilities.” CAD companies teamed with IC manufacturers to develop 
standards for fi le formats allowing the exchange of data across platforms and design environments. 
Today, interoperability extends to nearly all software-based design tools including circuit/system 
schematic-based environments, physical layout, EM simulation, multi-physics, manufacturability 
and test systems, taking into account software from multiple vendors and supporting enterprise 
design fl ows. A new age is upon us whereby EDA providers are collaborating with each other 
to streamline design fl ows through interoperability and design automation. This improved 
functionality allows engineers to be more productive than ever before. The following is an update 
on the latest developments in interoperability and the impact on design.

Agilent Technologies

Agilent’s workfl ow environments provide 
a way to simulate, measure and analyze 
components and systems in a variety of 

applications. This is made possible by focusing 
on software interoperability across electron-
ic design automation (EDA) tools as well as 
measurement application software for specifi c 
test needs. As a component or device moves 
through its lifecycle—from early design all the 
way to volume manufacturing—customers can 
achieve greater confi dence in their designs, 
products and schedules.

In recent years, the need for greater interop-
erability between design tools has intensifi ed 
due to two main trends. The fi rst is a general 
movement from single-technology designs to 
those that incorporate multiple technologies 
within ever-smaller enclosures. This leads to 
many challenges, and one of the most diffi cult 
is the potential for coupling between the subsys-
tems within the device. Solving these problems 
quickly and effi ciently depends on circuit simu-

lators, electromagnetic (EM) simulators and 
layout tools that are designed to work together.

This leads to the second trend: the need for 
greater effi ciency in the design fl ow. In many 
industries, headcounts and budgets are shrink-
ing as competitive pressures drive shorter de-
sign cycles. If team members are using differ-
ing tools, they may need to convert or translate 
designs from one format to another—and this 
may cause ineffi ciency and errors.

Several years ago, Open Access was intro-
duced as a common database for custom IC 
design. Agilent adopted this database in its 
fl agship simulation platform, Advanced De-
sign System (ADS), and its EM simulation 
tools. Today, ADS 2014 provides several new 
features that increase interoperability and ad-
dress the two main trends described above. As 
an example, ADS 2014 goes beyond the use of 
a common database for circuit and EM simula-
tion. To help designers save time—and elimi-
nate hundreds of mouse clicks—the software 
includes automatic EM simulation set-up and 
design partitioning. This automates the process 
of removing SMD and IC active devices and 
replacing them with EM ports in the design 
layout.
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+36dBm IIP3 Mixer Boosts 
Dynamic Range with 2.4dB Gain

  Info & Free Samples

The LTC®5551’s +36dBm IIP3, combined with 2.4dB conversion gain and 9.7dB noise figure, produces outstanding 
dynamic range performance. Its high gain saves an expensive IF amplifier stage while minimizing noise gain. And its 
0dBm LO drive eliminates a high power RF amplifier, ensuring consistent performance without sensitivity to LO level 
or power supply variations. 

www.linear.com/product/LTC5551

1-800-4-LINEAR

  Product Features

Wideband 300MHz to 3.5GHz Integrated Mixer Lowers
Power and Reduces External Components

    , LT, LTC, LTM, Linear Technology and the Linear logo are 
registered trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners.

LTC5551 Demo Board

(Actual Size)

• 300MHz to 3.5GHz Frequency Range

• +36dBm IIP3

• 2.4dB Conversion Gain

• 9.7dB NF

• 0dBm LO Drive

• Low Power: 670mW

RFOUT

RFIN

LOIN

LTC5551

RF 2.4dB Gain
+36dBm IIP3 

0dBm Drive 
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design and the lowest total cost-of-test 
(see Figure 2). It also reduces the 
risks inherent in the product lifecycle. 
As an example, Agilent offers a com-
mon suite of signal-generation and 

ing. The difficulties 
grow when those 
radios use sophis-
ticated multiplex-
ing and transmis-
sion schemes such 
as MIMO, space/
time coding, beam-
forming and carrier 
aggregation.

As a product 
moves along its life-
cycle, testing re-
quirements evolve 
from “unbounded” 
in R&D to “just 
enough” on the pro-
duction line. Satis-
fying those needs 
while also address-
ing business drivers 
often requires an 
optimal combina-
tion of benchtop 
and modular test 
equipment. The 
benefits grow if the 
platforms are well 
harmonized and the 
associated measure-
ment software pro-
vides consistent results.

The availability of compatible 
benchtop and modular solutions pro-
vides the fastest path to a completed 

Another addition is a next-gener-
ation PCB integration solution – the 
ADS Board Link (ABL). This pro-
vides a bidirectional interface to en-
terprise PCB tools, enabling ADS to 
import layouts, schematics and librar-
ies. ABL also enables easy transfer 
of RF schematic and layout designs 
started in ADS, to enterprise PCB 
environments for integration into a 
larger design for floor planning, modi-
fication to accommodate physical de-
sign constraints, and exportation back 
to ADS for verification.

Designers of silicon RFICs can 
now use ADS 2014 to simulate a de-
sign from Cadence Virtuoso with no 
importing or file translation required 
because both tools use the same data-
base (see Agilent’s article, p.66 in this 
issue for more about the benefits of 
this interoperability). For those mak-
ing measurements with the latest Agi-
lent instruments, ADS 2014 provides 
enhanced links through an upgraded 
Command Expert Mode in its Con-
nection Manager (see Figure 1).

In today’s design cycles, interop-
erability extends beyond EDA tools 
to include information sharing be-
tween software and hardware as well 
as interoperability across multiple 
hardware platforms. Incorporating 
multiple radios into less space also 
adds new challenges to device test-

s Fig. 1  Advanced Design System 2014 uses the Open Access data-
base, enabling bidirectional schematic interoperability with Cadence 
Virtuoso.

s Fig. 2  Benchtop and modular vector signal generators and 
analyzers leverage common measurement algorithms that represent 
building blocks in their measurement.

s Fig. 3  These three traces show the same LTE measurement made 
with the 89600 VSA software, (a) an MXA signal analyzer running X-App 
VSA software (b) and a modular PXI VSA with X-Apps software (c).
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CST – COMPUTER SIMULATION TECHNOLOGY | www.cst.com | info@cst.com

Components don’t exist in electromag-
netic isolation. They influence their 
neighbors’ performance. They are affected 
by the enclosure or structure around them. 
They are susceptible to outside influences. 
With System Assembly and Modeling, 
CST STUDIO SUITE helps optimize com-
ponent and system performance.

Involved in antenna development? You 
can read about how CST technology is 
used to simulate antenna performance at 
www.cst.com/antenna. 

If you’re more interested in filters, cou-
plers, planar and multilayer structures, 
we’ve a wide variety of worked applica-
tion examples live on our website at 
www.cst.com/apps.  

Get the big picture of what’s really going 
on. Ensure your product and components 
perform in the toughest of environments.

Choose CST STUDIO SUITE –  
Complete Technology for 3D EM.

Make the Connection
Find the simple way through complex  
EM systems with CST STUDIO SUITE

CST SUCCESS STORY

www.cst.com

PULSE ELECTRONICS IMPROVES ANTENNA 
EVALUATION AND REDUCES PRODUCT DESIGN 
LEAD TIME WITH CST MICROWAVE STUDIO
Heikki Korva, Team Manager, RF, Pulse Electronics Wireless Division

Figure 1 LTE antenna audio-module, from simulation to mass production. 

Pulse Electronics Mobile Division produces compact antennas  
for mobile communications and networking. Mobile antennas 
need to function in complex and mechanically limited environ-
ments, and so most antennas used today are specially designed 
and customer-specific.

The antenna is one of the first electromechanical components 
considered in a new product concept design. In the past, most  
of the R&D work was done in the laboratory, with the engineers 
constructing and testing different antenna designs for customers’ 
products. While this is still a good approach for single antenna 
systems, the introduction of LTE diversity schemes and other radio 
systems such as Wi-Fi and GPS to current smartphones make reli-
able prototype evaluation very challenging.

Antenna prototypes typically include the device ground, PCBs, 
batteries, covers and any other large parts. Obviously, early 
prototypes seldom include any active transceivers, and so each 
antenna must be driven from an external coaxial cable. A typical 
LTE smartphone, with its main and diversity antennas, GPS and 
GLONASS systems and 2.4 GHz and 5 GHz WLAN capabilities,  
can need 7 or 8 cables to measure all the components at once. 
These cables would occupy too much of the volume of the pro-
totypes, and severely distort the evaluation results. With electro-
magnetic simulation, the performance of a complex device can 
be calculated without worrying about these cable effects. 

An example of an antenna product designed using only 
CST MICROWAVE STUDIO® (CST MWS) is shown in Figure 1.

About Pulse Electronics Wireless Division

Pulse Electronics boosts appealing mobile devices by pro-
viding intelligent antenna design and manufacturing solu-
tions for handsets, tablets, laptops, small cell base stations 
and PMR.

Our aim is to optimize antenna designs for complex multi-
radio environments under all circumstances. The carefully 
developed Pulse solutions truly delight end users.

Pulse has delivered close to 2 billion antennas to the leading 
manufacturers of mobile devices. Pulse Wireless Division is 
headquartered in San Diego, USA, and has sites in Finland, 
China, South Korea, and Taiwan.

www.pulseelectronics.com

Find out how Pulse Electronics 
improves antenna evaluation and 
reduces product design lead time with 
CST MICROWAVE STUDIO.

Scan page
using           app
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The link between the two software 
tools is accomplished through the use 
of AWR’s EM SocketΤΜ open stan-
dard interface, which enables AWR 
users to access a broad range of elec-
tromagnetic (EM) tools from within 
the Microwave Offi ce design environ-
ment. It is this same feature that also 
enables AWR Microwave Offi ce users 
to essentially simulate EM structures 
with a single mouse click using either 
AWR’s AXIEM 3D planar method 
of moments solver or AnalystΤΜ 3D 
fi nite element method EM software.

In addition to enabling ANSYS 
HFSS 3D EM simulation capabili-
ties from within the NI/AWR Design 
Environment, the connection allows 
the resulting 3D layered format ex-
ported from the EM Socket interface 
to connect to the ANSYS multiphysics 
portfolio. That suite includes ANSYS 
SIwave for signal/power integrity 
analysis and ANSYS Icepak for ther-
mal characterization.

High-power RF components not 
only produce high power—they also 
generate heat. This makes it impor-
tant to not only understand the elec-
trical performance of the end device 
but also the impact of its thermal 
profi le. In addition to the link to 
ANSYS Icepak for thermal analysis, 
AWR Connected now provides in-
teroperability to CapeSym’s SYMMIC  
thermal FEM analysis software, which 
provides a co-simulation, software-to-
software, electrical/thermal, MMIC 
design environment.

party software and hardware manu-
facturers automating the exchange of 
design and simulation/measurement 
data from software-to-software and/
or software-to-hardware design envi-
ronments. Design domains addressed 
include printed circuit boards, test 
and measurement (T&M), as well as 
MMIC thermal and related synthesis 
technologies.

To keep pace with evolving engi-
neering challenges and new tools on 
the market designed to address these 
issues, AWR has recently added sev-
eral important interoperability links 
to its AWR Connected product line. 
These links provide interoperability to 
various tools for specifi c analyses (i.e. 
EM, thermal), complex physical struc-
tures and design fl ows and provide en-
gineers with an opportunity to address 
specifi c engineering issues while uti-
lizing existing design information.

In a signifi cant development, AWR 
and ANSYS Inc. recently announced 
their efforts to integrate ANSYS® 

HFSSΤΜ, a leading 3D EM analysis 
tool, into Microwave Offi ce. With this 
design fl ow, Microwave Offi ce users 
can readily access HFSS for analy-
sis of EM fi elds and coupling of 3D 
structures like bumps, bond wires, 
pins, tapered vias and ribbons, which 
are essential to successfully design-
ing and realizing microwave circuits 
like monolithic microwave integrated 
circuits (MMIC), densely-populated 
RF circuit boards and multifunction 
modules.

signal-analysis software that can be 
used across its benchtop and modular 
signal generators and signal analyzers. 
This enables engineers to easily corre-
late test results between the develop-
ment and manufacturing phases.

Specifi c to signal analysis, Agilent 
provides a range of capabilities. This 
starts with basic functionality in the 
form of spectrum and “power suite” 
applications for all stages of product 
development and manufacturing. The 
next level comes from X-Series mea-
surement applications, which offer 
capabilities such as power, harmon-
ics, spurious and phase noise across 
benchtop and modular instruments. 
For advanced modulation analysis, 
the Agilent 89600 VSA software is 
compatible with—and provides con-
sistent results from—a wide range of 
Agilent measurement platforms (see 
Figure 3).

NI/AWR

AWR Corporation, a National 
Instruments Company and 
leader in high-frequency EDA 

software, has had a long-standing com-
mitment to provide design engineers 
with access to best-in-class, third-
party tools through integration with 
the AWR Design EnvironmentTM. 
The AWR ConnectedTM family of 
products supports the fl ow of data be-
tween high-frequency design software 
from AWR and products from third-
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interface.  HFSS 3D layout is ideal for 
designers who work in layered geom-
etry found in monolithic microwave 
integrated circuits (MMIC), densely-
populated RF circuit boards and mul-
tifunction modules, or layout of high-
speed components, including on-chip 
embedded passives, IC packages and 
PCB interconnects. These types of 
designs can be easily modeled in the 
HFSS electrical layout environment 
or imported directly from leading 

AWR Connected for Cadence Allegro 
design flow using Applied Computa-
tional Sciences (ACS) as the interme-
diary. This powerful solution is popu-
lar for an EM extraction flow taking 
data from Cadence and inputting it 
into AWR’s Microwave Office circuit 
design tool, where it can also be lev-
eraged using AXIEM for 3D planar 
EM simulation.

As EM simulation has matured and 
become much more a part of the front 
end design process, mutual key cus-
tomers have been requesting a tight-
er, more robust solution. In response, 
AWR and Cadence began working 
together in 2013 to ensure model 
compatibility across tools. The result 
is a 3D printed circuit board (PCB) 
flow that takes the RF schematic and 
layout from Microwave Office and 
exports the data into Cadence format 
such that it can be quickly and easily 
read in, plugged into the overall PCB 
design, and simulated/verified.

ANSYS

ANSYS is equally committed 
to providing open integration 
of HFSS, an industry leading 

electromagnetic field simulation tech-
nology, with third party microwave 
circuit simulation and EDA design 
software packages. Such interoper-
ability allows companies to create cus-
tomized design flows to fit their needs.  
The key enabling feature supporting 
this integration is the new 3D Layout 

AWR Connected for SYMMIC is 
a unidirectional interface flow devel-
oped especially for high power mono-
lithic microwave integrated circuit 
(MMIC) designers to enable them to 
easily take AWR’s Microwave Office 
high-frequency circuit designs into 
CapeSym’s SYMMIC software pack-
age for thermal analysis. Together, 
AWR & CapeSym provide high power 
RF designers with the ability to obtain 
optimal electrical performance with 
proper consideration given to thermal 
operating properties as well. This re-
sults in more robust and reliable next-
generation RF and power systems.

In support of complex PCB layout 
design flows, AWR is also partnering 
with Cadence Design Corporation 
on a new and improved flow between 
AWR tools and Cadence’s Allegro 
board solution. It is not uncommon 
that the RF functions on a board oc-
cupy only a small footprint on the fi-
nal overall PCB design. While this RF 
area may be small, the importance of 
getting the design right is paramount.  
Unfortunately, is it also quite typical 
that the RF layout is designed in iso-
lation and later placed into the final 
design. When this happens, the RF 
performance often suffers.  Therefore 
it is very desirable and beneficial to 
perform a verification simulation us-
ing the actual layout from the full pro-
duction PCB tool before prototyping.

AWR recognized this need sev-
eral years ago and first partnered 
with Cadence in 2010 to provide the 

s Fig. 4  Layout of spiral inductor defined 
in Cadence Virtuoso imported into HFSS for 
3D full-wave analysis.
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specifies the solution frequency and 
sweep range.

Once setup is complete, the 3D 
electromagnetic model is solved by 
the HFSS finite element electromag-
netic solver.  Since the solution region, 
nets of interest, excitation ports, and 
boundaries are automatically cre-
ated and/or assigned in the layout, 
engineers do not need to be familiar 
with 3D modeling.  Such integration 
provides access to HFSS while mak-
ing model creation extremely simple 
and fast.  Engineers obtain very accu-
rate electromagnetic field simulations 
of high-speed differential pairs, via 
transitions, ball grid array transitions, 
package-to-PCB transitions, passives 
on silicon, RF circuits and more.

Once the imported geometry exists 
in HFSS, users can do further analysis 
beyond 3D full wave electromagnet-
ics by leveraging the ANSYS Work-
benchTM. The Workbench framework 
allows users to perform detailed multi-
physics analyses on the same imported 
geometry. For example, the design of 
an RF power amplifier must now con-
sider how the device’s thermal perfor-
mance will impact the system’s overall 
frequency response. Optimal designs 
can be accomplished only when both 
issues — electromagnetic and thermal 
performance — are considered in an 
interdependent manner. Moreover, 
today’s microwave electronics systems 
are incorporated into demanding 
system-level environments. A power 
amplifier may be part of a phased ar-
ray antenna that is mounted in a UAV 
that is expected to circumnavigate the 
globe. Vibration analysis is a critical 
component to this integration. What 
impact will in situ vibrations have on 
the antenna’s beam steering capabili-
ties? Only an integrated multi-physics 
solution can provide the answer. The 
ANSYS Workbench delivers an in-
novative project schematic view that 
ties together the entire simulation 
process, guiding the user every step of 
the way. Even complex multiphysics 
analyses can be performed with drag-
and-drop simplicity.

COMSOL

Simulation enables faster product 
development by providing key 
information about how a de-

sign will perform prior to the manu-

ing a cutout region in the layout tool.  
Once the region has been defined, 
the appropriate nets are selected 
and ports are automatically assigned 
to the nets or solder balls in the de-
sign. To complete the setup, the user 

design software packages such as Na-
tional Instruments/AWR (described 
previously) and Cadence Design Sys-
tems (see Figure 4).

The HFSS 3D layout feature en-
ables seamless integration with AWR’s 
Microwave Office and  Cadence 
Allegro, APD, SiP and Virtuoso al-
lows RF, SI and digital engineers to 
set up ready-to-solve chip, package 
and board simulations from within the 
host environment. The easy-to-use ca-
pability is ideal for engineers who are 
not familiar with 3D electromagnetic 
modeling but require the rigor, ac-
curacy, and reliability that HFSS pro-
vides. All the necessary HFSS setup 
steps (geometry, material properties, 
port setup, and boundary conditions) 
are easily and quickly applied in the 
AWR or Cadence interface (see Fig-
ure 5).

Engineers can easily perform a 
direct setup of a Microwave Office, 
Allegro, APD, SiP or Virtuoso lay-
out design that can then be analyzed 
with HFSS. Users simply specify 
which regions, or connected regions, 
are to be solved by HFSS by specify-

30 	 MICROWAVE JOURNAL n JULY 2014

s Fig. 5  Layout of structure with defined 
ports originally designed in AWR imported 
into HFSS for 3D full-wave analysis.
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benefi cial to have both a fast develop-
ment cycle and a reliable product that 
is ensured by simulation. This entails 
ensuring that the circuit board can de-
form as intended and does not break 
after repeated deformation, a truly 
multiphysics analysis.

How is this done? Computer aided 
engineering (CAE) software requires 
strong interfacing and interoperability 
capabilities in order to leverage the 
strengths of different software. With 
the ECAD Import Module, an add-
on to COMSOL Multiphysics, ECAD 
fi les can be imported directly into the 
COMSOL software, where 2D lay-
outs can easily be converted into 3D 
geometries for further analysis.

Within the COMSOL environ-
ment, multiple physics interactions 
can then be combined and ana-
lyzed including the electromagnetic, 
thermal, and structural behavior of 
components and devices. One new 
feature introduced with COMSOL 
Multiphysics version 4.4 is the ability 
to import ODB++ fi les into the soft-
ware (see Figure 6). “With ODB++
import, the engineer is able to gener-
ate 2D or 3D geometry based on the 
layers of a circuit board. The geome-
try can be meshed and used together 
with any of the COMSOL modules 
for simulation,” describes Lorant 
Olasz, product manager for the in-
terfacing products available with 
COMSOL Multiphysics.

ECAD data can be imported using 
formats that contain layouts for the 
individual layers in a device such as 
a PCB or a chip. The ECAD Import 
Module, by recognizing the geometric 
components of a layout, will construct 
plane geometry objects from the fi les. 
These objects can then be extruded 
based on information (provided in 
the fi le or during import) about the 
layer stack-up. For IC and MEMS 

facturing of physical prototypes. For 
electrical engineers, ever diminish-
ing component sizes on printed cir-
cuit boards, integrated circuits, and 
MEMS devices demand that greater 
and greater accuracy be obtained to 
correctly predict device performance 
and characteristics. To achieve this, 
the interactions of multiple physics 
must be combined and analyzed with-
in one and the same simulation.

Take power electronics, for exam-

ple; analyses of the performance of 
solid-state electronic devices must in-
clude far more than just a single phys-
ics type. In these devices, it is crucial 
to understand heat management pro-
cesses in great detail. This requires 
that current conduction be coupled 
to heat conduction as well as to struc-
tural simulations to check for stress 
and deformation. When designing 
fl exible printed circuit boards, such 
as those used in wearable devices, it is 

 Fig. 6  COMSOL now supports the 
ODB++ fi le format for importing such fi les 
and performing analyses on the PCB compo-
nents they represent.
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simulations, GDSII formats are sup-
ported. The NETEX-G, ODB++, and 
ODB++(X) file types can be imported 
for simulating PCBs. The NETEX-G 
format is the native file type for the 
program of the same name, which can 
extract connected metal traces from 
formats that are widely used for when 
PCB designs are sent for fabrication, 
such as drill and Gerber layout files. 
The layout in Figure 7 is imported 
from an ODB++(X) file using the 
ECAD Import Module and is auto-
matically converted to a 3D geometry 
model. The AC/DC Module is used to 
compute the capacitance and induc-
tance parameters of the device.

CST

There is not, and never will be, 
a single tool that can do every-
thing. Everything in the engi-

neer’s toolbox – whether it is a physical 
item or a computer program – repre-
sents years of research and develop-
ment into solving just a subset of the 
tasks that come up over the course of 
the design cycle. CAD and EDA tools 
make it possible to create complex 
designs rapidly, simulation tools allow 
engineers to model and optimize the 
system, and CNC machinery and test 
equipment can then be used to con-
struct and analyze prototypes. Each 
one covers a part of design cycle, but 
for a complete integrated workflow, 
there needs to be interoperability be-
tween all of these tools.

CST STUDIO SUITE is a 
simulation tool that includes nu-
merous electromagnetic solvers, 
which help engineers model, sim-
ulate and optimize their designs. 
Because of the range of different 
design workflows that require sim-
ulation, straightforward interoper-
ability with a wide variety of tools 
is of CST’s main goals when devel-
oping CST STUDIO SUITE, CAD 
and layout tools.

There are many CAD and EDA 
tools on the market, often focus-
ing on different specific markets. 
The files these produce come in a 
wide variety of formats, with differ-
ing standards for model quality and 
shape representation. CST STUDIO 
SUITE includes import and export 
tools for general formats such as 
STEP, ODB++ and GDSII, and pro-

 
Fig. 7  The picture 
shows the electric po-
tential on the surface of 
a planar transformer.

s
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prietary formats from leading design 
and layout tools from vendors in-
cluding Dassault Systèmes, Siemens, 
Mentor Graphics and Zuken.

Automatic model cleaning and 
healing tools built into CST STUDIO 
SUITE make it easier to prepare CAD 
data for simulation purposes (see Fig-
ure 8), and imported models can be 
modified and parameterized just like 
native data. Even within a single team, 
there may be different departments 
working on different parts of the same 
product simultaneously since the en-
gineers designing the logic board of an 
electronic device will not be the same 
ones who design the casing. The 2014 
version of CST STUDIO SUITE in-
troduced CAD data version control to 
make it easier for engineers in large 
teams to keep track of the work being 
done across different departments. 
CST STUDIO SUITE monitors the 
imported data and, if a file changes 
the user is notified. The model can 
then be automatically updated, with 
the changes highlighted and the mod-
el settings retained. Selective updat-
ing is also available for EDA files, in 
order to preserve the component, net 
and stackup definitions from the sim-
ulation model.

Once the model has been created, 
it needs to be simulated. CST STU-
DIO SUITE contains both full-wave 
3D solvers and circuit simulation 
tools, along with specialized solvers 
for PCBs, cables and multiphysics 
applications. These solvers each have 
their own strengths, and can comple-
ment each other in many design work-
flows.  CST’s Complete Technology 
approach to simulation means that 
these solvers are developed to work 
together. Not only does this allow a 
simulation to be cross-verified with a 
different solver, interoperability also 
unlocks the ability to combine simula-
tion techniques and take advantage of 
the benefits of each.

One common design project that 
benefits from this approach is emis-
sions analysis (see Figure 9). An 
accurate calculation of the radiated 
emissions from a component usually 
requires a dense mesh around the 
component to capture its geometric 
details, but only a coarse mesh across 
the rest of the volume. Modeling the 
aggressor as a field source means 
that the most efficient mesh and 

s Fig. 8  An imported model of a package, showing the automatic cleaning of faceted edges and 
healing of shape errors.
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Shattering the Barriers
to Mainstream GaN Adoption

MACOM revolutionizes rf applications by securing the supply of 
the industry’s only proven, performance-driven GaN portfolio

Ceramic Flanged & Flangeless

14x24 Plastic smd

to 272 Plastic

psop Plastic

3x6 dfn Plastic Surface Mount

5x6 dfn Plastic Surface Mount

2.5 x 4.5 sot-89

MACOM GaN transistors improve upon the 
high-power handling and voltage operation of 
ldmos with the high-frequency performance 
of GaAs. Improved bandwidth, efficiency and 
power density give your applications greater 
power in a variety of packages.
 
Leveraging deep experience in rf, MACOM 
engineers are expanding our power transistor 
family to fuel the future of military and 
commercial radar as well as other commercial 
applications. These rugged devices deliver 
greater flexibility and multi-function capability 
in your radar communications.
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Our growing pulsed power GaN portfolio 
includes 5w-90w Pk transistors in dfn and 
sot-89 plastic packaging, up to 1000w ceramic 
packages and L-, S-band fully matched modules.  
Our new cw GaN portfolio includes ceramic 
package transistors up to 200w, dfn packages 
from 5w to 25w and to-272 plastic packages 
from 50w to 200w.
 
Only MACOM shatters the final barriers to main-
stream GaN adoption by offering dual sourcing 
for surety of supply.

Get Samples & Learn How MACOM is Shattering the Barriers 
to Mainstream GaN Adoption at www.macom.com/gan
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• Frequency Coverage from VHF up to Ka-Band
• Single and Multi-Loop designs for Frequency

Agility and Low phase noise
• Ultra low Phase Noise during Vibration
• Phase locked loop designs with step sizes from 1 kHz
• Narrow band and Multi-Octave designs
• Multiple user interfaces available*
• Modular and instrument style packaging

Oscillator Features:
• Frequency coverage from 10 MHz to 40 GHz
• Crystal, Dielectric and Coaxial resonator types
• Temperature compensated
• Phase Locked or Free Running
• Modular and Surface mount packages

General Features:
• 100% Burn-in and temperature testing on all Sources
• High Reliability and Space flight legacy designs
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• Internal or external references
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world of EMC and compliance, strad-
dle the border between virtual and 
physical testing. The engineer may 
have access to a prototype of a com-
ponent, but not to the system it will be 

ing can all be linked together and run 
as a chain. Different components can 
be linked together in the schematic 
view, and the transfer of signals, S-
parameters and fi elds from one to an-
other is handled automatically. CST 
STUDIO SUITE 2014 automates the 
process further, with tools to auto-
matically set-up the SAM workfl ows 
for fi eld-coupling and multiphysics 
workfl ows.

Many projects, especially in the 

simulation method for each part can 
be used. The same approach is also 
useful for problems such as antenna 
placement.

For a complex system, this ap-
proach may result in numerous dif-
ferent simulation and optimization 
tasks, all dependent on one another. 
For these, CST developed System 
Assembly and Modeling (SAM). With 
SAM, tasks such as simulation runs, 
parameter sweeps and post-process-

 Fig. 9  A nearfi eld source representing a 
heatsink in an EMC simulation of a router.

 Fig. 10  Simulation of a refl ector antenna 
with (a) a 3D model of the feed horn and (b) 
an equivalent nearfi eld source created with 
INSIGHT.
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and SAM can make the integration of 
measurement and both circuit-level 
and full 3D simulation straightfor-
ward.

CST also invests in developing 
links to third-party analysis tools, to 
help engineers make the most of sim-
ulation and tailor their results to the 
task. Among the compatible tools are 
Antenna Magus, for antenna and ar-
ray design; Optenni Lab, for match-
ing circuit optimization; Delcross 
Savant, for antenna placement, and 
Delcross EMIT for co-site interfer-
ence analysis.

Delcross

About a year and a half ago, CST 
and Delcross cooperated to 
provide a workflow to take a 

complete CST analysis scene that in-
corporated several antennas, and im-
port them directly into the Delcross 
EMIT software for RF cosite EMI 
analysis and mitigation.  The idea 
is to make it easy for a CST user to 
take the EM results that character-
ized the complete antenna-to-antenna 
coupling in a given scene, pull it into 
EMIT and add system models for the 
transceivers, receivers, transmitters, 
amplifiers and outboard components 
(filters, cables), and look at the com-
plete spectrum to search out in-band 
interference margin issues, broad-
band noise margin violations, and oth-
er issues that might lead to receiver 
desensitization.

In a specific example, a smart-
phone handset including multi-band 
cellular antennas, Wi-Fi, Bluetooth, 
NFC and navigation systems such as 
GPS and GLONASS was created in 
CST STUDIO SUITE. The model 
includes the antennas for the three 
systems of interest, and farfield mon-
itors at key operating frequencies of 
the different systems. A simulation 
was carried out using the time do-
main solver across the spectrum from 
0 to 6 GHz. This simulation provides 
both the S-parameters, which illus-
trates the wideband coupling (isola-
tion) between each antenna, and the 
farfield patterns, giving the pattern 
degradation caused by installing the 
antennas in the environment of the 
handset.

Once all of the results have been 
calculated, the S-parameters, the field 

farfield and nearfield data can be used 
as the excitation for a full-wave simu-
lation through the link to INSIGHT 
from Microwave Vision Group (see 
Figure 10), and measured S-param-
eters and I/O buffer information for 
components can be imported in for-
mats such as TOUCHSTONE and 
IBIS. True transient/circuit co-sim-
ulation allows these elements to be 
directly included in a full-wave 3D 
simulation, even if they are nonlinear, 

installed in, or the device may be de-
signed to operate in an environment 
where measurements are difficult 
– whether that’s the depths of space 
or the human body. As well as offer-
ing advantages in virtual prototyping, 
interoperability with test equipment 
allows simulation to bridge the gap 
when measurement is impossible.

Measured data can be imported 
into CST STUDIO SUITE projects 
in a number of different ways. Both 
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Sonnet

In late 2013 Sonnet Software intro-
duced an easy-to-use EDA envi-
ronment for the analysis of on chip 

passive devices such as spiral inductors 
and MIM capacitors called BlinkTM. 
This multi-solver passive device model-
ing suite operates entirely from within 
the Cadence Virtuoso environment and 
offers users two full- wave electromag-
netic (EM) solvers: Sonnet’s traditional 
shielded method-of-moments (MoM) 
solver, and a new fast solver that uses 
advanced algorithms to accelerate the 
device modeling process. Both solvers 
operate with PDK-specific stack ups, 
which can be customized for the user’s 
implementation.

Blink allows high frequency sili-
con circuit designers to include their 
stack up and PDK information in 
EM analysis with just a few button 
clicks. With Blink, integrated circuit 
designers now have an automated 
way to access electromagnetic analy-
sis of passive RFIC devices without 
limiting them to any specific PDK. 
The new product automates the pro-
cess of setting up electromagnetic 
simulations of passive integrated cir-
cuit devices including center-tapped 
spiral inductors.

Integrated circuit designers can now 
easily model new and unique passive 
devices within your normal Cadence 
Virtuoso based IC design flow. Blink’s 
new fast solver enables you to quickly 
characterize spiral inductors, baluns, 
transformers, MIM Caps, interdigi-
tated capacitors, and transmission lines 
for radio frequency integrated circuit 
and mixed signal IC design. ■

With the RF systems defined, 
the potential for interference be-
tween the systems can be calculated. 
EMIT helps engineers investigat-
ing cosite interference consider the 
1-on-1 scenario, where one system 
interferes directly with another, and 
the N-on-1 scenario, where multiple 
systems are transmitting simultane-
ously causing potential intermodula-
tion problems.

patterns and the CAD data can be 
transferred to EMIT in a single direc-
tory. After importing the files, the next 
stage is to define the RF systems them-
selves. EMIT includes a library of ra-
dios, power amplifiers, filters and other 
components, which can be assembled 
to produce a complete system. These 
models can include data such as chan-
nels, modulation and mixer products, as 
well as the programming of the radio.
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MostValuableProduct

Microwave and signal integrity engineers 
face diffi cult choices when deciding 
how to perform differential measure-

ments. Many test solutions are inaccurate, ex-
pensive, limited in bandwidth, and inconvenient. 
The broadband nature and high isolation of 
the new BAL-0026 and BAL-0036 baluns from 
Marki Microwave eliminate these diffi cult deci-
sions by providing an all-in-one test solution for 
all classes of differential system measurements. 
With frequency coverage from 300 kHz to 36 
GHz (BAL-0036) or 26 GHz (BAL-0026), typical 
balance of 0.5 dB/5°, and 25 dB typical isolation, 
these new baluns provide the differential test 
capability necessary for any requirement. See 
Table 1 for a comparison of technologies.

When designing a differential device or sys-
tem, an engineer must decide how to properly 
characterize performance. For a device such as 
an amplifi er, this includes linear frequency do-
main parameters (S-parameters and the like), 
nonlinear frequency parameters (spurious 

generation, P1dB), and potentially time domain 
characteristics (rise time, eye diagrams). While 
any of these can be evaluated by terminating 
one side of the differential inputs and/or outputs 
with a 50 ohm load, only linear S-parameters 
can be measured confi dently using this method. 
If only linear S-parameters are desired for a de-
vice, they can be measured and post-calculated 
using a two-port VNA.

The proper method for measuring the non-
linear and time domain response of a system, 
however, is with differential excitation. This can 
be provided, at signifi cant additional expense, 
using a dual-source four-port VNA. Unfortu-
nately, this only extends the measurement capa-
bility of the VNA to single frequency excitations, 
which is suitable for testing 1 dB compression 
and single tone harmonic generation, but not for 
more general parameters such as multi-tone in-
termodulation or spurious generation. Further-
more, it does not provide measurement capabil-
ity for any real-world time domain testing with 

44  MICROWAVE JOURNAL  JULY 2014

Isolated Baluns 
Eliminate Tradeoffs 
in Differential 
Measurements
Marki Microwave
Morgan Hill, CA

Christopher Marki, 

director of operations at Marki Microwave.

Visit www.mwjournal.com to read this in-depth interview.

Scan page
using           app

_7M19 FINAL.indd   44 6/25/14   10:02 AM

http://www.mwjournal-digital.com/mwjournal/201407/TrackLink.action?pageName=44&exitLink=http%3A%2F%2Fwww.mwjournal.com


www.arworld.us/advantage

rf/microwave instrumentation 
Other ar divisions: modular rf • receiver systems • ar europe
USA 215-723-8181. For an applications engineer, call 800-933-8181. 
In Europe, call ar United Kingdom +44 1908 282766 • ar France +33147917530 • ar Deutschland +49 6101 80270 0 • ar Benelux +31 172 423000

Copyright © 2014 AR. The orange stripe on AR products is Reg. U.S. Pat. & TM. Off.

www.arworld.us

ISO 9001:2008
Certified

Come See Us at IEEE EMC Raleigh
Raleigh Convention Center, Raleigh, NC  

August 5-7, 2014, Booth 505 

MicrowaveJournal_MicrowaveOmnibus.indd   1 6/17/14   9:29 AMMWJAR0714.indd   45 6/25/14   9:54 AM

http://www.mwjournal-digital.com/mwjournal/201407/TrackLink.action?pageName=45&exitLink=http%3A%2F%2Fwww.arworld.us%2Fadvantage
http://www.mwjournal-digital.com/mwjournal/201407/TrackLink.action?pageName=45&exitLink=http%3A%2F%2Fwww.arworld.us
http://www.mwjournal-digital.com/mwjournal/201407/TrackLink.action?pageName=45&exitLink=http%3A%2F%2Fdelivr.com%2F2cv9e_qr


46 	 MICROWAVE JOURNAL n JULY 2014

0036 is ±3° of phase balance and ±0.5 
dB of amplitude balance for frequen-
cies up to 36 GHz. This translates into 
8.6 ps of typical differential group delay 
ripple, and 6 percent of typical differ-
ential voltage variation across the band. 
The differential insertion loss increases 
from ~3 dB at low frequency to 5 dB 
at 36 GHz with low group delay ripple, 
making it more than capable of trans-
mitting 40 Gb/s data with open eyes.

Differential signaling is generally 
preferred to single ended signaling be-
cause it has inherent immunity from 
electromagnetic interference (EMI) 
noise. Signal integrity engineers are 
adopting differential signaling for more 
applications and in higher frequency 
designs, as more stringent dynamic 
range requirements require the elimi-
nation of EMI noise. Despite this clear 
advantage, adoption of differential sig-
naling is hampered by the dearth of 
options for testing differential devices 
and systems at frequencies above 10 
GHz. By providing convenient and ac-
curate measurements of all differential 
parameters at a fraction of the cost 
of a dual source VNA, the broadband 
balun could serve as the cornerstone 
of any laboratory differential testing 
capability.
Marki Microwave,  
Morgan Hill, CA 
info@markimicrowave.com 
www.markimicrowave.com.

Most Valuable Product
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actual data. This requires a differential 
to single-ended mode converters.

There are two major options for 
such a converter: the balun and the 
180° hybrid coupler. The advantage that 
baluns have are that they can have fre-
quency coverage to very low frequen-
cies (in the kHz range), which makes 
them suitable for baseband data. They 
have been limited, however, usually to 
frequencies below 10 GHz on the high 
end. The advantage of 180° hybrid cou-
plers is that they can operate at high 
frequency (65 GHz or higher), but they 
cannot operate below 2 GHz, making 
them unsuitable for baseband data.

Hybrid couplers also have isola-
tion between output ports, while most 
balun designs do not. Lack of isolation 
between the positive and negative bal-
anced ports can cause erroneous mea-
surements in both the frequency and 
time domain. It can also cause signifi-
cant errors for testing of devices that 
do not have a perfect 50 V match.

The new baluns from Marki Micro-
wave merge the best features of each 
device into one all-purpose unit. The 
broadband 300 kHz to 26/36 GHz op-
eration makes the BAL-0036 suitable 
for all classes of signals, including base-
band data, narrowband data, and high 
frequency single tone testing. The com-
bination of excellent balance, isolation, 
low return loss, and flat insertion loss 
means that the baluns are transparent 
to the user during measurements.

The typical balance of the new BAL-

TABLE I
Comparison of solutions for differential measurements

Two Port 
VNA with 

Post-
Processing

Four Port 
Dual 

Source 
VNA

Standard 
Baluns  

(No 
Isolation)

New 
Marki 

BAL-0036 
with 

Isolation

Ti
m

e 
D

om
ai

n

Eye Diagrams ✖ ✖ < 20 Gb/s < 40 Gb/s

Step/Impulse Response ✖ ✖ > 50 ps > 25 ps

Bit Error Ratio ✖ ✖ < 20 Gb/s < 40 Gb/s

Error Vector Magnitude ✖ ✖ < 17 GHz < 36 GHz

N
on

lin
ea

r 
F

re
qu

en
cy

 
D

om
ai

n

Multitone Spurious	 ✖ ✖

200 KHz -  
17 GHz

300 kHz - 
36 GHz

Multitone Intermodulation ✖ ✖

1 dB Compression ✖

10 MHz - 
67 GHz

Harmonic Generation ✖

L
in

ea
r 

F
re

qu
en

cy
 

D
om

ai
n

Insertion Loss

10 MHz -  
67 GHz

Return Loss

Amplitude Balance	

Group Delay
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Rugged, repeatable performance. 
At Mini-Circuits, we’re passionate about transformers. We even 
make own transmission line wire under tight manufacturing 
control, and utilize all-welded connections to maximize 
performance, reliability, and repeatability. And for signals up 
to 8 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and 
they are even offered in packages as small as 0805!
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customer pick-and-place throughput in four distinct ways: 
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(3) better placement accuracy and consistency, 
and (4) high-visibility markings for quicker visual 
identification and inspection. 
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your requirements, and Yoni2, our patented search 
engine, can identify a match in seconds. And new custom 
designs are just a phone call away, with surprisingly 
quick turnaround times gained from over 40 years of 
manufacturing and design experience!
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Tel (805) 389-3224    Fax (805) 389-3629    sales@ciaowireless.com

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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ing Agreement to integrate and fl ight demonstrate Rohde 
& Schwarz’s air traffi c control radios on the Predator®

B/MQ-9 Reaper® RPA.
The agreement supports both companies’ efforts to add 

additional German and European content into Predator-
series aircraft. At the same time, the integration of the 
Rohde & Schwarz radios also supports GA-ASI’s effort to 
deliver a “Certifi able” Predator B RPA. GA-ASI is forecast-
ing to deliver aircraft that are fully compliant with the air-
worthiness certifi cation requirements of NATO customers, 
including STANAG 4671. 

“We are continuing to integrate German and European 
payloads and communications systems into our aircraft 
while ensuring compliance with airworthiness standards,” 
said Linden P. Blue, CEO, GA-ASI. “Rohde and Schwarz’s 
expertise in the design, development and production of ra-
dio communications systems that carry airworthiness certi-
fi cations will bring us one step closer to achieving this goal.”

“Our products provide users with a high degree of se-
curity and reliability in airborne radio communications,” 
stated Scott Bausback, CEO, Rohde & Schwarz USA, Inc. 
“Together with General Atomics Aeronautical, we will de-
velop both companies’ capabilities regarding their techni-
cal state-of-the-art portfolios.”

In the fi nal design confi guration, two radio systems will 
be placed in the aircraft, along with potentially another 
two radios in the Ground Control System (GCS). The R&S 
MR6000A—from the successful Rohde & Schwarz VHF/
UHF R&S M3AR airborne transceiver family—is the fi rst 
radio of its kind in the world that meets civil aviation certi-
fi cation requirements and ensures compatibility with mili-
tary and civilian avionics specifi cations.

The fi rst fl ight test of Predator B with a single R&S 
MR6000A radio system is scheduled for later this year at 
GA-ASI’s Gray Butte Flight Operations Facility in Palm-
dale, Calif. The test will encompass verifi cation of control 
and frequency management using the Beyond-Line-of-
Sight (BLOS) communications path. In addition, GA-ASI 
foresees an adjunct demonstration of a radio relay and 
communication to dismounted soldiers should fl ight re-
sources allow.

GA-ASI’s Certifi able Predator B is envisioned to be a 
multi-nation, certifi able, exportable confi guration built 
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LM Selected to Provide USAF with Space 
Fence Radar to Safeguard
Space Resources

The U.S. Air Force has awarded Lockheed Martin a 
$914 million contract to improve the way objects are 
tracked in space and increase our ability to prevent 

space-based collisions.
Lockheed Martin’s Space Fence solution, an advanced 

ground-based radar system, will enhance the way the U.S. 
detects, catalogs and measures more than 200,000 orbiting 
objects. With better timeliness and improved surveillance 
coverage, the system will protect space assets against poten-
tial crashes that could intensify the debris problem in space.

“Space-based technologies enable daily conveniences 
such as weather forecasting, banking, global communica-
tions and GPS navigation, yet everyday these critical ser-
vices are being threatened by hundreds of thousands of 

objects orbiting Earth,” 
said Dale Bennett, ex-
ecutive vice president of 
Lockheed Martin’s Mis-
sion Systems and Training 
business. “Space Fence 
will locate and track these 
objects with more preci-
sion than ever before to 
help the Air Force trans-
form space situational 
awareness from being re-
active to predictive.”

Lockheed Martin will deliver up to two advanced S-
Band phased array radars for the Space Fence program. 
The Space Fence radar system will greatly improve space 
situational awareness of the existing Space Surveillance 
Network. Construction of the new Space Fence system on 
Kwajalein Atoll in the Marshall Islands is slated to begin in 
early 2015 to meet the program’s 2018 initial operational 
capability goal. The total contract value is estimated at 
greater than $1.5 billion over an eight-year period of per-
formance if all options are exercised.

GA-ASI and Rohde & Schwarz Team 
to Develop Voice Communications 
Certifi cation for Predator B

General Atomics Aeronautical Systems, Inc. is a lead-
ing manufacturer of Remotely Piloted Aircraft (RPA) 
systems, radars, and electro-optic and related mis-

sion systems, and Rohde & Schwarz, the world’s leading 
manufacturer of wireless communications, Electromag-
netic Compatibility (EMC) Test and Measurement (T&M) 
equipment, and broadcasting equipment for digital terres-
trial television, announced that they have signed a Team-

The system will protect 
space assets against 
potential crashes 
that can intensify the 
debris problem in 
space.

Source: U.S. Air Force photo
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upon the company’s Block 5 Predator B aircraft capabilities 
and Advance Cockpit GCS layout. In April 2013, the com-
pany expanded its relationship with its German partner, 
RUAG Aerospace Services GmbH, to allow for increased 
collaboration in establishing compliance with NATO air-
worthiness standards. Similarly, the radio certifi cation ef-
fort with Rohde & Schwarz will be leveraged to market the 
aircraft jointly to U.S. and European government entities.

Harris Successfully Demos Mid-Tier 
Tactical Radio Providing Vehicular-Based 
Connections to Data and
Wideband Networking Services

Harris Corp. tactical radio systems successfully con-
nected soldiers on the move with their command 
headquarters during the initial demonstration of the 

U.S. Army’s new Mid-Tier Networking Vehicular Radio 
(MNVR) program.

The MNVR program is designed to seamlessly connect 
vehicular-based soldiers to the Army tactical network. The 
program can also extend Warfi ghter Information Network-
Tactical (WIN-T) services into the terrestrial network, pro-
viding enhanced throughput and range for communication 
requirements at the tactical edge.

Soldiers used the Harris Falcon III® AN/VRC-118 
MNVR solution, operating the JTRS Wideband Networking 
Waveform (WNW), to provide wireless enterprise services 
including email, tactical chat and rapid fi le downloads. The 
effort was conducted during the Army’s Network Integra-
tion Evaluation (NIE) 14.2 at Fort Bliss, Texas, in advance of 
initial delivery of production units in June of this year.

The Army awarded the $140 million MNVR contract 
to Harris in September 2013 following a competitive pro-
curement. The radios for this demonstration were deliv-
ered within six months of contract award.

“This successful demonstration represents a very im-
portant step for the Army in fi elding a critical mid-tier 
solution that will enhance the robustness of the tactical 
network,” said George Helm, president, Department of 
Defense business, Harris RF Communications. “This is the 
fi rst time soldiers have used the MNVR and government-
owned WNW in the fi eld for transmitting high-bandwidth 
tactical information. The performance of Harris’ AN/VRC-
118 MNVR solution with WNW sets the stage for a suc-
cessful limited user test this fall and showcases industry’s 
ability to quickly deliver breakthrough capabilities through 
full and open competition in tactical radios.”

The Harris AN/VRC-118 system provides two channels 
of tactical voice and data capability. In addition to WNW, 
the radio also operates the government-owned, open-stan-
dard Soldier Radio Waveform.
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METIS Task Group Defi nes 
World’s First 5G Channel Models

A n Anite-led task group within the Mobile and wire-
less communications Enablers for Twenty-twenty 
(2020) Information Society (METIS) project has 

published the world’s fi rst channel models for 5G. An es-
sential step towards further development of candidate 
5G technologies, the interim channel models were co-au-
thored by eight METIS partners and approved by other 
key members for publication.

Co-funded by the European Commission, METIS is a 
consortium of 29 key wireless industry players and the fi rst 
international and large-scale research activity on 5G. Its 
main objective is to lay the foundation for 5G and address 
the huge surge forecast in mobile data consumption and 
the advanced capabilities of wireless devices. 

5G has extremely challenging technical requirements 
which means that testing the radio channel is even more 
important compared to previous cellular technologies. It 
will adapt to various radio channel conditions in a more 

effi cient way, utilising all 
dimensions of the radio 
channel such as delay, 
frequency, time, location, 
elevation and polarization.

One of the METIS 
project’s overall technical 

goals is to provide a system concept that supports higher 
mobile data volume per area. Accurate radio channel mod-
el development enables higher data transmission volumes, 
which is why the defi nition of the radio channel model is 
seen as a key element in the development of 5G. The inter-
im 5G channel models are part of the METIS Deliverable 
D1.2 and generally available for 5G technology developers 
worldwide. 

ETSI and EIT ICT Labs to Boost ICT 
Innovation in Europe

The European Telecommunications Standards Insti-
tute (ETSI) and the European Institute of Technol-
ogy (EIT) ICT Labs, the Knowledge and Innovation 

Community of the EIT have signed a Letter of Intent that 
will help future entrepreneurs to foster innovation through 
standardization.

This initiative will focus on the standardization of results 
in various areas where both EIT ICT Labs and ETSI are 
developing activities, such as 5G, security and privacy, ur-
ban life and mobility and other areas of common interest. 
While the focus is on standardization the collaboration may 
include joint research and education activities too. ETSI 
brings in experts from all stakeholders of the Information 
and Communication Technology (ICT) world while the 
EIT ICT Labs co-location centres bridge the gap between 
academia and industry. 
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“Bringing together ETSI and EIT ICT Labs respective 
communities and experts is a way to leverage standardiza-
tion in Information and Communication Technology in Eu-
rope. Standards help to develop an eco-system for indus-
try, covering diverse and 
broader markets, which in 
turn leads to growing and 
successful businesses” said 
Luis Jorge Romero, ETSI’s 
Director General.

“It is the mission of EIT 
ICT Labs to bring innova-
tions to life. Standardization is an important tool in achiev-
ing this especially when it comes to platforms and infra-
structure solutions that are going to be deployed at large 
and will affect the life of hundreds of millions of people. 
The collaboration with an established player like ETSI in 
this is a great value for EIT ICT Labs and Europe,” said 
Willem Jonker, CEO EIT ICT Labs.

Experts Examine Harmonization for SRD 
and UWB Devices

A n ITU Workshop to facilitate the harmonization pro-
cess for the global use of short range devices (SRD) 
and Ultra Wide Band (UWB) technologies attracted 

key players from the radiocommunication industry, regu-
lators, operators, manufacturers and research institutions.

Discussions centred on the need for regional and world-
wide harmonization, in particular the identifi cation of suit-
able frequency ranges for these devices and new technolo-
gies along with international and national regulations to 
govern the conditions for their use.

Presentations on the status and developments of SRD 
and UWB systems were made by a number of experts, in-
cluding those from regula-
tory bodies, academia and 
industry. They included 
representatives from 
CEPT, the Asia-Pacifi c 
Telecommunity (APT), 
the European Telecom-
munications Standards In-
stitute (ETSI), the Regional Commonwealth in the Field 
of Communications (RCC), Airbus Industries, i4C Inno-
vations, and UWB Communication Systems and Solutions 
(URAXS).

“The explosive growth of short range devices and Ul-
tra Wide Band technologies in recent years has indicated 
an urgent need for worldwide harmonization to facilitate 
global adoption of these technologies,” said ITU Secretary-
General Hamadoun I. Touré. “This is especially relevant 
where applications such as telemedicine or airborne SRD 
cross national borders.”

Go to mwjournal.com for more international news items

InternationalReport
Richard Mumford, International Editor

“…the huge surge 
forecast in mobile 
data consumption...”
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BAE Systems and Airbus Defense and 
Space Form GEOINT Alliance

BAE Systems and Airbus Defense and Space have 
formed a strategic alliance to produce, market, and 
sell innovative geospatial intelligence (GEOINT) 

products and solutions using state-of-the-art satellite data 
collected exclusively by Airbus Defense and Space’s Ter-
raSAR-X® and TanDEM-X radar satellites.

Under the terms of the partnership, BAE Systems and 
Airbus Defense and Space will jointly aim to develop a 
new line of global synthetic aperture radar (SAR) prod-

ucts that are unrivalled in 
terms of accuracy, resolu-
tion, and quality. The two 
companies will exclusively 
market these jointly de-
veloped products to U.S. 
government, commercial, 
and select international 
customers.

“The Airbus Defense 
and Space radar satellite missions are collecting data of un-
precedented quality and accuracy on a global scale,” said 
DeEtte Gray, president of BAE Systems’ Intelligence & 

Security sector. “The products we are teaming to develop 
represent a major leap forward in SAR-based products and 
services that enhance various sophisticated applications.”

“BAE Systems’ expertise will leverage the SAR data 
we’re collecting into refined sets of geospatial intelligence 
products, that meet stringent U.S. government standards,” 
said Bernhard Brenner, senior vice president for Geo-In-
telligence at Airbus Defense and Space.
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503 Rev F

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-545G1+ 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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COUPLERS
Directional/Bi-Directional

495 rev C

from

$ 169
ea. (qty. 1000) 5 kHz to 12 GHz   up to 250W

Looking for couplers or power taps? Mini-Circuits has 
236 models in stock, and we’re adding even more! Our 
versatile, low-cost solutions include surface-mount 
models down to 1 MHz, and highly evolved LTCC 
designs as small as 0.12 x 0.06", with minimal insertion 
loss and high directivity. Other SMT models are designed 
for up to 100W RF power, and selected core-and-wire 
models feature our exclusive Top Hat™, for faster  
pick-and-place throughput.

At the other end of the scale, our new connectorized  
air-line couplers can handle up to 250W and frequencies 
as high as 12 GHz, with low insertion loss (0.2 dB @ 9 
GHz, 1 dB @ 12 GHz) and exceptional coupling flatness! 
All of our couplers are RoHS compliant. So if you need 
a 50 or 75 Ω, directional or bi-directional, DC pass or 
DC block coupler, for military, industrial, or commercial 
applications, you can probably find it at minicircuits.com, 
and have it shipped today!

279Now!

Mini-Circuits®

www.minicircuits.com    P.O. Box 350166, Brooklyn, NY 11235-0003   (718) 934-4500   sales@minicircuits.com
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the same time.” 
The vast majority of wireless connectivity chipsets – 60 

percent – will be stand-alone during 2014, and this share 
will increase to two-thirds of the market in 2019.  Inte-
grated platforms will remain relatively steady in share over 
the next five years.  In contrast, combo chipsets will remain 
steady in shipment volume, but fall in share. With regards to 
smartphones, Broadcom 
dominates combo chipset 
solutions and Qualcomm 
dominates integrated 
platforms with wireless 
connectivity. In the over-
all market, Broadcom, 
Intel, Marvell, MediaTek, 
and Qualcomm Atheros 
are all strong players in 
stand-alone Wi-Fi chip-
sets.  In the overall mar-
ket for stand-alone Blue-
tooth chipsets, Broadcom, 
MediaTek, and RDA are 
strong.  Broadcom is well 
ahead in the overall mar-
ket for combo chipsets.

“Wireless connectivity chipsets go into a vast array of 
types of products, and the dynamics of connectivity tech-
nologies and integration levels varies among them resulting 
in the aggregate effects we see,” added Solis.  “The tech-
nologies and integration level are going to be different in 
smartphones versus home automation versus other prod-
uct types in the Internet of Things.” 

GNSS IC Revenue Heading for $3B

The GNSS IC market continues to go from strength to 
strength with Cellular GNSS IC revenue alone fore-
cast to break $2 billon by 2016, with a host of second-

ary markets starting to emerge, according to ABI Research. 
This may help to explain why both Intel and Samsung have 
recently acquired GNSS IC design capabilities, creating 
competition for incumbents like Broadcom, Qualcomm 
and Mediatek.

The arrival of wearables, in-store advertising, ambient 
intelligence, IoE/IoT and the connected home has created 
a lot of justified excitement around indoor locations. How-
ever, GNSS is still an essential technology in tying these 
disparate networks together and remains the cornerstone 
of ubiquitous locations.

Senior analyst, Patrick Connolly comments, “Indoor 
locations will be a significant enabler for GNSS, driv-
ing growth in both commercial and personal asset track-
ing, the connected home and fitness/health. We also see 
consumer GNSS IC OEMs adopting sub-meter precision 
technologies, such as u-Blox’s PPP technology, which will 
open up markets around UAVs, machine control, timing 

Wireless Infrastructure Drives RF Power 
Semiconductor Markets to Well Over $1B

Spending on RF power semiconductors for the wire-
less infrastructure markets has taken another jump in 
2013. Other markets are seeing some moderation in 

growth as the global economic picture and political factors 
come into play but some sub-markets are showing a nice 
upside. Also, according to a new study from ABI Research, 
Gallium Nitride – long seen as the likely promising new 
“material of choice” for RF power semiconductors – is con-
tinuing its march to capture share, especially in wireless 
infrastructure.

“Gallium Nitride (GaN) is delivering increasing mar-
ket share in 2014 and is forecast to be a significant force 
by 2019,” notes ABI Research Director Lance Wilson. “It 
bridges the gap between two older technologies, exhibit-
ing the high frequency performance of Gallium Arsenide 
combined with the power handling capabilities of Silicon 
LDMOS. It is now a mainstream technology which has 
achieved meaningful market share and will capture a sig-
nificant part of the market in the future.”

The vertical markets showing the strongest performance 
outside of wireless infrastructure in the RF power semi-

conductor business are 
the defense oriented seg-
ments, which Wilson now 
describes as “a significant 
market” in total. Despite 
the poor press for defense 
oriented electronic hard-
ware, the actual perfor-
mance in 2013 was better 
than originally thought for 
some sub-segments.

Nearly 9 Billion Wireless Connectivity 
Chipsets to Ship during 2019 Alone

A nnual wireless connectivity chipset shipments 
across Bluetooth, Wi-Fi, NFC, GPS, and ZigBee 
show no sign of slowing down, reaching almost nine 

billion annual shipments in 2019, finds ABI Research. 
Had it not been for combo chipsets and integrated plat-
forms, the number of chipsets shipped would have been 
even higher. Cumulative chipset shipments from 2010 
through 2014 will have reached over 21 billion; during the 
next five years from 2015 to 2019, cumulative shipments 
will almost double to over 39 billion.  “That is over 60 bil-
lion wireless connectivity chipsets that will have shipped 
over the ten year span from 2010 to 2019, driven by the 
emergence of new device types,” said research director 
Philip Solis. “There is constant change in the wireless 
connectivity space across wireless connectivity technolo-
gies, versions of technologies, and levels of integration at 

Go to mwjournal.com for more commercial market news items

CommercialMarket
Cliff Drubin, Associate Technical Editor
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and synchronization, ADAS and the driverless car, etc. As 
a result, total GNSS IC revenues are set to hit $2.75 billion 
in 2019.”

VP and practice director Dominique Bonte adds, 
“From an automotive perspective, the connected car, info-
tainment, insurance, telematics/diagnostics and safety will 
all increase adoption of GNSS. We can expect to see cars 
fitted with multiple GNSS ICs in the future. Furthermore, 
there are strong signals that satellite constellations such 
as Galileo and GLONASS will become mandatory for re-
gional automotive applications such as emergency calling.”

Global Wi-Fi Hotspots Will Grow to 7.1 Million 
in 2015 as a Method to Offload Traffic

Worldwide Wi-Fi deployments reached a total of 4.2 
million hotspots in 2013, and will continue to grow 
at a CAGR of 15 percent between 2013 and 2018, 

exceeding 10.5 million. Among the global Wi-Fi hotspots, 
68.6 percent of Wi-Fi is in Asia-Pacific, followed by 12.3 per-
cent in Latin America, 9 percent in Europe, 8.7 percent in 
North America, and 1.4 percent in the Middle East and Afri-
ca. The numbers include Wi-Fi hotspots deployed by mobile 
and fixed-line carriers as well as third party operators.

“The mobile data growth has boosted the build-out of 
Wi-Fi hotspots, as it is expected that the global mobile 

data traffic will grow to 190,000 petabytes in 2018, from 
23,000 petabytes in 2013,” comments Marina Lu, Re-
search Analyst at ABI Research. “Wi-Fi helps to offload 
3G/4G mobile Internet users to Wi-Fi networks, which is 
a more cost-effective method for both mobile carriers and 
mobile users.”

In Asia-Pacific, China alone has deployed 620,000 Wi-
Fi hotspots, of which 420,000 have been built by China 
Mobile, followed by China Telecom with 128,000 hotspots, 
and China Unicom with 72,000. In Latin America, Bra-
zil’s carrier Oi has completed its target of 500,000 Wi-
Fi hotspots by the end of 2013, ahead of the 2014 FIFA 
World Cup.

By deploying Wi-Fi, fixed-line operators can maximize 
their assets in terms of coverage, capacity, and customer 
experience. “Wi-Fi also represents a good opportunity for 
fixed-line operators to join in the mobile broadband field. 
The UK fixed-line operator BT with 200,000 of Wi-Fi 
hotspots (excl. homespots) is also providing Wi-Fi roaming 
services to mobile operators and other Wi-Fi providers,” 
adds Jake Saunders, VP and practice director of core fore-
casting. Apart from the mobile and fixed-line carriers, the 
third party operators are also broadening their Wi-Fi net-
work coverage, such as FON, provided access to more than 
12 million Wi-Fi hotspots worldwide at the end of 2013 - 
either through its own Wi-Fi hotspots, or by securing retail 
access to the Wi-Fi hotspots of its carrier partners.
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MERGERS & ACQUISITIONS
Analog Devices and Hittite Microwave Corp. announced 
that the two companies have entered into a defi nitive agree-
ment whereby ADI will acquire Hittite for $78 per share in 
cash. The closing price of Hittite’s common stock on June 6, 
2014 was $60.56 per share. This agreement refl ects a total 
enterprise value for Hittite of approximately $2 billion. ADI 
expects to fund the acquisition through a combination of cash 
on hand and short-term debt fi nancing. The Boards of Direc-
tors of each company have approved the transaction, which 
is expected to close near the end of ADI’s third fi scal quarter 
of 2014, subject to regulatory approvals and other customary 
closing conditions. The transaction is expected to be accretive 
to ADI’s non-GAAP earnings per share.

Cobham plc announced that it has entered into a con-
ditional agreement to acquire Aerofl ex Holding Corp.
(“Aerofl ex”) for $10.50 per Aerofl ex share in cash following 
completion, giving the proposed transaction an enterprise 
value of approximately $1,460m (£869m). This comprises 
the total issued and outstanding shares of common stock 
of Aerofl ex and the total outstanding restricted stock units 
and performance restricted stock units, which are valued 
at approximately $920m (£548m), together with Aerofl ex’s 
net debt of $540m (£321m) at 31 March 2014.

Avago Technologies and LSI Corp. announced that Avago 
has completed its acquisition of LSI Corp. for $11.15 per 
share in an all-cash transaction valued at approximately 
$6.6 billion. The acquisition creates a highly diversifi ed 
semiconductor market leader with approximately $5 bil-
lion in projected annual revenues.

RFMW Ltd. announced the acquisition of Axomic Pte 
Ltd, a specialized RF and microwave component supplier 
for Southeast Asian customers. The agreement increases 
RFMW’s global footprint and enhances their corporate 
standing as an RF focused, technically profi cient distribu-
tion organization catering to both highly technical and fo-
cused customers and suppliers.

COLLABORATIONS
Auriga announced that Agilent Technologies Inc. has desig-
nated Auriga Microwave a Global Solutions Partner, Agilent’s 
highest level status for their Solution Partner program.

Remcom announced a strategic partnership with AR 
Europe, a supplier of power amplifi ers, antennas, and 
EMC testing equipment and support. The partnership will 
expose Remcom’s electromagnetic simulation software and 
services to a broader audience and make its solutions more 
easily accessible to European customers.

T-Tech Inc. and The Geek Group announced a joint agree-
ment to offer a state of the art solution and facility for rapid 

printed circuit board (PCB) design, verifi cation and fabrication. 
The collaboration will combine T-Tech’s QCJ5 series Quick Cir-
cuit System and IsoPro® Software for PCB prototyping with 
The Geek Group’s expertise and 43,000 square foot Leonard 
Street Labs Facility in Grand Rapids, Michigan. This combina-
tion is expected to represent the fi rst makerspace in the United 
States with a turnkey rapid PCB prototyping solution.

STMicroelectronics and Samsung Electronics Co., Ltd. 
have signed a comprehensive agreement on 28 nm Fully 
Depleted Silicon-on-Insulator (FD-SOI) technology for 
multi-source manufacturing collaboration. The licensing 
accord provides customers with advanced manufacturing 
solutions from Samsung’s state-of-the-art 300 mm facili-
ties and assures the industry of high-volume production 
for ST’s FD-SOI technology. FD-SOI technology at 28 nm 
delivers faster, cooler, and simpler semiconductor devices 
to meet the continuing demand for higher-performance, 
lower-power systems-on-chips for next-generation elec-
tronic products, such as mobile and consumer applications.

Towerstream Corp. announced a small cell services 
teaming agreement with Alcatel-Lucent, enabling a one-
stop solution for carriers to deploy small cell wireless in-
frastructure.

Arrow Electronics, Inc. announced the availability and 
full design support capabilities for the expanded line 
of MLS fl atpack aluminum electrolytic capacitors from 
Cornell Dubilier. The new additions to the MLS Series 
includes a high-vibration package (HVMLS) and a high-
reliability burn-in option (HRMLS). The new devices are 
ideally suited for military and commercial fl ight-based 
power systems that require high-energy density, rugged 
capacitors for bulk storage. Prior to these new Cornell Du-
bilier devices, relatively expensive wet tantalum capacitors 
were the only type suited for these environments.

ACHIEVEMENTS
API Technologies Corp. announced the receipt of a stra-
tegic development order for a multi-channel microwave 
front end system. This integrated microwave assembly 
(IMA) will be used in a next generation radar warning re-
ceiver targeted for use in major Department of Defense 
military aircraft platforms.

Superconductor Technologies Inc. was awarded 
U.S. Patent No. 8,716,187, entitled “RF-Properties-
Optimized Compositions of (RE) Ba2Cu3O7-8 Thin Film 
Superconductors” from the U.S. Patent and Trademark 
Offi ce (USPTO). This patent further enhances the com-
pany’s intellectual property portfolio that supports the 
Conductus(R) superconducting wire program.

TriQuint Semiconductor, Inc. announced that its advanced 
fi ltering solutions and multi-band, multi-mode PA modules 
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(MMPAs) for LTE smartphones have captured nearly 20 
reference design wins with all six major chipset providers in 
greater China. In other news, TriQuint announced the ap-
pointment of Upstar Technology as its new distributor in 
China for TriQuint high-performance mobile products.

PEOPLE
Skyworks Solutions, Inc. announced that the board of di-
rectors has elected David J. Aldrich chairman of the board 
and CEO of Skyworks. David J. McLachlan, prior chair-
man, will remain a member of Skyworks’ board of directors 
and has been designated as lead independent director. 

Agilent Technologies Inc. announced 
that Jay Alexander has been named Key-
sight Technologies’ chief technology offi -
cer. Agilent announced in September 2013 
that it would separate into two publicly 
traded companies in 2014. Agilent’s Elec-
tronic Measurement Group is expect-
ed to begin operating as Keysight 

  Jay Alexander Technologies in August 2014. Alexander’s 
appointment is effective immediately.

Paul Hart was recently promoted to se-
nior vice president and general manager 
of Freescale RF. Hart joined Motorola 
Semiconductor as an RF engineer in 
2001. He has been responsible for the 
development and new product intro-
duction of the digital front end product 
family and has led the engineering ef-
forts that have sharpened the company’s 

  Paul Hart
focus on next generation PA architec-

tures, radio algorithms and radio system integration, and 
RF PA customer reference designs. Hart’s deep customer 
relationships and technical expertise cultivated during his 
tenure at the company position him well for this new role. 

DelfMEMS announced the appointment of industry vet-
eran, David Doyle, as vice president of sales and market-
ing. He joins the company from MEMS innovator, Baolab 
Microsystems where he was CEO, and his previous expe-
rience includes executive management positions at ARC 
International and Motorola Semiconductor amongst others.

Transline Technology announces the 
expansion of its West Coast opera-
tions.  Alex Cox, the company’s new-
est local sales engineer, will lead this 
effort from his San Francisco Bay 
Area office. Alex brings 19 years of 
technical sales experience in the elec-

  Alex Cox tronics industry and has extensive 
working knowledge of defense aerospace, wireless, RF 
microwave, telecommunication, and semiconductor ap-
plications. Immediately prior to joining Transline Tech-
nology, Alex amassed a decade of hands-on experience 
with a major electronic equipment company.  During 
that tenure, he provided R&D, electrical, and design 
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engineering teams with highly-responsive engineering 
and customer service support.

Rep Appointments
A1 Microwave Ltd announced a number of new appoint-
ments of representatives for their filters and waveguide as-
semblies business; EMA for Florida, Georgia, North and 
South Carolina, Maryland, Delaware, Virginia, Mississippi, 
Alabama, Tennessee, MC Microwave for Northern 
California and S&S Technology for Southern California. 
A1 Microwave continues to grow its business in the USA 
and is looking for representatives for Texas, New York, 
New Jersey, and New England territories.

Arrow Electronics, Inc. announced that its RF & Pow-
er business will distribute products in the Americas from 
Telegesis Ltd., a U.K.-based company that specializes 
in ZigBee RF modules and firmware. Telegesis’ product 
range features its core product family of ZigBee modules, 
as well as ZigBee USB sticks and a ZigBee-to-Ethernet 
gateway. Firmware for these products includes standard-
compliant ZigBee Smart Energy and Home Automation 
profiles. Telegesis also offers support for custom ZigBee 
hardware and firmware, and management of ZigBee, EMC 
and safety certifications for customers’ end products.

Custom MMIC is pleased to announce the appointment 
of Spartech-South as their technical sales representative 
in the southeastern states of the United States. Spartech-
South’s principals manufacture RF, microwave, and high 
frequency digital signal processing products and provide 
coverage in Florida, Georgia, Alabama, North Carolina, 
South Carolina, Tennessee and Mississippi.

Intercept Technology Inc. announced its newest autho-
rized reseller, Hankuk Valence Co. With over 25 years 
of experience in the electronics industry, Hankuk Valence 
plans to increase its customer base by expanding sales with 
Intercept’s EDA software solutions. Intercept’s EDA soft-
ware solution provides users with scalable design and en-
gineering software that can be tailored for simpler designs 
to the most complex PCB, RF, Hybrid and mixed signal 
boards, panels, and panel arrays.

Peregrine Semiconductor Corp. announced the addi-
tion of six new sales channel partners in the EMEA and 
Asia Pacific regions. The channel partners have been ap-
pointed to drive design wins for UltraCMOS high perfor-
mance analog (HPA) products in these important markets. 
To serve EMEA, Peregrine has appointed Interlligent, 
Link Microtek and Vostock. In the Asia Pacific region, 
Peregrine has appointed Asiacom, Tecnomic and Acromax.

RFMW Ltd. and Delta Electronics Manufacturing Corp. 
announced a worldwide distribution agreement effective 
immediately. Delta Electronics offers a full range of RF/Mi-
crowave and Millimeter wave interconnects. The agreement 
authorizes RFMW to stock, promote and sell Delta’s comple-
ment of RF connectors and cable assemblies. The company’s 
7/16, BNC and N types, along with their high frequency com-
ponents have expanded to include PIM sensitive offerings.

Practical Considerations for Low Noise 
Amplifier Design

The Value of Temperature-Dependent RF 
Microwave Probing in Superconducting 
Device Research

Simplifying Millimeter Wave IMD 
Measurements Using VNA Setups
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Interoperability Enables a 
Complete RFIC/Package/
Board Co-Design Flow
Juergen Hartung
Agilent Technologies, Santa Clara, CA

The demand for mobile communication 
devices has grown dramatically in re-
cent years, further taxing an already dif-

ficult design process. Adding to the stress is the 
need for multi-standard support at higher and 
higher data rates and new applications at mm-
wave frequencies. Product form factors are 
shrinking and designs must be lower cost, have 
a tighter power budget and higher electrical 
performance. Just as critical, those designs and 
subsequent products are being constrained by 
shrinking design cycles.

The main challenge is no longer the imple-
mentation of the RFIC itself, but its integra-
tion into the overall system—which could be a 
single package, some type of chip-level wafer-
scale package, or a module/System-in-Package 
(SiP)—while still ensuring that the system 
meets tight performance requirements when 
measured on a reference board. Addressing 

these challenges requires a holistic approach 
with a complete, interoperable tool flow and 
design methodology; one that provides enough 
flexibility to accommodate the varying integra-
tion types, underlying process technologies 
and customer-specific design constraints that 
may change from one product generation to 
the next or across applications.

An Interoperable Co-Design Flow
Traditionally, MMIC and silicon RFIC de-

signers have worked independently. Their 
designs have been created, simulated, imple-
mented, and verified separately using different 
tools, methods and flows. Cadence Virtuoso is 
a widely used platform for silicon-CMOS de-
sign, especially for larger analog/mixed-signal 
applications. Agilent ADS is a leading tool for 
gallium-arsenide (GaAs) and gallium-nitride 
(GaN) MMIC design.
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While there is 
already a need to 
interface between 
the two worlds, 
the move from 
III-V materials to 
silicon for compo-
nents (e.g., antenna 
switches in CMOS-
SOI) and the in-
crease in mm-wave 
silicon applications 
for wireless HDMI 
and radar, further 
blurs the bound-
ary between these 
tools and the spe-
cific jobs for which 
they should be 
used. Which tool to 
use and when was 
previously deter-
mined by a variety 
of factors, includ-
ing: designer pref-

erence, process design kit (PDK) support, circuit type, or 
even just historical factors like what the designer may have 
used in the past and whether that experience was a good 
one, rather than how the designer might best accomplish a 
given task.

A one-size-fits-all tool is not realistic given the 
breadth of applications and processes. Going beyond the 
IC level, the need for solutions across design domains 
becomes even more obvious. Conventional IC layout 
tools are 2D and only allow a single (silicon) substrate 
carrier for drawing devices and interconnects, while a 
tool like ADS enables multi-technology design and the 
integration of parameterized 3D components.

In order to provide the best design support at any given 
time, a true interoperable co-design flow is required. What 
is co-design? Simply put, a co-design environment allows 
the designer to validate and optimize the overall system, 
including the interfaces between the connected compo-
nents (e.g., IC-to-IC, IC-to-package or package-to-board).

In the past, a great deal of effort was spent integrating a 
certain capability (tool) into a widely used platform or pro-
viding import/export links between the two environments. 
Several years ago, however, OpenAccess was introduced 
as a new common database for custom IC design. Since 
then it has become the de-facto standard, with most EDA 
vendors now supporting it. Additional efforts like the intro-
duction of iPDKs have followed with the goal of enabling 
interoperability between EDA tools.

These efforts have provided tools like ADS and Virtu-
oso enhanced interoperability, and enabled them to pres-
ent designers with a true interoperable co-design flow. 
Using this flow, designers working at the schematic level 
can now open a single OA schematic view in Virtuoso or 
ADS, modify it, simulate it, and then bring it up again in 
the other environment. At the layout level, designers can 
open a Virtuoso layout view in ADS, assuming the SKILL 
pcells are flattened.

s Fig. 1  EM simulation of parts of the 
RFIC together with the QFN package and 
the board.

s Fig. 2  Fan-out wafer-level package test structure with integrated 
passives (a) and 3D view including solder balls and board traces (b).

Now the question is: How does this help designers ad-
dress the challenges associated with designing today’s wire-
less front-ends? To answer that question, we’ll show three 
different examples of how RFICs are currently being inte-
grated (an RFIC in a QFN package, a flip-chip wafer-level 
chip-scale package and an RF module) and how the pro-
posed interoperable co-design flow can be used to address 
them. All three examples have the same design require-
ments.

Validating an RFIC, Including QFN Package 
and Board Effects

RFICs are typically put in surface mount technology 
(SMT) packages with maximum operating frequencies 
of up to about 45 GHz. The most popular package style 
for radio and microwave frequency ICs is the quad flat 
no-leads (QFN) package.1 At higher frequencies, the 
series inductance of the RF signal bond wires and the 
overall grounding inductance (IC, package and board) 
are two examples of the challenges designers need to 
consider.

Figure 1 shows the layout of a transceiver IC in Vir-
tuoso. The pad ring, along with the top-level intercon-
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puts changes and would require cir-
cuit retuning.

Enabling Fan-Out Wafer-
Scale-Package Co-Design

Wafer-level chip scale packages 
(WLCSP) are becoming more and 
more popular as a way to reduce RF 
parasitics and overall design size, 
while improving performance. In flip-
chip wafer-level packages, solder balls 
are directly put on top of the silicon 
die and connected by metal traces 
in one or more re-distribution layers 
(RDLs.) This is then mounted directly 
onto the board with the surface of the 
die facing down. In so-called fan-in 
configurations, the resulting “pack-
age” is truly chip scale, while with fan-
out, the die is embedded in a mold-
ing compound that allows a higher 
I/O count without being limited by 
the actual die size. Fan-out configura-
tions also allow for multiple dies to be 
embedded within the molding com-
pound and enable larger, more highly 
integrated systems.2

Figure 2 shows a layout of a fan-
out wafer-level package CMOS IC 
along with two embedded inductors 
over the molding compound. Even 
without considering the 3D nature of 
the solder balls or taking the board 
into account, this configuration can-
not be captured in a classical (2D) IC 

From the full configuration (shown 
as a 3D image from ADS), a 3D finite-
element method (FEM) simulation is 
launched that captures the complete 
couplings in the resulting S-parame-
ter file. An EM/circuit co-simulation 
could also be launched from the cor-
responding schematic test bench to 
minimize parasitic effects or optimize 
the grounding path, while considering 
additional coupling from the package, 
or how the matching at the RFIC out-

nects from the low noise amplifier 
(LNA) to the power amplifier (PA), 
are saved as a layout cellview in Vir-
tuoso and opened in ADS. This part 
of the IC is put into a QFN package, 
which is available in ADS as a “pcell.” 
The designer does not need to draw 
any package layout other than adding 
the bondwires to the chip and placing 
it on a reference board that includes 
parameterized 3D models for connec-
tors.

s Fig. 3  PA module.
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4-layer laminate with additional sur-
face mount devices and embedded 
passives. The main design challenge 
here is to understand and address any 
potential problems coming from the 
interface between the IC technolo-
gies. Since design cycles are very short 
in the commercial wireless space, it is 
necessary to predict and solve these 
problems up front so that demanding 
product sampling schedules can be 
met.

Assume that the GaAs PA was 
implemented front-to-back in ADS 
and the digital control IC was imple-
mented in Virtuoso. The RF section 
of the SOI switch was done in ADS in 
order to model the EM effects on the 
device, while the analog portion was 
done in Virtuoso. With the interoper-
ability support described earlier, the 
RF module designer can now easily 
bring the design collateral together 
and co-design the system with full fi-
delity.

For example, the switch IC de-
signer may design a circuit that meets 
a receiver isolation requirement, only 
to find out that at the module level, 
adjacent wire coupling degrades this 
isolation. The switch designer can 
now co-design the switch within the 
SOI and laminate technologies si-
multaneously; that is, the designer 
can investigate whether spacing of 
IC pads would help, if another series/
shunt device should be added, or if a 
flip chip approach would yield better 
isolation.

An automated EM/circuit co-sim-
ulation flow, like that in ADS, makes 
it very efficient to mix and match dif-
ferent levels of the design hierarchy 
and manage what should be covered 
by the EM simulator or if existing 
schematic representations, models or 
even parasitic extracted views are be-
ing used. Also critical for such appli-
cations is an electro-thermal simula-
tor, which provides “thermally aware” 
simulation results that account for 
thermal coupling between devices, as 
well as heat transfer through the die 
and packaging.

An important element of the flow 
is the efficient back-annotation of the 
extracted model or S-parameter data 
files to the top-level test bench for a 
parasitic re-simulation. As an exam-
ple, Figure 4 shows the PA module 
top-level test bench in ADS with look-

Implementation of an RF 
Module

RF front-end modules are a final 
example used to describe the design 
challenges of multi-technology sys-
tems in more detail. Figure 3 shows 
a typical PA module with 3 die—a 
GaAs HBT PA in a WIN process, 
Silicon-on-Insulator (SOI) transmit/
receive switch in a CS18 process from 
TowerJazz and a control IC—on a 

layout tool. The 3D view of an excerpt 
of a test structure, including true 3D 
solder balls and the test board, is also 
shown in Figure 2. Simulation results 
of the complete configuration con-
firmed a noticeable shift compared to 
simulations where the test structure 
needed to be split into an on-die and 
a molding area and without consider-
ing the solder balls or test board in-
terconnects.
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modules and transceivers. Despite 
this, the need for and importance of 
an interoperable, co-design flow does 
not go away. Instead, it becomes even 
more crucial. Use of this flow is the 
only way to reconcile aggressive time-
to-market demands, complex cost 
structures and challenging tradeoffs 
in system architecture.■
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co-design flow is so critical to confi-
dently and efficiently designing RF-
ICs and integrated packaging configu-
rations. The design process manages 
the electrical and physical interfaces 
between design components across 
all of the associated design domains. 
In the future we will see continued 
trends toward increased integration, 
such as further PA module integra-
tion in SOI technologies, as well as 
tighter integration between front-end 

alike symbol for the laminate. Having 
all the design collateral in a single da-
tabase not only allows quick setup and 
EM simulation, but also easy usage of 
the results across the design hierarchy, 
like capturing die to laminate interfer-
ences.

Conclusion
Based on the three different appli-

cation examples presented, it is easy 
to understand why an interoperable 

s Fig. 4  PA module top-level test bench in 
ADS with look-alike symbol for the laminate.
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Modern RF instrumentation is heavily dependent on switch technology. As both 
power consumption and space requirements shrink, selecting the appropriate 
switch solution becomes increasingly important. This article provides an 
overview of RF switches and considerations for selection based on function within 
the RF instrument.

OVERVIEW OF TECHNOLOGIES
Solid State Switches

Solid state switches can be divided into two 
primary categories: diode and field-effect 
transistor (FET). PIN diode switches are 

generally realized using discrete implementa-
tions and are known for higher power handling 
and fast switching speed, but the fairly complex 
biasing schemes and high levels of DC power 
required are significant disadvantages, espe-
cially for battery-operated instrumentation. 
PIN diodes require a forward current through 
the device to establish a low series resistance. 
This direct injection of DC current into the RF 
channel limits low-frequency operation.

FET-based switches are more commonly 
found in integrated solutions because the 
switching behavior is voltage-dependent. The 
control voltage applied to the gate of the FET 
“switches” the channel from a low-resistance 
“on” state to a high-resistance, capacitive “off” 
state. Three-terminal FET devices feature 
minimal DC power consumption and separate 
gate control of the channel. The high imped-
ance of the gate supports a broadband re-
sponse, but the FET is still frequency limited 
by finite capacitance between the RF channel 
and the gate terminal, as well as channel ca-
pacitance when the device is in the “off” state.

There are two distinct FET types commonly 
used in industry today: MESFETs and MOS-
FETs. MESFETs are fabricated using gallium 
arsenide (GaAs) and gallium nitride (GaN) 
processes, while MOSFET devices are com-
monly silicon-based. A primary distinction be-
tween the two types is the asymmetric behavior 
of the MESFET gate to applied voltage.

Electromechanical and MEMS Switches
Electromechanical (EM) switches use a dif-

ferent mechanism than their solid state coun-
terparts. In an EM switch, a metal contact is 
actuated to make or break the connection. This 
technology offers the advantages of low inser-
tion loss, high isolation, and high linearity.1 

Emerging microelectromechanical systems 
(MEMS) switch technology attempts to deliver 
the advantages of traditional EM switches, but 
in a small form factor. MEMS switches employ 
micro-miniaturized mechanical contacts con-
trolled by electrostatic forces to make RF con-
nections.1, 2

PERFORMANCE CATEGORIES
No single switch solution can satisfy all of 

the various requirements for each application. 
Frequency range, power handling, linearity, 
switching speed, insertion loss, isolation, video 
feedthrough, power consumption, and reli-
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cal. “Switching time” is described as 
the RF signal rise time through the 
switching elements (typically the 10  
to 90 percent transition). The com-
plete turn-on time (tON) includes the 
delay of the internal bias circuitry and 
is typically defined as 50 percent of 
control signal to 90 percent of output 
signal. Conversely, the turn-off time 
(tOFF) is defined as 50 percent of con-
trol to 10 percent of output. PIN di-
ode and FET switches can switch on 
the order of microseconds or nanosec-
onds, whereas EM switches typically 
take much longer (on the order of mil-
liseconds).

Another important switching time 
definition, especially in amplitude-
sensitive applications, is the time 
period beyond the 10 to 90 percent 
switching and is commonly referred 
to as the “settling time.” This period is 
defined for amplitude settling within, 
for instance, 0.1 or 0.05 dB of the final 
value. GaAs switches have relatively 
long gate lag periods due to charge 
trapped in the channel, but progress 
is being made to reduce this settling 
delay with improved device structures 
and biasing schemes.

Related to device switching is re-
peatability. The insertion loss of me-
chanical switches can vary from cycle 
to cycle due to contact surface effects. 
In comparison, solid state switches are 
generally more repeatable, but can 
suffer from variations in insertion loss 
over temperature, process, and bias 
levels.

Insertion Loss
Insertion loss defines the amount 

of signal attenuation that occurs for a 
given switch path. The insertion loss 
of a basic single-pole-double-throw 

ogy, MEMS switches can also operate 
down to DC; however, more attention 
must be paid to the maximum current 
carrying capabilities of the conductor 
to avoid fusing the switch.

Power Handling and Linearity
Power handling has come a long 

way from being just a simple maxi-
mum current or voltage rating for a 
switch element. Today’s extremely low 
energy-per-bit modulation schemes, 
such as 16,384-QAM of DOCSIS 3.1, 
and increased potential of self-jam-
ming, as in LTE-A Band 5 and 13, re-
quire the RF switch to perform excep-
tionally well at peak power levels to 
meet in-band error vector magnitude 
(EVM) requirements as well as adja-
cent and out-of-band metrics. Out-
of-band harmonics, adjacent channel 
leakage ratio (ACLR), and spurious 
levels are critical in today’s communi-
cation schemes.

Power handling is determined by 
the voltage or current limitations of 
the fundamental device technology. 
Linearity assesses the ability of the 
switch to faithfully transfer a signal 
without distortion. Common metrics 
are third-order intermodulation prod-
ucts and generated harmonics.

An important consideration is the 
ability of the technology to scale to 
power requirements. In MOSFET 
switches, this is commonly achieved 
by stacking multiple devices to sup-
port the maximum voltage level. A 3 
V device requires a stack of four to 
support a 30 dBm (1 W) 50 ohm ref-
erenced RF signal. Multiple devices 
in series increase the total channel 
resistance, which is compensated by 
increasing the gate periphery of each 
individual device.

Compression characteristics can 
also affect linearity metrics where 
AM-AM distortion maps into non-
linear behavior and increases EVM. 
The soft compression behavior of 
MESFET devices is a drawback ver-
sus MOSFET devices, which have a 
definitive breakdown characteristic. 
Figure 1 compares a MESFET- and a 
MOSFET-based WiFi switch showing 
sharper compression of the MOSFET 
device.

Switching Speed
For certain systems, the switch-

ing speed of an RF switch is criti-

ability are important considerations in 
determining which technology to use.

Frequency Coverage
Operating frequency is often one of 

the first considerations when selecting 
an RF switch for a given application. 
This category is multifaceted in that 
several other performance metrics, 
such as power handling and linearity, 
are dependent on frequency.

Low-frequency performance is 
another consideration that is equally 
important. The frequency response of 
FET and PIN diode switches is influ-
enced by external components, such 
as RF bias chokes and DC-blocking 
capacitors. Even though a switch may 
be specified to operate at very low fre-
quencies, the frequency response of 
DC-blocking capacitors may limit its 
ability to do so. Careful selection of 
these external components is neces-
sary to preserve switch performance.

PIN diode switch performance de-
grades at low frequencies, where the 
diode no longer behaves like a vari-
able resistance, but begins to function 
as a PN junction diode that rectifies 
the signal, thereby degrading switch 
linearity. The frequency at which this 
transition occurs is not clearly de-
fined, but performance degradation 
can usually be avoided by operating 
the PIN diode above the transit time 
frequency of the device (fc), which 
depends upon its physical size per the 
equation:2,3,4,5

>
πτ

f
1

2
(1)c

where:
f = transit time frequency (Hz);
τ = transit time of device (s).
FET-based switches have the ca-

pability of operating down to very 
low frequencies;2 however, power 
handling degrades due to the impact 
of the FET’s reactance on the gate.6 
At the high end, GaAs FET switches 
have operating frequencies extending 
beyond 50 GHz. PIN-based switches 
are available with operating frequen-
cies in excess of 70 GHz.

EM switches can operate all the 
way down to DC, as their inher-
ent metal-to-metal switch contacts 
have no fundamental limitation to 
low-frequency operation or the pass-
ing of DC signals. As a miniaturized 
advancement of EM switch technol-

s Fig. 1  Compression characteristic of a 
MESFET versus a MOSFET WiFi switch 
showing the sharper compression behavior of 
the MOSFET device.
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handling on transmit paths and mini-
mal loss and increased isolation on re-
ceive paths. Narrowband tuning tech-
niques can be leveraged to minimize 
capacitive effects and recover much of 
the insertion loss degradation over a 
10 to 20 percent bandwidth.

Isolation
Switch isolation is defined by the 

transmission of an RF signal to the 
disengaged throws of the switch. 
Ideally, the entire input signal flows 
from the input to the desired output; 
however, in reality, some of this sig-
nal leaks to the undesired outputs.4 
A PIN diode or FET impedes signal 
flow through the device when it is not 
in its conducting state; when reverse 
biased, the device presents a high 
resistance. An EM or MEMS-based 
switch achieves isolation by physically 
disconnecting the metal-to-metal con-
tact of the conduction path.

The non-conducting states of these 
devices, however, are not perfect, 
with non-idealities, such as parasitic 
capacitances that degrade the ability 
to impede signal flow. For series PIN 
diodes, the presence of a parallel junc-
tion capacitance degrades isolation 
between its terminals at higher fre-
quencies. In general, a smaller junc-
tion capacitance yields higher signal 
rejection.3,4 For FETs, capacitance 
between the drain and source intro-
duces similar frequency-dependent  
effects on isolation.2,6 For EM and 
MEMS-based switches, isolation is 
determined by the separation distance 
between switching contacts; greater 
distance yields higher isolation.

For each switch technology, differ-
ent topologies can be employed to im-
prove isolation. One primary example 
is the combination of series and shunt 
switching elements: when a switch 
path is disengaged, the series element 
is biased in the isolation state and the 
shunt element is biased in the conduc-
tion state, which essentially shorts the 
input signal to ground.2,4,6 Both PIN- 
and FET-based switches are available 
with low-frequency isolation as high 

(SPDT) switch can be divided among 
three major factors: (1) resistive loss 
caused by the finite resistance of the 
“on” channel; (2) reflective loss due to 
the resistance RON added to the load 
impedance; and (3) signal leakage 
through any “off” path device capaci-
tance. Figure 2 compares the total 
insertion loss of a switch to that due to 
its “on” resistance.

Any change to reduce either the 
“on” resistance or the “off” capaci-
tance while holding all other parame-
ters constant would be beneficial. The 
switch figure of merit (RON·COFF) pro-
vides a means of comparison between 
different technologies, where a lower 
figure of merit will result in lower in-
sertion loss. Table 1 shows the figure 
of merit for common solid state switch 
technologies. EM and MEMS switch-
es typically offer very low insertion 
loss and have lower figures of merit 
than their solid state counterparts. It 
is important to note that RON·COFF/
VMAX is sometimes used instead to 
capture differences in the maximum 
device voltage between processes. A 
drop in RON may be accompanied by a 
drop in VMAX, and this may negate the 
RON improvement if power handling 
is a critical parameter.

To achieve broadband insertion 
loss performance at high frequencies, 
the challenge is in managing the “off” 
device capacitance. This is commonly 
done by reducing device size while 
accepting degradation in the mini-
mum insertion loss at low frequen-
cies. Sometimes asymmetric switch 
architectures are used to optimize for 
unique frequency bands or to optimize 
insertion loss and isolation for distinct 
paths, such as minimal loss and power 

s Fig. 2  Insertion loss versus switch Ron.
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also be relatively high and may con-
sume high DC power while requiring 
large and complex filter networks to 
combat video feedthrough and other 
noise from coupling into signal paths.

Control circuits for voltage-con-
trolled FET devices are generally 
simpler and require lower power, but 
often have a fixed RC delay that limits 
switching speed. There is design flex-
ibility in setting the switching speed 
with possible tradeoffs in low-frequen-
cy power handling and insertion loss. 
Additional components, such as block-
ing capacitors, may need to be placed 
in the signal path due to the common-
mode level requirements needed to 
ensure proper channel control.

Many solid state switch solutions 
are available with integrated bias and 
control. This reduces system cost and 
complexity, but can impact perfor-
mance and limit flexibility. For exam-
ple, some parts use integrated charge 
pumps to generate the internal bias 
levels needed for switching; however, 
charge pump spurs can be injected 
into the RF signal.

Reliability and Lifetime
Reliability and lifetime are critical 

when selecting switches for applica-
tions that require repeated switching 
or expose the device to harsh or un-
controlled environments. EM switches 
have limited lifetimes due to their me-
chanical switching mechanisms. Nor-
mal wear and tear over time will cause 
these structures to degrade. Solid-state 
switches provide the unique advantage 
of never wearing out by simply being 
switched under normal operating con-
ditions, since no moving parts are used. 
For these switches, life expectancy is 
determined by overall time in opera-
tion, not the number of switching cy-
cles. When used within specifications, 
solid state switches can exceed 500 mil-
lion cycles, whereas EM switches typi-
cally endure 10 million or fewer op-
erations.8 Switch lifetime can degrade 
when operated under conditions that 
introduce additional stresses, such as 
elevated operating temperature, ther-
mal fluctuations, or exposure to exces-
sive signal power.

Another potential stress is hot-
switching, which occurs when the 
device is switched while an RF signal 
is being applied. Although switches 
are specified for a maximum power 

as 80 to 90 dB and high-frequency 
isolation as high as 40 to 50 dB. EM 
switches are available with ratings as 
high as 100 to 120 dB.

Video Feedthrough
Video feedthrough is manifested in 

the form of voltage transients that ap-
pear at the outputs when an RF switch 
changes path. This unintended signal 
occurs even without an RF signal pass-
ing through the switch. It is generated 
by the switch’s control signal and the 
discharge of biasing components.7

Video feedthrough is not common-
ly specified for RF switches, but can 
be an important consideration for cer-
tain applications. For example, high-
gain amplifiers – especially those with 
automatic gain control – will momen-
tarily compress or even sustain dam-
age due to video feedthrough spikes. 
Similarly, these voltage spikes could 
cause damage to or interfere with the 
operation of instrumentation connect-
ed to the switch outputs. Receivers 
used for covert monitoring for signal 
intelligence (SIGINT) require very 
low levels of video leakage to remain 
invisible to outside observers.

Although this effect can be ob-
served in both PIN diode and FET-
based switches, it is generally more 
prominent in PIN diodes due to the 
presence of both the DC bias and 
the RF signal on the same path. The 
DC-blocking capacitors used to con-
tain the bias within the PIN diode 
switch will charge and subsequently 
discharge when the control signal tog-
gles from forward to reverse bias (and 
vice versa). In FET-based switches, 
the separation of the control signal 
from the RF path greatly reduces the 
amount of video leakage generated 
during switching.7

Switch Control and Power 
Consumption

The circuitry required to bias dif-
ferent solid state switch technologies 
has various degrees of complexity 
depending on the desired frequency, 
bandwidth, power levels, and switch-
ing speed. PIN diodes may have very 
fast switching speeds, but the drive 
circuitry can be complex. Limitations 
in the ability to tune out parasitic ele-
ments result in the need for expensive 
broadband chokes and more exotic as-
sembly techniques. Bias voltages can 
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sponding impact on the circuitry tied 
to that path. Refl ective-open archi-
tectures do not have a shunt path to 
ground in the “off” state; as a result, 
the loading on the unused port will be 
minimized. For example, LNA bypass 
switches are refl ective-open in order 
not to disturb the LNA’s functionality 
when the switch is in the “off” state. 
For refl ective-short architectures, a 
shunt path to ground is established. 
This low impedance renders attached 
circuitry effectively useless.

handling, this can degrade when hot-
switched. PIN diode switches are 
typically more robust when switched 
at high powers, whereas switched 
FETs transition through a region 
during which high amounts of signal 
power may be dissipated.9 The abil-
ity of the FET switch to withstand 
this increased dissipation depends on 
its specifi ed power handling. For ex-
ample, GaN devices exhibit excellent 
power handling and can thus handle 
hot-switching at higher power lev-
els.10 MEMS switches are typically 
more sensitive to hot-switching, as 
micro-welding between contacts can 
occur, resulting in reduced lifetime.1

RF switches can also be susceptible 
to electrostatic discharge (ESD), which 
occurs when static charge is suddenly 
transferred between surfaces with 
differing voltage potentials. This can 
subsequently damage sensitive devic-
es. GaAs switches are generally more 
sensitive to ESD, with typical ratings 
of 200 V. MEMS switches are similarly 
sensitive. PIN diode switches have 
a moderate sensitivity to ESD, and 
CMOS technology (including SOI) are 
relatively robust in this regard, with 
ratings as high as 4 kV.2

APPLICATIONS
Architecture Considerations

Two basic switch architectures that 
describe the behavior of the unused 
switch port are classifi ed as absorptive 
or refl ective (Figure 3). Absorptive 
switches present a termination (most 
commonly 50 Ohms) to the unselected 
arm typically at the expense of increased 
insertion loss. Refl ective switches leave 
the unused port unterminated.

Refl ective switches can be further 
categorized as either refl ective-open 
or refl ective-short. This distinction is 
critical in understanding the corre-

 Fig. 3  Basic switch architectures that de-
scribe the behavior of the unused switch port.
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RFC

Reflective-Short SPDT
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RF 1 RF 2

 Fig. 4  Example receiver block diagram highlighting typical switching requirements.
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settles. Conversely, less time-sensitive 
applications, such as one-time, “set-
and-forget” uses, can target better 
insertion loss or very low operational 
frequencies at the expense of a greatly 
reduced switching speed.

Application Example: RF Receiver 
Architecture

Covering all possible system con-
siderations is beyond the scope of this 
article. As such, an example receiver 
block diagram (see Figure 4) is used 
to highlight typical switching require-
ments. The front end of a receiver typi-
cally requires an input protection sys-
tem, which can be based on RF limit-
ers, alone, or combined with a variable 
attenuator to keep the input power 
within a predefi ned range to maintain 
linear operation. Switches used in a dy-
namic, power-limiting structure need 
to switch fast enough to protect the sys-
tem and prevent damage further down 
the signal chain. These switches must 
cover the full frequency range of the 
receiver without introducing unneces-
sary distortion as well as handle a wide 
range of input power levels.

RF gain control, functionally 
shown in Figure 4 as a digital step 
attenuator and a variable-gain LNA, 
consists of banded gain blocks, that 
can be bypassed, and various DSAs. 
The relative input power is detected 
and the signal can then be amplifi ed 
or attenuated to ensure optimal power 
level at the RF fi lter banks and subse-
quent mixers. These switches require 
fast settling times to allow the mea-
surement to reach its fi nal value when 
gain changes are required.

The next functional block consists 
of an RF fi lter bank needed for har-
monic and interference suppression. 
Here, a four-way fi lter bank is shown, 
but systems can have more elements 
depending on fi lter sharpness and cov-
ered bandwidths. These switches re-
quire high isolation at the out-of-band 
frequencies and low insertion loss 
within the selected frequency bands. 
This function can be obtained by us-
ing a combination of series and parallel 
switches or by using high-throw-count 
integrated switches (e.g. SP6T, SP8T).

The fi rst mixer has a tunable local 
oscillator (LO) with many of the same 
system elements as the primary signal 
path. For applications with fast tun-
ing requirements, short settling time 
switches are required having good 

tance to resonant-tune the switch “off” 
capacitance in order to minimize inser-
tion loss and maximize isolation over a 
more restricted bandwidth.

Transmit/receive-based radar ap-
plications require very fast switching 
speeds since this is crucial in setting 
the minimum close-in range that 
can be detected by the radar system. 
Switch too slow and the refl ected 
transmit signal will already be past 
the receiver by the time the switch 

Overview
Switching requirements for RF sys-

tems vary dramatically, and the perfor-
mance metrics outlined in this article 
provide a means by which switch per-
formance can be evaluated and com-
pared. Test and measurement applica-
tions use broadband switches exten-
sively, while communications systems 
are more likely to use narrowband 
switches to maximize performance. 
Narrowband designs often use induc-
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is extremely important for success-
ful RF applications. As highlighted 
in this article, switch requirements 
can vary greatly even within a sin-
gle system, such as an RF receiver. 
When equipped with the knowledge 
of available RF switch solutions, ap-
plication requirements, and perfor-
mance tradeoffs, engineers can ef-
fectively implement their designs 
and meet today’s advanced systems 
demands. ■

isolation in the band of interest. The 
example shown in Figure 4 employs a 
direct conversion receiver at its final 
stage. This provides bandwidth effi-
ciency, but in turn, requires I/Q sig-
nals that extend to DC; as such, the 
switches used in this section need to 
be DC-capable with low phase distor-
tion at the maximum bandwidth.

CONCLUSION
Selecting the appropriate switch 
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Simulating Antenna 
Measurements in an 
Anechoic Chamber
Derek Campbell, Gopinath Gampala, Martin Vogel and C.J. Reddy
Altair Engineering Inc., Hampton, Virginia

The measurement community has a substantial and increasing interest in utilizing 
computational electromagnetic (CEM) simulation tools to minimize the financial 
resources required to design custom anechoic chambers without sacrificing 
performance. Traditionally, engineers have analyzed anechoic chamber designs 
with a method similar to ‘ray-tracing’ due to practical limitations of the available 
resources. Recent technological advances have, however, helped computational 
resources and numerical solvers emerge as powerful tools capable of analyzing 
anechoic chambers. Systematic error sources are then easily identified by 
emulating antenna measurement techniques in a virtual environment. The 
resulting insight facilitates convergence between measurement and simulation 
data, which ultimately provides confidence in the final characterization.

This article presents a coherent character-
ization process for anechoic chambers1 
and antenna measurement techniques,2 

which unites several communities even though 
the engineers involved address drastically dif-
ferent challenges. Errors in an anechoic cham-
ber design can be identified by emulating a 
measurement technique with a fully charac-
terized antenna. Quiet zone disturbances can 
be accounted for when emulating subsequent 
antenna measurements.

In addition, measurement techniques that 
may adversely affect quiet zone behavior can 
be validated. Examples include (a) customers 
requesting measurements outside the normal 
mode of operation (e.g. structures larger than 
the quiet zone) and (b) operating with modi-
fications to the chamber environment. Finally, 
the performance and cost associated with pur-
chasing or refurbishing measurement equip-
ment can be estimated with improved accuracy.

MEASUREMENT TECHNIQUE
The measurement community has several 

tools and respective techniques to character-
ize an antenna under test (AUT). Commonly 
used measurement tools include free space 
antenna ranges that are designed to suppress 
contributions from the surrounding environ-
ment during an antenna measurement. An an-
echoic chamber is a specific type of free space 
antenna range that provides protection from 
weather and vandalism as well as electromag-
netic interference. In addition, rectangular an-
echoic chambers are designed to simulate free 
space conditions and maximize the quiet zone 
volume.

Although rectangular anechoic chambers 
facilitate various measurements, the capabil-
ity to measure antenna gain is of critical im-
portance. Uniform plane waves, which can 
be approximated by increasing the separation 
distance between the source and receive an-
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NUMERICAL METHODS
Modern full-wave and asymptotic 

CEM methods, available in commer-
cial software packages such as FEKO, 
offer several options for either com-
puting or approximating the relation-
ships between electromagnetic fi elds 
and currents. Full-wave CEM meth-
ods accurately solve Maxwell’s equa-
tions without approximations, while 
asymptotic CEM methods achieve a 
solution with limited resources by op-
erating with underlying assumptions.
Vigilance is then required from the 
user to model the problem well within 
those approximations. Fortunately, 
an increase in electrical size further 
validates the assumptions underlying 
asymptotic CEM methods and im-
proves the accuracy of the fi nal re-
sults. In response, software compa-
nies offer asymptotic methods such as 
physical optics (PO) and the full-wave 
fi nite element method (FEM) hybrid-
ized with method of moments (MoM) 
to assist with solving large and com-
plex problems. 

In addition, several features can 
facilitate effi cient modeling practices. 
For example, thin wire approximation, 
an inherent MoM feature, solves wire 
structures with minimal resources by 
discretizing thin cylindrical shapes 
into linear segments rather than a 
surface mesh. Domain decomposition 
minimizes computational resources by 
solving the far fi eld pattern of an arbi-
trary source antenna in an isolated en-
vironment, which becomes an import-
ed source for subsequent simulations. 
Modelling an ideal receive antenna 
involves a similar process. Two hybrid-
ized CEM methods, namely MoM/

used gain standard. 
The source and re-
ceive antennas are 
located inside the 
anechoic chamber 
as illustrated in Fig-
ure 1.3

The receive an-
tenna is placed in 
the far fi eld of the 
source antenna 
where R denotes the 
respective separa-
tion distance, D de-
notes the maximum 
dimension of the an-
tenna and � denotes 
the operating wave-
length as illustrated 
in Figure 1. The gain-transfer method 
is then calibrated by measuring the re-
ceived power with the gain standard. 
After replacing the gain standard, the 
AUT is rotated in the principal plane 
and the received power is converted 
to an antenna gain estimate at each 
angle. Note the source antenna trans-
mits constant power across all mea-
surements.3

tennas, are the ideal illumination for 
antenna gain measurements. As the 
distance increases, the curvature of 
the spherical phase-front produced 
by the source antenna becomes neg-
ligibly small over an antenna aperture. 
A uniform phase-front approximation 
facilitates several antenna measure-
ment techniques including the gain-
transfer method.3

The gain-transfer method provides 
a simple yet accurate solution for mea-
suring antenna gain. This method uti-
lizes a gain standard with well-known 
performance characteristics to deter-
mine the gain of an AUT in conjunc-
tion with the following equation:

=
−

G G
P
P

1

1 S
(1)AUT cal

AUT

cal 11,AUT
2

GAUT, PAUT and S11,AUT are the 
unknown gain, received power and 
refl ection coeffi cient associated with 
the AUT, respectively. Gcal and Pcal 
are the known gain and received pow-
er associated with the gain standard, 
respectively. Pyramidal horn antennas 
are a universally accepted and widely 

 Fig. 1  Measurement confi guration for the gain-transfer method 
inside an anechoic chamber.
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modeled 20' from the receiving wall as 
shown left of center in Figure 2.

A central patch of two side walls, re-
ceiving wall, fl oor and ceiling were mod-
eled with large pyramidal absorber sur-
rounded by small pyramidal absorber as 
illustrated in Figure 1. The absorbing 
material was modeled with typical val-
ues for both the dielectric constant and 
loss tangent.1

CHAMBER CHARACTERIZATION
Disturbances inside the quiet zone 

of an anechoic chamber were charac-
terized with full-wave and asymptotic 
CEM methods. The characterization 
employed a custom low-gain source 
antenna designed to increase refl ec-
tions off the surrounding walls and 
therefore represent a worst-case sce-
nario. Electric fi elds in the quiet zone 
were computed in the explicit pres-
ence and then absence of the anecho-
ic chamber. The ratio of these two re-
sults produced a systematic error term 
that identifi ed quiet zone disturbanc-
es imposed by the anechoic chamber.

A rigorous characterization was ini-
tially performed on the chamber with 
MoM/FEM. Negligible disturbances 
(i.e. less than 1 dB), illustrated in Figure 
3, were imposed by the low-gain source 
antenna when operating at 500 MHz, 
which validated both the chamber per-
formance and the respective character-
ization process. A characterization was 
then performed on the chamber with 
MoM/PO when operating at 500 MHz. 
The difference between the full-wave 
and asymptotic CEM methods is illus-
trated in Figure 4.1

(i.e. W × H) was modeled to fi t within 
a physically limited volume. The cham-
ber dimensions are 17' H × 24' W × 
32.5' L as shown in Figure 2, where 
blue represents absorbing material. 
The center of the quiet zone is 10' from 
the receiving wall and measures 6' H 
× 6' W × 6' L. The source antenna is 

FEM4 and MoM/PO,5-7 as well as ef-
fi cient modeling practices facilitate the 
characterization of anechoic chambers 
and antenna measurement techniques.

CHAMBER MODEL
A custom anechoic chamber with a 

rectangular down-range cross-section 

 Fig. 2  Simulation confi guration along with the dimensions for an 
anechoic chamber model.

 Fig. 3  Quiet zone error imposed by the anechoic chamber when 
operating at 500 MHz.
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A dual-ridge pyramidal horn, il-
lustrated in Figure 5, represented 
both the arbitrary source antenna as 
well as the calibration gain standard 
with well-known characteristics (i.e. 
6.618 dB broadside gain). The source 
antenna radiated 10 mW of power at 
an operating frequency of 1000 MHz 
across all simulations. 

Recent advances in computational 
resources have helped modern work-
stations emerge as a cost effective 
simulation tool. The following simula-
tions were performed on a workstation 
with 256 GB of shared memory and 2 
Intel Xeon E5-2650 CPUs with 8 cores 
per physical CPU operating at 2 GHz. 
The simulation at each angle with the 
explicit presence of the anechoic cham-
ber was solved on all 16 available cores, 
which required 45 minutes of compu-
tational time and 220 GB of memory.

CO-POLARIZATION
The emulated gain-transfer meth-

od was initially validated with a Yagi-
Uda antenna as illustrated in Figure 
6. The vertically polarized antenna 
facilitated a single plane of electric 
symmetry to minimize computational 
resources. These simulations consid-
ered angles that spanned from -180° 
to 180° in 3° increments. 

First, the H-plane gain of the AUT 
was computed with a standard MoM 
simulation. Next, the gain-transfer 
method was emulated with a 300 foot 
(i.e. electrically large) separation dis-
tance to compute the co-polarization 
(Co-Pol) antenna gain. The gain-
transfer method was then emulated 
with a 10 foot separation distance. 
Finally, the gain-transfer method was 
emulated with the explicit presence 
of the anechoic chamber, while main-

come more accurate and the error 
term is further reduced. As a result, 
engineers can confidently replace 
rigorous full-wave methods with as-
ymptotic methods and increase the 
frequency within the confines of the 
available resources.

MEASUREMENT EMULATION
Asymptotic CEM 

methods have pro-
vided an opportu-
nity to emulate an-
tenna measurement 
techniques in the 
explicit presence of 
the anechoic cham-
ber. Specifically, the 
gain-transfer meth-
od was validated for 
both co-polarization 
(Co-Pol) and cross-
polarization (X-Pol) 
antenna gain mea-
surements using a 
Yagi-Uda antenna 
and a shunt-fed 
slanted V-dipole an-
tenna, respectively.

The approximations associated 
with the asymptotic method imposed 
negligible error (i.e. less than 1 dB), 
which validated MoM/PO as an effec-
tive characterization tool for anechoic 
chambers. Additionally, the underly-
ing assumptions become more valid 
as the operating frequency increases. 
The approximations therefore be-

s Fig. 4  Quiet zone error imposed by MoM/PO when operating at 
500 MHz.

s Fig. 5  Dual-ridge horn model represent-
ed both the source antenna and calibration 
gain standard.
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taining a 10 foot separation distance. 
The results are illustrated in Figure 7 
where GTM refers to the gain-trans-
fer method.

An electrically large distance be-
tween the source antenna and the 
AUT provided an excellent uniform 
plane wave approximation. Therefore, 
near perfect agreement between the 
standard MoM solution and ‘GTM-
300’ was achieved, which validated the 
gain-transfer method as an antenna 
measurement technique. Although 
the AUT was still within the typically 
recognized far field region, emulating 
the gain-transfer method with a 10 foot 
separation distance imposed minimal 

s Fig. 6  Yagi-Uda model used for co-polar-
ization antenna measurments.

s Fig. 7  H-plane gain for a Yagi-Uda anten-
na, across all angles (a) and at broadside (b).
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i) yet distinct degradations in the uni-

form plane wave approximation and 
ultimately the antenna gain estimates.

The difference between ‘GTM-300’ 
and ‘GTM-10’ quantifies the error im-
posed by smaller separation distances. 
Finally, a quantifiable error term was 
introduced into the final antenna 
gain estimate when the gain-transfer 
method was emulated in the explicit 

s Fig. 8  Shunt-fed slanted V-dipole model 
used for cross-polarization antenna measure-
ments.
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shown that engineers can characterize the quiet zone be-
havior of anechoic chambers, which provides critical insight 
during the design process. Antenna engineers can determine 
the effect of quiet zone disturbances during an antenna char-
acterization process. Measurement engineers can validate 
antenna measurement techniques and predict the respective 
performance when operating under non-ideal conditions. 
Managers can more accurately predict the performance levels 
and costs associated with purchasing or refurbishing measure-
ment equipment. In conclusion, excellent agreement across 
various simulations allows several engineering roles to make 
more informed decisions based on quantifiable error terms. ■
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presence of the an-
echoic chamber.

CROSS-
POLARIZATION

Estimating the 
cross-polarization 
(X-Pol) antenna 
gain in the explicit 

presence of the anechoic chamber provided the insight 
necessary to identify an additional systematic error term. 
A shunt-fed slanted V-dipole, illustrated in Figure 8, was 
arranged into vertical and horizontal orientations when es-
timating the co-polarization and cross-polarization antenna 
gains, respectively. In contrast, the source and calibration 
antennas maintained a vertical orientation throughout the 
emulated measurement process. The estimated antenna 
gains were then compared with free-space MoM simula-
tions as listed in Table 1.

The shunt-fed slanted V-dipole, with smaller dimen-
sions, experienced a more uniform illumination than the 
Yagi-Uda antenna. A smaller systematic error was there-
fore introduced by the limited separation distance. As a 
result, remarkable accuracy was achieved at the relatively 
low levels associated with cross-polarization measure-
ments, which further validated the gain-transfer method.

CONCLUSION
Both full-wave and asymptotic methods were utilized to 

support several engineering communities. The results have 

TABLE I
ANTENNA GAIN FOR A SHUNT-FED 

SLANTED V-DIPOLE

MoM GTM

Co-Pol 2.55 dBi 2.37 dBi

X-Pol –22.94 dBi -23.22 dBi
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ProductFeature

EMPIRE XPU is a 3D EM solver, based 
on the Finite Difference Time Domain 
(FDTD) method and is a powerful tool 

for modeling antennas, microwave circuits, 
EM chip design and more. Due to its on-the-fly 
compilation it is highly efficient and extremely 
fast on plain conventional hardware using opti-
mized algorithms.

With the release of EMPIRE XPU 7.00, 
the solver has been upgraded to meet the ever 
changing and challenging needs of the RF-
engineers and antenna designers of tomorrow. 
The main new feature is a powerful and intui-
tive 3D Graphical User Interface (GUI) that 
makes the drawing, placement and import of 
arbitrary 3D shapes sweat free and efficient.

A new 3D modeling kernel enables fast 
import, modeling and meshing of large and 
complex objects like highly integrated RF 
modules and complete car models, for ex-
ample. New pick-and-place library elements 
have been added for the parametrical creation 
of surfaces, sub-structures and conformal lay-
out mappings.

Near field data from measurements or 3D 
field simulations can be used as a source. This 
makes it possible to simulate high-detailed an-
tennas and other sources in large environments 
without the need to model all details of the 

original sources. For low frequency applica-
tions such as wireless power transfer, the evalu-
ation of averaged electric fields induced inside 
human bodies as required by the ICNIRP stan-
dard, has been implemented.

Also, a new circuit simulator has been added 
to allow, for instance, the import of touchstone 
data from transistor measurements for amplifi-
er design or the tuning of matching circuits for 
antennas without the need to switch to external 
tools. Icons and menus have been adapted for 
a more intuitive workflow and hyperlinks refer-
ring to dedicated manual sections have been 
added for fast troubleshooting.

The following three examples illustrate the 
flexibility and adaptability of the EMPIRE 
XPU 7.00.

Automotive Applications
Car antennas for AM & FM radio and DAB 

are often integrated into the windscreen. The 
modeling of these antennas is usually difficult 
due to the conformal shape of the glass. A new 
layout mapping module in EMPIRE allows the 
automatic mapping of complete planar layouts 
on arbitrary surfaces. So windscreen anten-
nas can be designed easily with full paramet-
ric control and direct layout export options for 
manufacturing.
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3D EM Solver
IMST GmbH
Kamp-Lintfort, Germany
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it is possible to model the source with a coarser mesh in 
the subsequent simulation run including the whole envi-
ronment, thus reducing the overall required memory and 
increasing the simulation speed.

Wireless Charging
As electric vehicles are becoming more and more popu-

lar, the use of wireless battery charging systems will increase. 
This technology transmits electrical power by using magnet-
ic resonances that result from changes in magnetic field in-
tensity between a coil positioned on/in the ground below the 
car, and a receiving coil built into the chassis of the vehicle.

As the charging time should be minimal, high magnetic 
fields are used. This makes it mandatory to investigate the 
electromagnetic exposure on human bodies in the vicinity of 
wireless charging systems, which operate at around 90 kHz.

The recent ICNIRP standard requires the evaluation of 
the averaged electric field induced inside the body and its 
distribution in body tissues. EMPIRE can calculate these 
fields inside the human body either by modeling the com-
plete wireless charging system and the environment (see 
Figure 2) or by using a field source, based on measured 
data, which excites the same field. In addition to a reduced 
problem size, using a field source based on measured data 
has the advantage that complete wireless charging system 
details need not be known.

Amplifier Design
For amplifier designers the design of matching networks 

is a crucial part of daily work. The usual workflow requires 
the simulation of the passive structure in a 3D field solver, 
the utilization of measured data for active or nonlinear 
devices and merging the result into a circuit simulator for 
tuning the matching elements.

The new Empire software includes a circuit simulator. 
Inside the GUI, schematic circuit elements are available 
such as lumped resistors, capacitors, inductors, as well as 
couplers, lines and Touchstone files. These elements can 
be placed between the ports and connected with ideal 
wires. The simulator computes the complete scattering 
matrix and the circuit simulation is automatically carried 
out after the 3D EM simulation is finished.

This allows fast tuning of the complete amplifier design 
while profiting from the accuracy of the 3D full wave sim-
ulation. A combined EM and circuit model of a 24 GHz 
power amplifier design is shown in Figure 3.

The new Empire XPU 7.00 includes a whole range of 
new powerful features that will accelerate and simplify the 
design workflow. Emphasis has been placed on user friend-
liness as well as enhanced functionality for today’s and to-
morrow’s design challenges. EMPIRE guarantees fast and 
accurate 3D EM and thermal simulations of complex RF-
systems and modules using off-the-shelf PC-equipment. 
With this tool the time-to-market can be reduced to a bare 
minimum. Because of the high accuracy of the simulation 
results, prototype cycles are considerably shortened and 
hence development costs are reduced as well.

IMST GmbH,  
Kamp-Lintfort, Germany 
+49 2842981400,  
www.empire.de.

Modern cars include more and more radar sensors to 
increase safety. They determine distance, speed and di-
rection of moving or stationary objects, including people. 
Designing antennas for such systems is quite challenging. 
These radar systems are currently operated at 24 and 77 
GHz. They are usually integrated behind the bumper of 
the car, which normally impacts strongly on the antenna 
performance. Accurate 3D EM simulations of the anten-
nas including the car environment are a must for a short 
product development cycle. Due to the memory and speed 
efficient XPU algorithm of EMPIRE, even 77 GHz anten-
na systems can be simulated including the complete car 
environment (see Figure 1).

These simulations can be performed even more ef-
ficiently in the latest release by using a new field source 
definition. This field source can replace the antenna by 
using accurate field data from measurements or previous 
antenna simulations. By using a local field interpolation, 

s Fig. 1  77 GHz radar antenna: electric near field, far field at 77 GHz.

s Fig. 2  Wireless charging system: E-field at 1 MHz, averaged 
induced in body electric field at 90 kHz.

s Fig. 3  Amplifier design at 24 GHz.
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Detecting RFI, revealing the causes of 
interference and locating unauthor-
ized transmitters are tasks performed 

by modern direction finding equipment. Spec-
trum analysis and time domain displays give 
much information about the type of signal but 
are limited to recording the amplitude versus 
frequency and/or versus time, and often lose 
information due to display compression. The 
full picture is only available when the mea-
sured values are recorded without compression 
and separated into their real and imaginary 
components, usually referred to as the in phase 
and quadrature components, or I/Q for short.

The IDA 2 Interference and Direction An-
alyzer provides the full picture as it does not 
simply record and save the I/Q data. It can also 
evaluate the data immediately on-site, as the 
results are needed for tracing impairments and 
interference straight away. Of course, results 
can also be checked when back in the office.

I/Q Analyzer Mode
With the IDA 2, the I/Q analyzer mode can 

be selected, just like spectrum or time domain 
(scope) modes. As in time domain mode, the 
IDA 2 runs in zero span mode as an I/Q ana-
lyzer, being tuned to a fixed frequency, i.e. one 
channel that is selectively captured. The abil-
ity to set unusually high channel bandwidths 
(CBW) of up to 32 MHz is a special feature of 
the instrument.

When the measurement process is started, 
the IDA 2 records the results continuously in 
real time as I/Q data pairs with a memory depth 
of 250,000 data pairs. The instrument can even 
perform some evaluations online, e.g. display-
ing the pure I/Q data or the magnitude versus 
time, computing a High Resolution Spectro-
gram or building up a Persistence Spectrum.

When the measurement is stopped, ei-
ther manually or by automatic trigger, the last 
250,000 I/Q data pairs are still stored, uncom-
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Interference and 
Direction Analyzer
Narda Safety Test Solutions
Pfullingen, Germany
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Procedure for how to use the N, TNC and 7/16 Push-On male. Push-On Con-
nectors mate with any standard female connector of  the same connector style.

1. Convert your standard Assembly 
into a Push-On Assembly using the 
Nf  to Nm Push-On Adapter.

2. Put your fingers firmly onto the 
knurls of  the “Lock Nut”.

3. Push “Lock Nut” forward and engage 
the Push-On end of  the Adapter with the 
mating female. Back nut must be released.

4. The Connection has been complet-
ed, easy and fast. The connector has 
been locked on safely.

5 . To unlock (when “Back Nut” is in 
unlocked mode) push the “Lock Nut” 
forward and stop reverse movement by 
setting your fingers onto the “Back Nut”.

6. Keep fingers on “Back Nut” to 
ensure that “Lock Nut” cannot slide 
back and pull the connector off.

Procedure for how to use the SMA male and SMA female Push-On connectors. SMA Push-
On Connectors mate with any standard connector of  the same but opposite connector style.

1. Convert your standard cable assembly 
into a Push-On Assembly by threadening 
the standard female side of  the adapter 
onto the male connector of  the assembly.

2. Your standard SMA male cable 
assembly is converted into an SMA 
male Push-On Assembly.

3. Just slide the Push-On SMA male 
Connector onto any standard SMA 
female. The connection is securely com-
pleted in seconds.

Please contact us at:
www.spectrum-et.com
Email: sales@spectrum-et.com
Phone: +49-89-3548-040
Fax:    +49-89-3548-0490

4. To disconnect, just pull the connec-
tor off.

1. Convert your standard cable assembly 
into a Push-On Assembly by threadening 
the standard female side of  the adapter 
onto the male connector of  the assembly.

2. Your standard SMA male cable 
assembly is converted to a Push-On 
SMA female Cable Assembly.

3. Just slide the Push-On SMA female Con-
nector onto any standard SMA male. The 
connection is securely done in seconds.

4. To disconnect, just pull the connec-
tor off.
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null character for synchronization at 
fixed intervals, during which only the 
carrier frequencies remain. Any inter-
ference cannot avoid detection in the 
High Resolution Spectrogram as well 
as in the Persistence Spectrum of the 
IDA 2.

In the case of an illegal transmit-
ter, deliberate jamming, an unknown 
defective device, or intermodulation 
from authorized communications 
signals, the signal versus time char-
acteristics often tell much about the 
type of signal. The magnitude setting 
of the IDA 2 displays the magnitude 
of the I/Q data versus time, so that 
the timeslot structure of a GSM in-
termodulation can be clearly seen, as 
shown in Figure 2.

Trigger
The IDA 2 shifts the I/Q data con-

tinuously through its memory on a 
first in, first out basis during the mea-
surement. Just as with an oscilloscope, 

the triggers can be 
set to capture the 
measurement re-
sults when specific 
events occur, e.g. 
when a specific level 
is first exceeded or 
whenever this level 
is exceeded. The 
Trigger Delay set-
ting is important 
because it facilitates 
the capture of the 
measurement values 
before and after the 
event, illustrating 

communications channel switches fre-
quency about every 4.6 ms. If the ille-
gal transmitter also hops, it cannot be 
detected in the normal spectrogram. 
However, it is visible in the High Res-
olution Spectrogram, obtained from 
the I/Q data, revealed by the different 
duration and correlation.

Another example is LTE, where 
interference due to intermodulation 
from (and with) GSM signals is not 
uncommon because the antennas 
are usually located together on the 
same roof. The rectification effect of 
a couple of rusty rivets on the mast is 
enough to generate intermodulation 
that is superimposed on the RF field. 
A first for a handheld device: the High 
Resolution Spectrogram of the IDA 2 
makes the whole frame structure vis-
ible (see Figure 1).

In the case when an interference 
signal is hidden beneath a DAB chan-
nel, this can best be detected in the 
transmission ‘gaps’: DAB transmits a 

pressed, in the background. In this 
way, any evaluation and display can be 
produced subsequently from one and 
the same data set.

Although it is necessary for the 
IDA 2 to compress the spectrums to 
correspond to the available number 
of display pixels in High Resolution 
Spectrogram Full display mode, ev-
erything is shown in High Resolution 
Spectrogram Zoom display mode: 
Every line of pixels corresponds to 
exactly one spectrum, with the color 
indicating the particular level. The 
IDA 2 also writes a specified num-
ber of spectrums over each other in a 
Persistence Spectrum where the color 
indicates how often a particular level 
value occurred.

Examples
An application where the I/Q ana-

lyzer can be utilized is in the GSM 
field to establish whether there is in-
terference or an illegal transmitter 
hidden under the ‘active’ spectrum. 
This can be particularly difficult to de-
termine if the GSM modulation meth-
od uses frequency hopping, where the 

s Fig. 1  High Resolution Spectrogram Full of two LTE channels 
(resolution 8 μs) showing the frame structure with its resource grid 
and synchronization signals.

s Fig. 2  A GSM downlink signal triggered on the rising edge (time resolution 2 μs) showing 
the 546 μs timeslots (frame duration is measured using markers A and B: t = 4.616 ms).
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within the channel bandwidth, as well 
as the window overlap, i.e. the overlap 
of the time segments from the data set 
that are to be used for a FFT.

The rule is: The fewer the FFT 
samples and the greater the over-
lap, the finer the time resolution, 
i.e. the succession of spectrums. For 
example, the FFT yields a usable 
bandwidth of 25.6 MHz for a CBW 
of 32 MHz. With 256 FFT samples, 
the IDA 2 computes a spectrum 
with a RBW of about 240 kHz. If a 
window overlap (FFT Overlap) of 
87.5 percent is selected, spectrums 
with a time resolution of 1 µs (cor-
responding to one million spectrums 
per second) will be obtained. For 
this reason, other analyzers compress 
the data for resolutions below 20 ms, 
whereas the IDA 2 retains the data 
without compression.

Based on the I/Q data, the battery 
operated, handheld IDA 2, which 
weighs 3 kg, offers a depth of analysis 
that was previously only available us-
ing costly and heavy laboratory instru-
ments. Weak or sporadic interference, 
which may be hidden beneath strong 
and possibly variable frequency useful 
signals can now be revealed on site. In 
doing so, IDA 2 makes a significant 
contribution to the security of modern 
communications.

Narda Safety Test Solutions 
Pfullingen, Germany 
+49 7121 97 32 0,  
www.narda-sts.com.

respondingly for a narrower CBW, so 
that at the other extreme, a CBW of 
100 Hz would give a recording time of 
2,500 seconds.

The High Resolution Spectrogram 
and Persistence Spectrum are pos-
sible evaluations of the I/Q data that 
can be made online or subsequently, 
but also immediately on-site. Figure 
3 shows the Persistence Spectrum of a 
GSM downlink signal. The IDA 2 uses 
FFT analysis for this feature. The sig-
nals that have already been captured 
selectively by means of the selected 
CBW are further separated into their 
spectral components. Regardless of 
the setting used for capturing the 
measured values, users can determine 
or change the FFT parameters: the 
number of FFT samples and hence 
the resolution bandwidth (RBW) 

both the cause and the effect. Also, 
the SAVE function stores the I/Q data 
permanently in the IDA 2 memory for 
later evaluation.

Evaluation of I/Q data
There is a causal relationship be-

tween the channel bandwidth, resolu-
tion bandwidth, window overlap, time 
resolution, and possible recording time 
in any digital analyzer like the IDA 2. 
At the maximum CBW of 32 MHz, the 
IDA 2 captures an I/Q data set every 
31.25 ns, corresponding to the inverse 
of the CBW. This gives a recording 
time of 250,000 × 31.25 ns = approx. 
7.8 ms with a memory capacity of 
250,000 data pairs. This is enough to 
completely capture cyclical sequences 
in modulated communications signals. 
The recording duration increases cor-

s Fig. 3  Persistence Spectrum of a GSM downlink signal showing underlying interference at 
around 932.8 MHz.
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TechBriefs

Depending on the intended appli-
cation, both hermetically sealed and 
non-hermetically sealed versions are 
available. The LNAs are fully matched 
internally for input and output imped-
ances of 50 ohms, which eliminates 
the customers need for any sensitive 
external RF tuning components. The 
LNAs are all EAR99 (no export li-
cense required) and are in-stock and 
ready to ship same-day.

 
Pasternack Enterprises,  
Irvine, CA  
(866) 727-8376,  
www.pasternack.com.

9 kHz to 18 GHz  
Low Noise Amplifiers

P asternack has added a new 
family of low noise amplifiers 
(LNA) capable of high gain 

and broadband performance between 
9 kHz and 18 GHz that can be used 
across a wide spectrum of military 
and commercial applications. A total 
of 14 new LNAs are offered that pro-
vide customers with a choice of noise 
figures, gain levels, frequency ranges 
and power outputs depending on the 
intended use.

The new LNA category exhibits 
excellent broadband performance 
from 9 kHz to 18 GHz, noise figures 
between 0.8 and 3 dB, gain levels 
from 25 to 50 dB, gain flatness from 

±0.75 to ±1.25 dB and power output 
levels (P1dB or Psat) between 10 
and 18 dBm. The high performance 
of these LNAs is achieved using a 
hybrid microwave integrated circuit 
design and advanced GaAs PHEMT 
technology. The LNAs are connector-
ized SMA modules that are uncondi-
tionally stable and include built-in 
voltage regulation, bias sequencing 
and reverse bias protection for added 
reliability. All of the LNAs use a DC 
voltage supply of 12 V and range in 
current supply from 75 to 300 mA 
with an operating temperature of 
-40° to +75° or +85°C, depending on 
the device.
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in the company’s lineup offer outstand-
ing accuracy, repeatability and rugged 
construction for power levels from 0.5 
to 100 W. Their programmable and 
voltage variable attenuators provide ac-
curate attenuation control for applica-
tions from DC to 7 GHz. All models 
are available off the shelf for immediate 
delivery.

Mini-Circuits,  
Brooklyn, NY,  
www.minicircuits.com.

DC to 12 GHz, 1 W 
SMA Fixed Attenuators

M ini-Circuits’ new FW-series 
of 1 W SMA fixed attenua-
tors provide accurate atten-

uation over DC to 12 GHz. The low 
cost FW-series attenuators offer a va-
riety of attenuation levels from 1 to 20 
dB with performance as flat as ±0.26 
dB over the full frequency range. 
They feature SMA-M to SMA-F con-
nector types and rugged unibody 
construction for high reliability and a 
long lifetime of use. They make ideal 
solutions for impedance matching, 

signal level adjustment, and other ap-
plications requiring accurate attenua-
tion over wide frequency bands. FW-
series attenuators are always available 
from stock for immediate shipment.

Mini-Circuits offers a wide variety of 
fixed, programmable and voltage vari-
able attenuators. Their surface mount 
attenuators come in packages as small 
as 2  2 mm with a full line of hi-rel, 
hermetically sealed ceramic models for 
the harshest operating conditions.

Coaxial connector attenuator models 
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Exhibition Spaces Available
www.EDICONCHINA.com

2015
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In April 2015, the leading technical conference and exhibition developed by and for the 
RF, microwave, EMC/EMI and high speed electronics industry returns to Beijing. Share your 

expertise with fellow technologists as a speaker in the EDI CON technical program. 

Technical papers accepted for EDI CON will adhere to Microwave Journal standards of excellence 
through a similar peer review process, providing conference delegates with high-quality, 

unbiased, practical technical content. 

In April 2015, the leading technical conference and exhibition developed by and for the 
CALL FOR PAPERS

• Design
• Measurement & Modeling

• Systems Engineering
• Commercial Applications
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Submit your paper online  
For details go to:
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TechBrief

The HDO8000 is standard with 50 
Mpts/ch of acquisition memory with 
options for 100 Mpt or 250 Mpt/ch. 
These long acquisition memory op-
tions are ideal for power electronics 
and embedded/mechatronic systems 
where high-speed microprocessor 
signals may be captured coinciden-
tally with lower speed pulse-width 
modulated (PWM), serial data, or an-
alog sensor signals. The Teledyne Le- 
Croy deep toolbox is provided for sta-
tistical, frequency and time-domain 
analysis using Tracks, Trends, Histo-
grams and a variety of other math and 
measurement capabilities. Tracks are 
particularly useful for PWM analysis. 
A variety of other application-based 
software options are available.

Teledyne LeCroy,  
Chestnut Ridge, NY,  
www.teledynelecroy.com.

8 Channel, 12-bit, 1 GHz 
Bandwidth Oscilloscope

T eledyne LeCroy has introduced 
the HDO8000 oscilloscope 
product line with eight ana-

log input channels, 12-bits of verti-
cal resolution utilizing their HD4096 
technology, and up to 1 GHz of 
bandwidth. A 16 channel digital logic 
(MSO) option is also available. Eight 
channel high-definition oscilloscopes 
are highly useful in debugging deeply 
embedded systems in applications 
such as automotive electronic control 
units (ECU), consumer appliances 
(e.g. washing machines, refrigerators) 
and industrial systems (e.g. robotics) 
that contain a complex mix of power 
electronic, power, clock, digital logic, 
serial data, and analog sensor signals. 
More channels and more resolution 
provide faster insight into embedded 

system behavior. A wide variety of 
mixed-signal, serial data, long memo-
ry, probe options and accessories are 
also available with the HDO8000 os-
cilloscopes.

Teledyne LeCroy’s new Q-Scape 
multi-tabbed display provides four 
times the display area and better orga-
nization of large numbers of channel, 
zoom and math waveforms (up to 40 
total) on the oscilloscope’s 12.1" WXGA 
high-resolution display. Four “tabbed” 
displays are provided. Waveforms can 
be simply dragged and dropped to 
the desired location to conveniently 
organize the many different acquired 
and calculated waveforms for more 
intuitive analysis. For those desiring 
a larger display area and even higher 
display resolution, the HDO8000 sup-
ports extended-desktop operation with 
a WQXGA (3840  2160 pixels) Dis-
playPort 1.2 video output.

MICROWAVE JOURNAL...

Get the information you want with the Microwave Journal e-newsletters 
of your choice. Personalize delivery of the newsletters you wish to receive.

Industry in Your Inbox

Military Microwaves, a monthly newsletter, 
includes guest commentaries from 
industry  analysts, news, products and 
listings of upcoming aerospace and 
defense related events 
and webinars.

VISIT MWJOURNAL.COM AND 
CLICK SIGN-IN/SUBSCRIBE 

Marketers will love the WaveGuide, 
our monthly newsletter full of 
marketing tips, advertising and 
editorial opportunities.

Microwave Flash, delivered every 
Wednesday, contains the latest 
news, upcoming events, webinars, 
technical articles from the current 
issue and web exclusive features.

Microwave Advisor, delivered
every Tuesday, features the 
“Editor’s Choice” product 
announcements.

more than just a magazine
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Entrance to the Exhibition is FREE and attending couldn’t be easier.

VISITORS
Registering for the Exhibition

• 	 Register as an Exhibition Visitor online at www.eumweek.com

• 	 Receive a confirmation email with barcode

• 	 Bring your barcode with you to the Exhibition

• 	 Go to the Fast Track Check In Desk and print out your visitor badge

• 	 Alternatively, you can register onsite at the self service terminals during the Exhibition.

Please note NO visitor badges will be mailed out prior to the Exhibition.

ROME, ITALY
5-10 OCTOBER 2014
www.eumweek.com

EuMW 2014
CONNECTING THE FUTURE

EUROPEAN MICROWAVE WEEK 2014
THE ONLY EUROPEAN EVENT DEDICATED TO THE MICROWAVE AND RF INDUSTRY

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 
see an estimated 1,700 - 2,000 conference delegates, over 5,000 visitors and in excess of 250 exhibitors.

THE EXHIBITION
Concentrating on the needs of engineers, the event showcases the latest trends and developments that are widening 
the field of the application of microwaves. Pivotal to the week is the European Microwave Exhibition, which offers 
YOU the opportunity to see, first hand, the latest technological developments from global leaders in microwave 
technology, complemented by demonstrations and industrial workshops.
Registration to the Exhibition is FREE!
• International Companies - meet the industry’s biggest names and network on a global scale
• Cutting-edge Technology - exhibitors showcase the latest product innovations, offer hands-on demonstrations 
and provide the opportunity to talk technical with the experts
• Technical Workshops - get first hand technical advice and guidance from some of the industry’s leading 
innovators

BE THERE
Exhibition Dates 	 Opening Times
Tuesday 7th October 	 09:30 - 17:30
Wednesday 8th October 	 09:30 - 17:30
Thursday 9th October 	 09.30 - 16:30

Fast Track 
Badge Retrieval

www.eumweek.com
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Register online and print out your badge in seconds onsite at the Fast Track Check In Desk

Conference Prices
There are TWO different rates available for the EuMW conferences:
• ADVANCE DISCOUNTED RATE – for all registrations up to and including 5th September
• STANDARD RATE – for all registrations made after 5th September

Please see the Conference Registration Rates table on the back page for complete pricing information.
All payments must be in Euros – cards will be debited in Euros.

Online registration is open now, up to and during the event until 10th October 2014

DELEGATES
Registering for the Conference

• 	 Register online at www.eumweek.com
• 	 Receive a confirmation email receipt with barcode
• 	 Bring your email, barcode and photo ID with you to the event
• 	 Go to the Fast Track Check In Desk and print out your delegate badge
• 	 Alternatively, you can register onsite at the self service terminals during the registration opening times 
	 below:

		  - Saturday 4th October (16.00 – 19.00) 	 - Wednesday 8th October (08.00 – 17.00)
		  - Sunday 5th October (08.00 – 17.00) 	 - Thursday 9th November (08.00 – 17.00)
		  - Monday 6th October (08.00 – 17.00) 	 - Friday 10th November (08.00 - 10.00)
		  - Tuesday 7th October (08.00 – 17.00)

Once you have collected your badge, you can collect the conference proceedings on USB stick and delegate
bag for the conferences from the specified delegate bag area by scanning your badge.

ROME, ITALY
5-10 OCTOBER 2014
www.eumweek.com

EuMW 2014
CONNECTING THE FUTURE

EUROPEAN MICROWAVE WEEK 2014
THE CONFERENCES

Don’t miss Europe’s premier microwave conference event. The 2014 week consists of three conferences and associated workshops:
• 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’.
The three conferences specifically target ground breaking innovation in microwave research through a call for papers explicitly 
inviting the submission of presentations on the latest trends in the field, driven by industry roadmaps. The result is three superb 
conferences created from the very best papers, carefully selected from over 1,100 submissions from all over the world. Special 
rates are available for EuMW delegates. For a detailed description of the conferences, workshops and short courses please visit 
www.eumweek.com. The full conference programme can be downloaded from there.

Fast Track 
Badge Retrieval
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Reduced rates are offered if you have society membership to any of the following*: EuMA, GAAS, IET or IEEE.
EuMA membership fees: Professional € 25/year, Student € 15/year.
If you register for membership through the EuMW registration system, you will automatically be entitled to discounted member rates.
Reduced Rates for the conferences are also offered if you are a Student/Senior (Full-time students 30 years or younger and Seniors 65 or older  
as of 10th October 2014).

Proceedings on USB Stick
All papers published for presentation at 
each conference will be on a USB stick, 
given out FREE with the delegate bags to 
those attending conferences. For additional 
USB sticks the cost is € 50.

Concert and Gala Dinner 
Wednesday 8th October 2014
The Gala Dinner and Concert will take place 
in the historical palace Palazzo Brancaccio 
and costs € 35 per person. Please note places 
are limited and assigned on a first-come-first-
served basis.

International Journal of Microwave  
and Wireless Technologies
Int’l Journal printed issues (6/year) € 42

DVD Archive EuMC  
DVD Archive EuMC 1969-2003 FREE
DVD Archive EuMC 2004-2008 € 10

CONFERENCE REGISTRATION INFORMATION
EUROPEAN MICROWAVE WEEK 2014, 5th - 10th October, Rome, Italy

Register Online at www.eumweek.com
ONLINE registration is open from 1st June 2014 up to and during the event until 10th October 2014.

ONSITE registration is open from 16:00h on 4th October 2014.
ADVANCE DISCOUNTED RATE (up to and including 5th September) STANDARD RATE (from 6th September & Onsite)

ADVANCE REGISTRATION CONFERENCE FEES (UP TO AND INCLUDING 5TH SEPT.)
CONFERENCE FEES ADVANCE DISCOUNTED RATE

Society Member
(*any of above) Non Member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC € 440 € 120 € 580 € 160
EuMIC € 340 € 110 € 450 € 150
EuRAD € 300 € 100 € 390 € 130
2 Conferences
EuMC + EuMIC € 630 € 230 € 830 € 310
EuMC + EuRAD € 600 € 220 € 780 € 290
EuMIC + EuRAD € 520 € 210 € 680 € 280
3 Conferences
EuMC + EuMIC + EuRAD € 760 € 330 € 1000 € 440

STANDARD REGISTRATION CONFERENCE FEES (FROM 6TH SEPT. AND ONSITE)
CONFERENCE FEES STANDARD RATE

Society Member
(*any of above) Non Member

1 Conference Standard Student/Sr. Standard Student/Sr.
EuMC € 580 € 160 € 760 € 210
EuMIC € 450 € 150 € 590 € 200
EuRAD € 390 € 130 € 510 € 170
2 Conferences
EuMC + EuMIC € 830 € 310 € 1080 € 410
EuMC + EuRAD € 780 € 290 € 1020 € 380
EuMIC + EuRAD € 680 € 280 € 880 € 370
3 Conferences
EuMC + EuMIC + EuRAD € 1000 € 440 € 1310 € 580

WORKSHOP AND SHORT COURSE FEES (ONE STANDARD RATE THROUGHOUT)
FEES STANDARD RATE

Society Member
(*any of above) Non Member

Standard Student/Sr. Standard Student/Sr.

1/2 day WITH Conference registration € 90 € 70 € 120 € 90

1/2 day WITHOUT Conference registration € 120 € 90 € 160 € 120

Full day WITH Conference registration € 130 € 100 € 170 € 120

Full day WITHOUT Conference registration € 170 € 130 € 220 € 160

SPECIAL FORUMS & SESSIONS

Date Time Title Location No. of Days Cost

Wednesday 
8th October 09:00h - 18:20h Defence, Security & Space Forum Flavia 1

€ 10 for delegates  
(those registered for  

EuMC, EuMIC or EuRAD)

€ 50 for all others   
(those not registered  

for a conference)
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ROME, ITALY
5-10 OCTOBER 2014
www.eumweek.com

EuMW 2014
CONNECTING THE FUTURE

SIX DAYS ONE EXHIBITIONTHREE CONFERENCES  

Register online now at www.eumweek.com

EUROPEAN MICROWAVE WEEK 2014 
FIERA DI ROMA, ROME, ITALY  

OCTOBER 5 - 10, 2014

EUROPE’S PREMIER MICROWAVE, RF, 
WIRELESS AND RADAR EVENT

The Exhibition (7th - 9th October 2014)
Pivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity 
to see, first hand, the latest technological developments from global leaders in microwave 
technology, complemented by demonstrations and industrial workshops. Register as an 
Exhibition Visitor at www.eumweek.com. Entrance to the Exhibition is FREE.

The Conferences:
Don’t miss Europe’s premier microwave conference event. The 2014 week consists of three 
conferences and associated workshops:
• European Microwave Integrated Circuits  Conference (EuMIC) 6th – 7th October
• European Microwave Conference (EuMC) 6th – 9th October
• European Radar Conference (EuRAD)  8th – 10th October 
• Plus, Workshops and Short Courses from 5th October
• In addition, EuMW 2014 will include the ‘Defence, Security and Space Forum’
Register for the conference online at: www. eumweek.com

Conference prices
There are TWO different rates available for the EuMW conferences:
•  ADVANCE DISCOUNTED RATE - for all registrations up to and including 5th September
• STANDARD RATE - for all registrations made after 5th September
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Product Catalog
Anapico has released the new 
product catalog 2014/15 showing 
its latest releases of RF and micro-
wave signal generators, synthesiz-
ers and phase noise analyzers. You 
will find key features and perfor-
mance of Anapico’s products rang-
ing up to 26 GHz. The brochure is 
available directly from Anapico or 
from one of its authorized repre-
sentatives.
Anapico,  
www.anapico.com. 

Application Note 

AWR Corp., in collaboration with 
its customer Jose Luis Flores, 
has added two new application 
notes to its technical papers li-
brary.  These application notes 
introduce a technique known as 
auxiliary generator (AG) for non-
linear circuit analysis. AG is useful 
for broadening the set of solutions 
that can be reproduced from a 
harmonic-balance analysis and can 
help study their stability proper-
ties in order to optimize a nonlin-
ear circuit for a desired response.
AWR Corp.,  
www.awrcorp.com.

Spectrum Analysis Basics 
– A Resource Toolkit 

Insight into the workings of a 
spectrum analyzer can help you 
get the most out of it as a mea-
surement tool. Learn about the 
fundamentals with Agilent’s most 
popular and recently updated ap-
plication note, “Spectrum Analy-
sis Basics”, which is paired with a 
toolkit of demo videos, web apps, 
articles and related material.
Agilent Technologies, 
www.agilent.com.

New Mobile Device App  
 

AR RF/Microwave’s new mobile 
app is available as a free download 
from Apple iTunes and Google 
Play. This application is a quick 
and easy tool to access various 
content for AR’s products. Home 
screen icons give you easy access 
to basic and full product descrip-
tions, app notes, AR’s literature li-
brary, YouTube videos, contact in-
formation and social media icons. 
For more detail and to download 
the app, visit www.arww-rfmicro.
com/html/ar-moblie-app.asp.   
AR RF/Microwave,  
www.arww-rfmicro.com.

GPU Computing in 
CST STUDIO SUITE 

The 3D electromagnetic simula-
tion tool, CST STUDIO SUITE®, 
supports GPU computing in sev-
eral solvers. The high memory 
bandwidth and parallel process-
ing abilities of GPU cards mean 
that GPU computing can provide 
significant simulation speed ad-
vantages over conventional CPU 
computing. This brochure explains 
the benefits of GPU computing 
for the transient solver, integral 
equation solver and particle-
in-cell solver. Find out more at  
https://www.cst.com/gpu.
CST, 
www.cst.com/gpu.
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INTRODUCTION
Nonlinear circuits are known to have multiple mathematical solutions for the same set of 

input parameters, but only one is observed in practice; that known as the stable solution, 

as opposed to non-observable or unstable solutions, which cannot withstand the noise 

fl uctuations affecting physical systems and vanish.

To predict nonlinear circuit behaviour, harmonic balance (HB) is a popular and useful 

frequency-domain technique. But given its mathematical nature, it can only converge to 

mathematical solutions being harmonically related to the input sources into the circuit. 

Nevertheless, the mathematical solutions to a nonlinear system do not necessarily need 

to be harmonically related to the input signals (i.e., autonomous oscillator or non-harmonic 

spurious from amplifi ers) and here is where the conundrum begins.

The only thing that can be said about a converged result from HB is that it is a steady-state 

mathematical solution to the nonlinear circuit. Now, on the other hand, there is also time-

domain integration for the prediction of nonlinear-circuit behaviour. While the time-domain 

approach typically converges to observable solutions, it is not always practical for the 

optimization of nonlinear circuits under a particular steady-state response, as these methods 

may require long simulation times before reaching the stationary regime. Also, they can be 

inhospitable to some circuit elements or functions. This is when/where the AG feature being 

employed within the NI AWR Design Environment™ can be advantageous.

Nonlinear Circuit Analysis in Time and Frequency-domain
Example: A Pure LC Resonator

inhospitable to some circuit elements or functions. This is when/where the AG feature being 

employed within the NI AWR Design Environment™ can be advantageous.

AWR Microwave Office® Application Note

The NI AWR Design Environment 
inclusive of schematic editor, layout, 
and circuit (harmonic-balance) 
simulators.

“At a Glance” Brochures 

Empower RF Systems continues 
to add to its selection of continu-
ously updated and downloadable 
“At a Glance” brochures which 
detail (in separate editions) an 
overview of the company, recom-
mended products for key markets 
and new product introductions as 
they occur. Twelve different docu-
ments, organized and consistent in 
presentation of key information, 
can be accessed via the website. 
The “At a Glance” materials are 
especially useful for engineers, 
buyers and sales reps.
Empower RF Systems Inc.,
www.empowerrf.com.
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A one day Forum addressing the application of RF integrated systems to 
defence & security infrastructure

The 2014 Defence, Security 
and Space Forum
At European Microwave Week

Wednesday 8 October • Room Flavia, Fiera di Roma Conference & Exhibition Centre, Rome

Sponsored by:

Programme
09:00 - 10:40 Microwave Journal Industry Panel Session
The session offers an industry perspective on the key issues facing the defence, security and space sector. In 
accordance with the theme for 2014, the Panel will address: Defence and security infrastructure.

11:20 - 13:00 EuRAD Opening Session

13:10 - 14:10 Strategy Analytics Lunch & Learn Session
This session will add a further dimension by offering a market analysis perspective, 
illustrating the status, development and potential of the market.

14:20 - 16:00 Integrated RF solutions and its enabling and disruptive 
technologies on critical infrastructures and civil protection
Speakers from industry and academia present RF solutions and systems that contribute to civil protection, the 
protection of our critical infrastructures and disaster relief. The topics will be:
• The domino effects in critical infrastructures
•  Civil protection, protection of critical infrastructures, disaster relief: vertical applications over a common 

architecture with heterogeneous communications
• Threats and countermeasures in the homeland security scenario
• Security at European institutional level
The three most highly rated unsolicited papers will complete the analysis of the main session topic. 

16:40 - 18:20 EuMW Defence, Security & Space Executive Forum
Two executives from space industry and governmental institutions present their view
on defence and space systems for our security. The titles of these two VIP talks will 
be announced closer to the event on the EUMW2014 website.
These two presentations will be complemented by three pitch presentations:
• Joint Applications of Airborne and Spaceborne Radars
• Instrumented fuzes for areo-balistics diagnostics of large-caliber projectiles
• New Technologies and Innovative Payload for Space Q/V-Band Telecommunications
The session will conclude with an open forum discussion with all speakers.

18:20 - 19:00 Cocktail Reception
The opportunity to network and discuss the issues raised throughout the Forum in an informal setting.

Registration fees are €10 for those who have registered for a conference and 
€50 for those not registered for a conference. 

Defence and security infrastructure.

This session will add a further dimension by offering a market analysis perspective, 

Speakers from industry and academia present RF solutions and systems that contribute to civil protection, the 

Two executives from space industry and governmental institutions present their view
on defence and space systems for our security. The titles of these two VIP talks will 

Register online at
www.eumweek.com
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RF and Microwave 
Products

Pasternack’s latest 264 page catalog 
contains the largest selection of RF 
and microwave products available 
for same-day shipping worldwide. 
Improved features to the catalog 
include an updated adapter and 
cable assembly matrix that allows 
the user to easily identify all avail-
able in-series and between-series 
confi gurations. Product locators in 
the connector, adapter and cable 
assembly sections have also been 
modifi ed for ease of use. The Pasternack catalog also includes useful refer-
ence charts, indexes and a glossary of commonly used RF terms. 
Pasternack, 
www.pasternack.com.

Product Selection Guide
This short form catalog includes a 
wide variety of surface mount volt-
age-controlled oscillator (VCO) 
and phase-locked loop synthe-
sizer (PLL) modules ranging from 
40 MHz to 15 GHz. A complete 
listing of all available parts and 
specifi cations can be found on the 
company’s website. Users can also 
download an electronic version of 
the product guide online at www.
zcomm.com or contact the com-
pany at sales@zcomm.com for a 
hard copy version.
Z-Communications,
www.zcomm.com.

RF Switch Matrix 
Products

SenarioTek’s new catalog features 
the recently expanded FlexMatrix 
RF switch matrix family, which 
delivers off-the-shelf performance 
from DC up to 40 GHz. FlexMa-
trix offers test engineers a high 
performance RF switching capa-
bility over the broadest range of 
standard input and output con-
fi gurations for applications such 
as radar, military communications, 
consumer wireless and signal in-
tegrity. To reduce cost of owner-
ship, FlexMatrix products are de-
signed for reliability with a guarantee of up to 10 million switch cycles and 
a standard three year warranty.
SenarioTek,
www.senariotek.com.
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CatalogUpdate

SATCOM Product Guide

Mini-Circuits has released its new 
SATCOM product guide in print 
and for download from its website. 
This 32-page guide features a full 
survey of components and assem-
blies for satellite and earth station 
systems. With selected products 
from over 20 different product 
types to 40 GHz, the guide pro-
vides key performance parameters 
for each product and serves as 
a handy reference for engineers 
evaluating parts for their design 
needs.
Mini-Circuits, 
www.minicircuits.com.
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RF/Microwave Training Series
Presented by: Besser Associates
• Mixers and Frequency Conversion

Technical Education Training Series
•  Simulating Dynamic Load Modulated Amplifi ers: An Alterna-

tive Solution to Maintaining Effi ciency over a Power Range
•  Unleashing 5G mm-waves: A Test & Measurement Perspective
• A Guide to the Design of Laminate PCBs at Microwave Frequencies
• Overview of FEKO Suite 7.0
• Practical Antenna Design for Advanced Wireless Products
•  Antenna Measurements in Under 1 Second Using Very-Near-

Field Technology
•  PCB Material Selection for RF/Microwave/Millimeter-wave 

Design
• The Design of a 100 W, X-Band GaN PA Module
•  Learn How to Select the Right RF Product Solution to Improve 

Overall Radar Performance
•  Current Induced in Si RFIC Substrates by Spiral Inductors and 

Patterned Ground Shields
•  Overcome LTE-A and 802.11ac Manufacturing Test Challenges 

with Agilent’s New EXM
• Analysis of FMCW Radar Signals in Automotive Applications
• Learn to Make Power Amplifi er Tests Faster!
•  Overcome LTE-A UE Design Test Challenges with Agilent’s 

New UXM
• Design and Simulation of Modern Radar Systems
• PCB Material Selection for High Speed Digital Design
•  Improve Overall System Performance with New TriQuint GaN 

Products
• Recent Developments in Continuous Mode RF PA Design
•  Freescale and Scintera: The Small Cell Transmitter Solution 

Provider

CST Webinar Series 
•  New Features for MW, RF and Optical Simulation in CST 

STUDIO SUITE 2014

Innovations in EDA/Signal Generation & Analysis 
Series
Presented by: Agilent EEsof EDA/Agilent Technologies
•  Designing Custom Filters using Direct Synthesis and Network 

Transforms
•  ADS 2014: New Technologies, New Capabilities & Impressive 

Productivity Improvements
• Non-Standard Connection Characterization with ATE Systems
•  How to Improve PA Performance and Reliability Using Electro-

Thermal Analysis

Agilent in Aerospace/Defense Series
• Effectively Maintain Mission Critical Communication Systems
• Understanding Low Phase Noise Signals

Agilent in LTE/Wireless Communications Series
• IEEE 802.11ad (WiGig) PHY and Measurement Challenges
• E-Band Wireless Backhaul: System Design and Test Challenges
• Carrier Aggregation: Fundamentals and Type of Deployments

FieldFox Handheld Analyzers Series
Presented by: Agilent Technologies
•  Techniques for Precise Cable and Antenna Measurements in 

the Field
• Precision Validation of Radar System Performance in the Field

RF and Microwave Education Series
Presented by: Agilent Technologies
• EMC Back to Basics
• Successful Modulation in 3 Steps

Presented by:

Past Webinars On Demand

July Short Course Webinars
Addressing Design and Test Challenges for the New 
LTE-Advanced Standard
Presented by: Agilent Technologies
Live webcast: 7/15/14

RF and Microwave Education
Techniques for Analyzing Millimeter Wave Signals
Using Harmonic Mixing
Presented by: Agilent Technologies
Live webcast: 7/17/14

Register to attend at 
mwjournal.com/webinars

Agilent in Wireless Communications
A Day in the Life of your Cell Phone
Live webcast: 7/24/14

Scan page
using           app
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New Products
for more new products, visit www.mwjournal.com/buyersguide 
featuring V  storefronts

Components
High Current Air Core Inductors

Coilcraft’s new VS Se-
ries air core inductors 
combine current rat-
ings of up to 57.0 Amps 
and excellent Q factors, 
making them ideal for 
high current IF/RF ap-
plications. Other appli-

cations include high power filtering, high frequen-
cy VRMs where magnetic material must be avoid-
ed (e.g., in MRI machines), and as high current IF 
chokes. The VS Series is offered in three sizes/con-
figurations. The 1010VS measures 10 × 10 mm, 
with a maximum height of 6.10 mm.
Coilcraft, 
www.coilcraft.com

Millimeter Wave Guide  
Balanced Mixers

Ducommun La-
Barge Technolo-
gies offers 6 
waveguide bands 
balanced mixers 
to cover the fre-
quency spec-

trum from 26.5 to 110 GHz. These mixers employ 
high power performance GaAs Schottky beam 
lead diodes and balanced configuration to pro-
duce superior performance and a moderate LO 
pumping level. The mixers are designed for full 
RF waveguide band operation with extremely 
wide IF bandwidth. Typical conversion loss for 
these mixers is 5 to 10 dB. Ducommun mixers 
can be used for test equipment, communication 
systems and radar receivers where frequency 
down conversion is required.
Ducommun Inc., 
www.ducommun.com.

Low-Loss Wideband Hybrid 
Couplers

EMC Technology has 
released a new series of 
low-loss wideband hy-
brid couplers. The in-
novative HybriX® sig-

nal distribution product family, WH0530TF 
and WH1727F are the flagships of the new wide-
band hybrid coupler series power combining ef-
ficiency is maximized with low insertion loss and 
excellent amplitude and phase balance. HybriX 
products have been the preferred choice by RF 
and microwave designers in commercial wireless 
and space/military industries. Samples and eval-
uation boards are available now for these new 
low-loss wideband hybrid couplers.
EMC Technology, 
www.emc-rflabs.com.

Tunable RF Filters
Fairview Microwave’s 
tunable RF filters are 
commonly used in lab 
environments for test-

ing many frequency bands including PCS, 
UHF, PMR, Tetra, LTE and WiFi. The tunable 
bandpass filters and band reject filters, also 
known as bandstop filters or band-rejection fil-
ters, are effective in band selection or frequen-
cy discrimination with high attenuation greater 
than 50 dB, allowing for excellent noise, har-
monic and adjacent-band reduction. Fairview’s 
tunable filters are designed with ruggedized 
aluminum casings with critical surfaces being 
silver plated, making them highly durable in a 
demanding environment.
Fairview Microwave, 
www.fairviewmicrowave.com.

Digitally Controlled BPSK 
Modulator
Model M1D-48N-2 is a digitally controlled PIN 
diode BPSK modulator that operates from 2 to 
6 GHz with a phase shift of 180º. The 

amplitude bal-
ance is ±0.5 dB 
with a phase vs. 
frequency of  
±5.0º. This unit 
features an in-
sertion loss of 
less than 2.5 dB 

with a 1.75:1 VSWR in 50 ohms. The supply volt-
age accommodates up to ±5 VDC @ ±50 mA with 
a handling power of +27 dBm CW, 1 W max. It 
offers TTL compatible logic and the switching 
speed is less than 100 nsec. max. The package size 
is 2.25" × 1.38" × 0.50".
G.T. Microwave Inc., 
www.gtmicrowave.com.

Broadband Microlithic® IQ Mixers
Nearly all small form factor IQ mixers avail-
able on the market today are single octave units 
with frequency ranges (2:1, i.e. 15 to 23 GHz, 
6 to 10 GHz, etc). Marki Microwave is proud 
to break the mold with the introduction of new 
Microlithic® IQ mixers, covering bands of 2 to 
18 GHz and 4 to 16 GHz. Each of these mixers 
features excellent phase and superior amplitude 
balance, leading to typical untuned sideband 
suppressions of 30 dB.
Marki Microwave, 
www.markimicrowave.com.

High Power Reflective Solid State 
Switch

PMI Model No. P2T-1G1R1G-25-R-SFF-100W 
is a single pole, two throw, hermetically 

sealed reflective switch 
designed to operate 
over the 1 to 1.1 GHz 
frequency range. This 
model is designed to 
handle 100 W average 
input power and 5 W 
peak having a 17 usec 

pulse width and 2 percent duty cycle.
Planar Monolithics Industries Inc., 
www.pmi-rf.com.

Ultra Low Phase Noise DRO
Model SDRO1000-8 is an ultra-low phase noise 
voltage controlled dielectric resonator oscillator 
ideal for applications in high quality phase 

locked sources for sin-
gle frequency applica-
tions. It is a vital signal 
source for RADAR, test 
instruments and high 
speed clocking circuits. 
This VCO operates at a 
fundamental output of 

10 GHz, with low power consumption from an 
+8 V supply with less than 25 mA of current. 
The phase noise is -107 dBc/Hz at 10 kHz off-
set; operating temperature from -15° to +75°C.
Synergy Microwave Corp., 
www.synergymwave.com.

Absorptive VHF Lowpass Filter

The Model AF9349 is a 
VHF, lowpass absorp-
tive filter, covering the 
10 to 150 MHz band-
width. This high power 
design is conservatively 
rated at 500 W CW 
(passband), and 100 W 

CW (stopband). The rejection is guaranteed at -50 
dB from 300 to 1500 MHz. The rejection is guaran-
teed at -50 dB from 300 to 1500 MHz. This com-
pact design measures just 4.5" × 1.75" × 1.13", and 
is ideal for military and commercial applications.
Werlatone Inc., 
www.werlatone.com.

Isolators and Circulators
The HMI and HMC se-
ries broadband ferrite 
junction isolators and 
circulators are available 
from 18 to 120 GHz. 
They utilize a low loss 

H-plane structure in a modified Y-junction for-
mat to provide minimum loss with maximum 
isolation and bandwidth. 2 GHz bandwidth with 
20 dB of isolation are standard. Wider band-
width, high power handling and magnetic 
shielding are available in select units.
HXI Millimeter Wave Products, 
www.hxi.com.

DAS Band Power Divider
Response Microwave 
Inc. announced the 
availability of its new 
DAS band power divid-
ers for use with distrib-
uted antenna applica-

tions. The new RMPD2.3000Nf covers the 600 
to 3000 MHz band offering typical electrical 
performance of 0.25 dB insertion loss, VSWR of 
13.5:1 and isolation of 20 dB minimum. Power 
handling is 25 W and the unit is operational 
over the -35° to +85°C range. Mechanical pack-
age is 2" × 2" × 0.75", plus N female connectors. 
Unit configurations are available in 2-way, 
3-way, 4-way, 8-way and 16-way splits.
Response Microwave Inc., 
www.responsemicrowave.com.
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Plastic
Ceramic

515 rev D

$199
from ea.(qty.  1000) DC  - 20 GHz 2W ATTENUATORS

Ultra Small  2x2mm

RoHS compliant

Save PC board space with our new tiny 2W fixed value 
absorptive attenuators, available in molded plastic or high-rel 
hermetic nitrogen-filled ceramic packages. They are perfect 
building blocks, reducing effects of mismatches, harmonics, and 
intermodulation, improving isolation, and meeting other circuit 
level requirements. These units will deliver the precise attenuation 
you need, and are stocked in 1-dB steps from 0 to 10 dB, and 
12, 15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver 
reliable, repeatable performance from DC-20GHz under 
the harshest conditions. With sample prices starting at 

only $4.95 ea. (qty. 20), these units are qualified to meet 
MIL requirements including vibration, PIND, thermal shock, 
gross and fine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high 
thermal conductivity case and has excellent electrical performance 
over the frequency range of DC to 18 GHz, for prices as low as 
$2.99 ea. (qty. 20). 

For more details, just go to minicircuits.com – place your   
order today, and you can have these products in your hands 

as soon as tomorrow!

http://www.modelithics.com/mvp/Mini-Circuits/

FREE Simulation Models! 

Mini-Circuits®

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

Finally, smaller is bet-
ter! Check out SV Mi-
crowave’s new SMPS 
connector series, the 
next generation in min-
iature blindmate con-

nectors. The line is directly compatible with the 
G3PO interface. It is 45 percent smaller than 
the SMP and 30 percent smaller than the 
SMPM. The SMPS utilizes SV’s threadless de-
sign of push-on and blindmate connectors and 
is capable of frequencies exceeding 100 GHz. 
Visit the company’s website or email market-
ing@svmicro.com for more information.
SV Microwave, 
www.svmicrowave.com.

Nano Circular Connector
TE Connectivi-
ty announced its 
new CeeLok 
FAS-T nano cir-
cular connector. 
The contact 
conf igurat ion 

minimizes crosstalk, making it ideal for a variety 
of markets and applications, including missiles, 
unmanned aerial vehicles (UAV), soldier sys-
tems and C4ISR. The CeeLok FAS-T nano cir-
cular connector’s ergonomic, nano-miniature 
design requires less weight and bulk. Available 
in board-mount and cable-applied versions with 
quick disconnect or threaded coupling options, 
the connector is suitable for weapons, ground 
support systems, soldier-worn applications, avi-
onics, instrumentation and down-hole teleme-
try tools.
TE Connectivity, 
www.te.com.

Amplifiers
Detector Log Video Amplifier

American Mi-
crowave Corp. 
has introduced a 
form, function 
and fit replace-
ment for the 
Detector Log 

Video Amplifier (Litton part number 27338) 
utilized in the Litton ALR-85 Radar Warning 
Receiver and other related platforms. This an-
nouncement should be of particular interest to 
Air Forces looking for parts to maintain their 
Radar Warning Receiver systems in the F4 and 
F5 fighter aircraft.
American Microwave Corp., 
www.americanmic.com.

Hybrid Power Amplifier

Model 50HM1G6AB-47 is a compact, wide-
band, Class AB solid state hybrid power  

amplifier mod-
ule that instan-
taneously covers 
1 to 6 GHz. It 
operates from a 
single DC volt-
age and pro-
vides 48 dB of 

Cables and 
Connectors
Board-to-Board Power Pin 
Connector

Hirose has 
strengthened its 
board-to-board 
power connec-
tor product of-
fering with the 
development of 
the flexible and 
customizable 

IT-P Series. Featuring a 3-piece structure con-
sisting of the mating receptacle, the interposer, 
and the mounting receptacle, the IT-P Series 
provides a wide range of variable height inter-
posers to achieve board-to-board stack heights 
ranging from 13.5 to 44 mm. The low-profile 
receptacles are designed to ensure an easy re-
flow assembly process to the PCB.
Hirose Electric, 
www.hirose.com/us.

Quick-Lock Connectors
The QLS® Ad-
vanced Quick-
Lock solution 
offers a compre-
hensive range of 
advanced prod-
uct features for 
reliable, quick 

lock interconnection. It is fully backward com-
patible with the quick lock standard offered by 
the company. Typical features include easy and 
fast assembly, high packaging density, simple 
installation without tools and high contact pres-
sure. The range boasts excellent Quick-Lock 
Antenna Interconnection, color coding of the 
locking ferrule, which is plastic and thus exhib-
its very good PIM behavior and high tempera-
ture resistance.
IMS Connector Systems, 
www.imscs.com.

Expanded-Beam Optical Cable 
Assemblies

Molex Inc. an-
nounced its ex-
panded-beam 
ruggedized opti-
cal cable assem-
blies, delivering 
interconnects 
for use in harsh 

environments including aerospace and defense 
tactical communications, security communica-
tions, outside broadcast, petrochemical plant, 
mining and offshore systems. These connectors 
require minimal cleaning and deliver repeat-
able, error-free optical transmissions. They can 
also withstand thousands of mating cycles and 
feature a field-installable and repairable design 
to minimize maintenance downtime. The con-
nectors work by utilizing lenses that expand and 
collimate the light emitting from optical fibers 
across a sealed connector interface.
Molex Inc., 
www.molex.com.
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NewProducts Packaging
Air Cavity Array Packaging
IKE Micro announced the completion of its 
in-house air cavity array packaging capability. 
The line includes automatic 01005/0201 SMT 
placement, die attach from wafer and waffle 
pack, wedge wire/ribbon and ball bonding, coil 
attachment, lid marking, lid attachment and 
dicing of array assemblies.
IKE Micro, 
www.ikemicro.com.

MicroAmp MH-1 Housing Kit
Twin Industries 
MicroAmp MH-1 
housing kits fa-
cilitate rapid 
prototyping of 
2-port circuits. 
The aluminum 
enclosure kits 

include SMA connectors, ground terminal, bias 
feed-through, cover plate, and mounting hard-
ware. The housing will accommodate a single 
Twin Industries MB-series circuit board to cre-
ate a completely shielded 2-port circuit. Enclo-
sure dimensions = 0.920" × 0.750" × 0.375".
Twin Industries, 
www.twinind.com.

Semiconductors/
Integrated Circuits
10 Amp Backup Power Controller IC

Linear Technol-
ogy Corp. intro-
duces the 
LTC3350, a su-
percapac i to r 
charger and 
backup control-
ler IC that in-
cludes all of the 

features necessary to provide a complete, stand-
alone capacitor-based backup power solution. 
Many applications require reliable short-term 
uninterrupted power in the event of a main 
power failure. The LTC3350 provides all Pow-
erPath™ control, capacitor stack charging and 
balancing, and capacitor “health” monitoring to 
ensure that the backup system is capable of reli-
able operation.
Linear Technology, 
www.linear.com.

Limiter Diodes

SemiGen Inc. offers limiter diodes that feature 
fast turn-on time, low loss, low capacitance and 
resistance, and easy bonding. SemiGen’s RF 
Supply Center provides high-quality limiter 
diodes that can be supplied in chip form or in 
a choice of packages. The SemiGen SLP7100 
series of limiter diodes is processed with a high-
resistivity epi that has thin, intrinsic layers. 
These devices are typically in the 2 to 20 micron 
range of epi thickness and can be gold-doped to 
achieve specific performance goals.
SemiGen Inc., 
www.semigen.net.

typical gain with excellent gain flatness, low 
noise figure and low intermodulation distortion 
for military and wireless applications. The unit 
offers over voltage and RF input overdrive pro-
tection and a fault monitor for over/under cur-
rent. Additional output power levels in Class A 
and Class AB configurations are available.
AR RF/Microwave Instrumentation, 
www.arworld.us.

Ultra-Wideband Linear Amplifier
Model AMF-5F-04001200-12-10P is a recent 
addition to MITEQ’s family of low noise, wide-
band, and ultra-small coaxial LNAs in the 4 to 

12 GHz band. 
This LNA has 
over 39 dB of 
gain in a hous-
ing that is only 
0.89" long and 
0.64" wide with-
out the field re-
placeable SMA 

connectors. Gain flatness is a maximum of ±1.5 
dB. The AMF-5F-04001200-12-10P has a maxi-
mum noise figure of 1.2 dB in the full band, 
though the typical value is 1 dB.
MITEQ Inc., 
www.miteq.com.

Medium Power Broadband 
Amplifiers

Pasternack’s new medium power broadband 
amplifiers are offered in 1 and 2 W models and 
range in frequency from 2 to 18 GHz depend-
ing on the RF amplifier configuration. The 

excellent performance 
of these broadband RF 
amplifiers is achieved 
using a hybrid micro-
wave integrated circuit 
design and advanced 
GaAs PHEMT technol-
ogy. The connectorized 
SMA amplifier modules 

are unconditionally stable and include built-in 
voltage regulation, bias sequencing, and reverse 
bias protection for added reliability. These 
wideband power amplifiers have over-voltage 
protection that is installed externally for easy 
repair.
Pasternack Enterprises Inc., 
www.pasternack.com.

4 W Power Amplifier
Model AHP1950-21-4036 is a power amplifier 
offering 40 dB of linear gain and 36 dBm typical 

output power at 
1 dB gain com-
pression point 
over the fre-
quency range 
from 17.5 to 
21.5 GHz with 
excellent gain 

flatness and VSWR. The amplifier has built-in 
DC voltage regulator and requires a single DC 
power supply of +9 to 12 V. The package size of 
the amplifier is 2.6" × 2.0" × 0.50".
Wenteq Microwave, 
www.wenteq.com.
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Test Equipment
PNA-X Network Analyzer

Agilent Tech-
nologies Inc. ex-
panded the 
PNA-X family of 
network analyz-
ers with an 8.5 
GHz model that 
supports lower-

frequency devices used in wireless communica-
tion applications. The PNA-X nonlinear vector 
network analyzer (NVNA) has also been ex-
panded to include an 8.5 GHz model. The new 
solutions provide engineers developing and 
manufacturing active devices the fl exibility to 
select just the right frequency required for their 
specifi c application. The 8.5 GHz PNA-X offers 
the unmatched performance and capabilities 
needed to deliver on all fronts.
Agilent Technologies Inc.,
www.agilent.com.

DAS Tray DCC500 Series

Microlab is releasing the active DAS tray 
DCC500 Series as part of the low PIM DAS 
tray product line. The DAS Control Rack 
(DCR) is the monitoring and controlling unit 
for Microlab’s DCC Series® product offering. 
The stand-alone 19" rack mount 1RU system al-
lows for real time monitoring of 8 independent 
wideband channels, 698 to 2700 MHz. These 
channels are comprised of 4 uplink and 4 down-
link sections that can be monitored and con-
trolled locally or remotely.
Microlab,
www.microlab.fxr.com.

RF Signal Generators

Mini-Circuits SSG-series portable synthesized 
signal generators are high-performance and 
cost-effective signal sources ideal for produc-
tion, lab and fi eld test environments. All models 
come standard with pulse modulation, frequen-
cy and power level scheduling for applications 
requiring automation capability, frequency hop-
ping, USB control and  GUI software. Special 
features include, high power output, low har-
monics, expanded frequency range, AM, PM 
and FM capability, frequency resolution in step 
sizes as small as 0.01 Hz, power level resolution 
in step sizes as small as 0.001 dB, fast tuning 
(< 300 µs), and TCP/IP Ethernet control.
Mini-Circuits,
www.minicircuits.com.

Sources
Voltage Controlled Oscillator
Crystek’s CVCO55CC-3274-3280 VCO oper-
ates from 3274 to 3280 MHz with a control 

voltage range of 
0.3 to 4.7 V. This 
VCO features a 
typical phase 
noise of -115 
dBc/Hz @ 10 
kHz offset and 
has excellent 

linearity. Output power is typically +5 dBm. 
The model CVCO55CC-3274-3280 is packaged 
in the industry-standard 0.5" × 0.5" SMD pack-
age. Input voltage is 8 V, with a max. current 
consumption of 30 mA. Pulling and pushing are 
minimized to 3 MHz and 0.1 MHz/V, respec-
tively. Second harmonic suppression is -12 dBc 
typical.
Crystek Corp.,
www.crystek.com.

E-Band Active × 4 Multiplier

Model SFA-713863410-12KF-S1 is a 71 to 86 
GHz × 4 active multiplier which is designed for 
E-Band communications and automotive 

radar applica-
tions. The active 
multiplier con-
verts 17.75 to 
21.5 GHz/+5 
dBm input sig-
nal to deliver 71 
to 86 GHz fre-

quency band with a typical +10 dBm output 
power. The spurious and harmonic suppres-
sions of the multiplier are 60 dBc, 20 dBc or 
better, respectively. The multiplier draws 250 
mA current from a +8 VDC DC power supplier.
SAGE Millimeter Inc.,
www.sagemillimeter.com.

Direct Digital Synthesizer

Ultraview Corp. announced a dual DDS PCIe 
board with rapid profi le switching for demand-
ing uses in communications, radar, medical im-
aging, spectroscopy, RF/microwave testing and 
other critical applications. The Synth1000x2 
can be set to produce two independent sine 
wave outputs, the frequency, amplitude, option-
al sweep rate and phase of which can either be 
changed manually using either a LabVIEWTM 
or QT GUI, or alternatively can be dynamically 
switched in real time (in under 50 ns), allowing 
the creation of complex modulated carriers, or 
rapid waveform sequences.
Ultraview Corp.,
www.ultraviewcorp.com.
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SPECIAL HERMETIC PRODUCTS, INC.
PO BOX 269 – WILTON – NH – 03086
(603) 654-2002 – Fax (603) 654-2533

E-mail: sales@shp-seals.com
Web: www.shp-seals.com

S HP

REVOLUTIONARY 
HERMETIC SMP CONNECTORS

These SMPs meet the requirements of 
MIL-STD-348, but utilize unique housing 

interface features, which significantly improves
reliability and production assembly yields.

Proprietary techniques are used to independently
control plating thickness on pin and housing.

For use with Aluminum, Kovar 
and other package materials

WR137

WR229
WRD580

p: 561-842-3550
f: 561-842-2196

Waveguide & Coaxial Switches
WR10 thru WR975

WR75

VALUE · QUALITY · FAST DELIVERY

LOGUS.comLOGUS.com

MICRO-ADS

1x1mm MMIC Cascadable Absorptive 
Reflectionless Filters 

• 3rd-order Inverse Chebyshev response 
with excellent impedance match in pass-
band, stop-band and transition band 

• Ideal for RF/Microwave systems operating 
from DC to 40 GHz 

• Standard low-pass and high-pass designs 
cover 500 MHz - 24 GHz plus custom 
frequencies available upon request 

National Radio Astronomy Observatory 
1180 Boxwood Estate Rd, Charlottesville, VA  22903 

434-296-0236  tto@nrao.edu 
More detail & datasheet: 

www.nrao.edu/new/tt/reflectionless-filters 

• Absorbs spurious 
signals  

• Reduces cross-
channel coupling 

• Greater ampli-
tude, phase 
stability and 
linearity 

• Better out-of-
band termination 
of mixers and 
amplifiers 

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613 384 3939 -  Fax: 613 384 5026 

e-mail: info@astswitch.com

W W W . A S T S W I T C H . C O M

MICROWAVE SWITCHES FOR THE TELECOM INDUSTRY

WAVEGUIDE SWITCHES - COAXIAL SWITCHES - DUAL SWITCHES

WE ARE THE WAVEGUIDE &  COAXIAL SWITCH EXPERTS 
YOUR #1 SOURCE FOR MICROWAVE SWITCHES

QUALITY, SERVICE & QUICK DELIVERIES UNMATCHED IN THE INDUSTRY
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US:    Call   1-800-225-9977 (in the U.S. or Canada),  
or 1-781-769-9750, ext. 4030

 Fax to: 1-781-769-6334
 E-mail to: artech@ArtechHouse.com

UK:  Call +44 (0)20 7596 8750
 Fax to: +44 (0)20 7630-0166
 E-mail to: artech-uk@ArtechHouse.com

A R T E C H  H O U S E 685 Canton Street, Norwood, MA  02062  USA 

16 Sussex Street, London SW1V 4RW UKB O S T O N   L O N D O N

ARTECH HOUSE

For complete descriptions and to order, visit 

ArtechHouse.com
All orders plus shipping/handling and applicable taxes. 

MiCROwAvE TiTlES  
AvAilAble Now! 

Practical  
Microwave Circuits
Stephen A. Maas

Hardcover. 352 pp. 
ISBN: 978-1-60807-800-4
$149 / £99

Envelope Tracking Power 
Amplifiers for Wireless 
Communications
Zhancang Wang

Hardcover. 362 pp.
ISBN: 978-1-60807-784-7
$179 / £119

Behavioral Modeling  
and Linearization of  
RF Power Amplifiers
John Wood

Hardcover. 378 pp.
ISBN: 978-1-60807-120-3
$159 / £109

NEW

BookEnd

W ith modern communications 
systems pushing active devices 
for more effi ciency, more devic-

es are being used in the nonlinear region. 
Dealing with nonlinearity means that new 
measurement and modeling methods are 
required beyond S-parameters.  X-Param-
eters provide a solution to this dilemma.

This book is a comprehensive in-
troduction and guide to X-parameters, 
written by the original inventors and 
developers of this new paradigm for 
nonlinear RF and microwave compo-
nents and systems. It covers how to use 
X-parameters to overcome intricate 
problems in nonlinear RF and micro-

book is to appeal to a broad audience. 
X-Parameters contains real-world case 
studies, defi nitions of standard symbols 
and notation, detailed derivations within 
the appendices, and exercises with solu-
tions, as a useful reference for research-
ers, engineers, scientists and students 
looking to remain on the cutting-edge of 
RF and microwave engineering.

wave engineering. The general theory 
behind X-Parameters is intuitively in-
troduced, and then simplifi ed down to 
specifi c, practical cases, providing use-
ful approximations that will reduce the 
complexity of measuring, modeling and 
designing for nonlinear regimes of oper-
ation. The chapters include a review of 
S-parameters, introduction to X-param-
eters, spectral linearization approxima-
tion, X-parameter measurement, multi-
tone and multi-port cases and memory.

This book targets professional mi-
crowave engineers, device modeling 
engineers and scientists, RF and mi-
crowave circuit designers, electronic 
and communications engineers, CAE 
professionals developing simulator al-
gorithms, and microwave and RF pro-
fessionals developing new high-speed 
instrumentation for a wide range of 
nonlinear characterization applications. 
Due to the inherent interdisciplinary 
nature of X-Parameters, the goal of this 

X-Parameters
David E. Root, 
Jan Verspecht, 

Jason Horn and 
Mihai Marcu

To order this book, contact:
Cambridge University Press
32 Avenue of the Americas
New York, NY 10013-2473

(212) 924-3900
www.cambridge.org

215 pages, $99
ISBN: 978-0-521-19323-8
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International Microwave Symposium
17-22 May 2015  •  Phoenix, AZ17-22 May 2015  •  Phoenix, AZIEEEIEEE MTT-SMTT-S

IMS2015  MUST ATTEND!
The 2015 IEEE MTT-S International Microwave Symposium (IMS2015) is the premier conference for the Microwave 
and RF Industries! With over 9,000 attendees and over 600 industrial exhibits of the latest state-of-the-art 
microwave products, Microwave Week is the world’s largest gathering of Radio Frequency (RF) and Microwave 
professionals and the most important forum for the latest and most advanced research in the area.

SUBMIT YOUR TECHNICAL PAPER  
TO IMS2015 TODAY!

EXPERIENCE ALL THE  
ADVANTAGES OF BECOMING  
AN EXHIBITOR AT IMS2015.

Technical Paper Submissions: Authors 
are invited to submit technical papers describing original 
work on radio-frequency, microwave, millimeter-
wave, and terahertz (THz) theory and techniques. The 
deadline for submission is 8 December 2014. Please 
refer to the IMS2015 website (www.ims2015.org) for 
detailed instructions concerning paper submission, as 
well as a complete list of technical areas. 

Become an Exhibitor: The 2015 IEEE MTT-S  
International Microwave Symposium is the world’s  
premier microwave event. It features a large trade  
show, technical sessions, workshops and panel  sessions 
covering a wide range of topics. Attendee  interests 
include wireless communication, radar,  RF technologies, 
high frequency semiconductors,  electromagnetics, 
commercial and military RF,  microwave and mm-
wave electronics, applications, and much more.  

FOR FULL CONFERENCE DETAILS VISIT
WWW.IMS2015.ORG 

IMS2015 EXHIBIT SPACE IS AVAILABLE.  
For reservation questions or  
further information contact:

The Exhibits Department at MP Associates, Inc.
tel: +303-530-4562  

exhibits@mpassociates.com

JOIN THE CONVERSATION: #IMS2015
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521 rev D

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

Switch Cycle Counting
New Feature! 
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1969 
UC of Berkeley 
grad student, 
Laurence Nagel 
begins develop-
ment of a public 
domain general 
purpose circuit 
simulator called 
SPICE.

1971  
Texas Instruments’ file patent 
on use of automated data pro-
cessing machine to generate a 
continuous analytical objective 
function on a coded circuit rep-
resentation. A program known 
as CAIN.

1973 Les Besser com-
mercializes a program he 
authored called Computerized 
Optimization of Microwave 
Passive CircuiTs (COMPACT) 
and establishes the first micro-
wave CAD company, Compact 
Software.

1983 Chuck Abronson 
and Bill Childs start EEsof, 
releasing Touchstone, the first 
design software to operate on 
the rapidly growing personal 
computer platform.

MicrowaveJournal’s 

Simulation [sim-yuh-ley-shuhn]
Simulation uses mathematical models and various numerical techniques to 
replicate the behavior of an actual electronic device, electrical structure, sys-
tem or circuit. Simulation software allows for modeling of circuit operation 
and is an invaluable analysis tool. Simulating a circuit’s behavior before ac-
tually building it can greatly improve design efficiency by identifying faulty 
designs early and providing insight into the behavior of electronics’ circuits 
and physical designs. Almost all IC design relies heavily on simulation.  

1990 
Microwave 
Journal’s cover 
feature intro-
duces HP’s 
high frequen-
cy structure 
simulator 
(HFSS) co-de-
veloped with 
Ansoft Corp., 
introducing 3D 

finite element methods to RF/
mW design.

1998 AWR first demon-
strates Microwave Office, an 
object-oriented EDA Environ-
ment that includes EM, Circuit 
simulation and schematic cap-
ture at the IMS in Baltimore.

STEM W  rks

1987 HP releases the 
first version of its in-house 
developed linear circuit simu-
lator with integrated schematic 
capture and graphical layout, 
HP Microwave Design System 
(MDS) the pre-cursor to ADS. 
Compact Software introduces 
Microwave Harmonica, the 
first commercialized nonlin-
ear RF circuit simulator using 
harmonic balance techniques 
developed by Rizzoli. 

1989 Jim Rautio 
releases the first version of 
Sonnet software, a planar 
electromagnetic simulator for 
solving and analyzing 2 and 
2.5 dimensional structures.

STEM Works recognizes  

for its support of  
science education.
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❙ World‘s fastest
❙ More than 
 9500 measurements/s
❙ USB capable

Fast. Accurate. 
Power Meters from 
Rohde & Schwarz. 
For decades, RF professionals have trusted power measurement 
solutions from Rohde & Schwarz. With their unrivaled speed and 
fidelity, the ¸NRP-Z8x USB wideband power sensors are the 
market leaders.

More to explore: 
www.rohde-schwarz.com/ad/powersensors
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