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Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products.  Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional
testing instruments.

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing.  And only Picoprobe  offers the
lowest loss, best  match,  low  inductance
power supplies, and current sources on a
single probe card.

(…110 GHz to be exact.)

Picoprobe elevates probe cards to a higher level…

Through unique modular design
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs
Insertion Loss
Return Loss

20GHz
0.8 dB
18 dB

10GHz
0.6 dB
22 dB

40GHz
1.3 dB
15 dB

GGB INDUSTRIES, INC.     •     P.O. BOX 10958     •     NAPLES, FL 34101
Telephone  (239) 643-4400     •     Fax   (239) 643-4403     •     E-mail  email@ggb.com     •    www.picoprobe.com

®
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 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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Enhanced, Expanded, Perfected.

Powerfilm™ attenuators go further.

Inspired by original designs 

produced by Aeroflex / KDI 

decades ago, new Powerfilm 

surface-mount attenuators 

from Aeroflex / Inmet are 

now produced in our new  

USA facility, and enhanced 

to include even more attenu-

ation range and power than 

ever before. Employing a 

proprietary, highly reliable 

thick/thin film processing 

approach, these devices  

are optimized for your high- 

power signal conditioning, 

leveling, gain optimization 

and matching network 

challenges. 

Frequency Performance  
up to 18 GHz

Attenuation Ranges  
up to 20 dB

Power Ranges up to  
100 Watts

They’re easily designed-in, 

are readily available, and  

are priced competitively. 

Visit our website for  

detailed specifications. 

888-244-6638 

www.aeroflex.com/inmet

Start designing today with Modelithics Global Models™.

Scalable equivalent circuit models and S-parameter data are available 

at Modelithics.com, in the simulator libraries of Agilent’s ADS and 

Genesys software, and in AWR’s Microwave Office suite. 
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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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u.s. 1-800-829-4444     canada 1-877-894-4414

Performance is its middle name.

Introducing the world’s fastest, 27 GHz high performance PXIe 
vector signal analyzer (VSA), the realization of Agilent’s microwave 
measurement expertise in PXI. The M9393A integrates core signal 
analysis capabilities and proven measurement software with modular 
hardware speed and accuracy. So you can tailor your system to fi t 
specifi c needs today and tomorrow. Deploy the M9393A and
acquire the performance edge in PXI.

M9393A PXIe performance VSA
Frequency Range 9 kHz to 27 GHz
Analysis Bandwidth Up to 160 MHz
Frequency Tuning 150 μs
Amplitude Accuracy ± 0.15 dB

Download new app note on innovative techniques
for noise, image and spur suppression.
www.agilent.com/fi nd/M9393APXI

Agilent M9393A PXIe performance vector signal analyzer

Scan QR code to 
hear directly from 
M9393A design 
engineers.

© Agilent Technologies, Inc. 2014
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0.1 MHz - 20 GHz

TINY TOUGHEST MIXERS
UNDER THE SUN

NOW

Rugged, tiny ceramic SIM mixers  
offer unprecedented wide band, high frequency 
performance while maintaining low conversion
loss, high isolation, and high IP3.   
   Over  21 models IN STOCK are available to operate 
from an LO level of  your choice, +7, +10, +13, and 
+17 dBm. So regardless of the specific frequency 
band of your applications, narrow or wide band, 
there is a tiny SIM RoHS compliant mixer to select 
from 100 kHz to  20 GHz. Built to operate in tough 

environments, including high ESD levels, the SIM 
mixers are competitively priced for military, 
industrial, and commercial applications. Visit our 
website to view  comprehensive performance  

data, performance curves, data sheets, pcb layouts, 
and environmental specifications. And, you can 
even order direct from our web store and have it in 
your hands as early as tomorrow! 

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

$495
ea. qty.  1000

UP TO 20 GHz!
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from  

0.2"x 0.18"

.
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J U N E
ISPSD 2014
International Symposium on Power 
Semiconductor Devices and ICs
June 15–19, 2014 • Waikoloa, HI
www.ispsd.org

DAS & Small Cells Congress
June 16–18, 2014 • Las Vegas, NV
www.dascongress.com

MRW 2014
6th International Conference Microwave 
and Radar Week
June 16–18, 2014 • Gdansk, Poland
www.mrw2014.lp.edu.ua

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

CALL FOR PAPERS
RWW 2015
July 25, 2014

EDI CON 2015
October 31, 2014

mwjournal.com

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
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

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

Products 
to solutions

MMW 
Amplifiers

Ducommun has more than  
45 years of experience with the 
design, testing and manufacturing 
of standard and custom 
millimeter wave amplifiers.

CO
NT

AC
T 

USFor additional information,  
contact our sales team at  
310.513.7256 or  
rfsales@ducommun.com

W-Band Amplifier
• AFB-W20HP-01
• P1dB @ 13 dBm typ
• Gain @ 30 dB

E-Band High  
Power Amplifier
•  AFB-73062220-01 &  

AFB-83062120-01
• Covers 71-76 & 81-86 GHz
• Psat @ 21 dBm typ
• P-1dB @ 19 dBm typ

V-Band Power Amplifier
• AHP-61181628-01
• Covers 50 to 70 GHz
• P1dB @ 16 dBm typ
• Gain @ 28 dB typ

K & Ka-Band High  
Power Amplifier
• AFB-KKA30GP-01
• Covers 18 to 40 GHz
• P1dB @ 20 dBm typ
• Gain @ 30 dB typ

 Covers 71-76 & 81-86 GHz
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Achieve speed, accuracy, and fl exibility in your RF and microwave test 

applications by combining National Instruments open software and modular 

hardware. Unlike rigid traditional instruments that quickly become obsolete 

by advancing technology, the system design software of NI LabVIEW 

coupled with NI PXI hardware puts the latest advances in PC buses, 

processors, and FPGAs at your fi ngertips.

>> Learn more at ni.com/redefi ne

800 813 5078
 ©2012 National Instruments. All rights reserved. LabVIEW, National Instruments, NI, and ni.com are trademarks of National Instruments. 
Other product and company names listed are trademarks or trade names of their respective companies.

WIRELESS TECHNOLOGIES
National Instruments supports a broad 
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Challenging the Status Quo
Reconfi gurable CMOS RF Front End
Duncan Pilgrim, Peregrine Semiconductor, San Diego, CA

Commercialization of GaN
Doug Carlson, MACOM, Lowell, MA

Editor’s Note: We are at an exciting time in our industry where several technolo-
gies seem poised to start replacing incumbent technologies that have performed 
well for many years causing a large shift in the marketplace. These new technolo-
gies provide the same or better performance at a signifi cantly lower cost and smaller 
footprint.

CMOS PAs have traditionally not been able to match the performance of GaAs 
PAs but now have accomplished that in the form of handset front end PA modules 
even in 4G/LTE applications. With a much lower cost structure and higher level of 
integration, CMOS is now positioned to penetrate the high volume handset front end 
market.

GaN has been able to outperform GaAs PAs and challenge LDMOS PAs but because 
it has been more expensive it has had only limited success in some high performance 
markets. This is changing as GaN on Si is ready to scale to 8 inch wafers and use low 
cost plastic packaging techniques that will signifi cantly reduce the cost of GaN on Si 
and allow it to become a mainstream solution in the RF industry. Microwave 
Journal solicited the following two pieces from companies 
well positioned to challenge the status quo 
with CMOS and GaN technologies.

RECONFIGURABLE CMOS RF FRONT END
Duncan Pilgrim
Peregrine Semiconductor, San Diego, CA

CMOS technology rapidly dominates any 
market where it meets the required perfor-

mance. The reason is clear – the incred-
ible amount of investment in CMOS 
technology has led to massive manu-
facturing scale and continuous process 

technology improvements. When CMOS 
reaches the equivalent performance, it rep-
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Peregrine Semiconductor
and MACOM

resents an infl ection point for rapid transition 
from an incumbent technology to CMOS. This 
principle is well understood in the RF industry 
– advancements in CMOS always yield a dis-
ruption in the marketplace.

Changing the Status Quo in the RFFE
In 2004, Peregrine Semiconductor intro-

duced its fi rst CMOS-based cellular antenna 
switch, which earned market share in size-crit-
ical products due to the high level of integra-
tion and the small footprint. However, it did 
not meet all of the RF performance metrics, 
primarily insertion loss of the incumbent GaAs 
switches. But the release of UltraCMOS® 5 
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RLC is your complete microwave component source...
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RLC Electronics’ electromechanical waveguide switches offer a compact design utilizing a proprietary
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Architecture Overview
This integrated RFFE solution 

based on the UltraCMOS 10 technol-
ogy platform offers an architecture 
that is 100 percent CMOS-based, 
which enables all components to be 
integrated including (see Figure 1):
•	 3-path, multimode, multiband PA
•	 Post-PA switch
•	 Antenna switch
•	 Antenna tuner
•	 Common RFFE MIPI interface

A key factor in Global 1’s design 
is the UltraCMOS 10 technology 
platform, a 130 nm RF SOI technol-
ogy manufactured in partnership with 
GLOBALFOUNDRIES. This recent 
process delivers a 50 percent perfor-
mance improvement as measured us-
ing the RONCOFF figure of merit over 
comparable RF SOI processes.

Each component supports the de-
manding linearity, isolation and low 
loss requirements for LTE devices 
and is tightly integrated in the system. 
This combination of performance 
and integration simplifies the design 
process and reduces the total RFFE 
footprint as much as 50 percent. All of 
the functions are controlled through 
a common MIPI RFFE 1.0 interface, 
allowing easy integration onto plat-
form vendors’ reference designs.

Supporting Technologies
The RFFE meets – and, in certain 

bands, exceeds – the raw power added 
efficiency (PAE) of current alterna-
tives, that are based on a hybrid of 
SOI, bulk CMOS and GaAs technolo-
gies. When supporting technologies, 
such as envelope tracking and digi-
tal pre-distortion (DPD), are added, 
they further enhance the technol-
ogy’s performance advantage. Global 
1 is designed to seamlessly integrate 

technology offered 
the market all of 
the benefits of in-
tegration, size and 
quality and also su-
perior performance 
to GaAs switches. A 
key figure of merit 
used to compare 
the performance 
of switch devices 
is RONCOFF. In a 
perfect switch the 
RON would be zero, 
resulting in zero 
insertion loss, and 
the COFF would be zero, resulting in 
infinite bandwidth. With UltraCMOS 
5 technology, the RONCOFF was 253 
fs, which was for the first time below 
that of GaAs processes. The impact of 
this combination of high-level CMOS 
integration with GaAs-level perfor-
mance can be best illustrated by the 
resulting volume of shipped products. 
It took 10 years to ship the first billion 
chips into the market; following the 
UltraCMOS 5 technology introduc-
tion, it took less than two years to ship 
the 2nd billion. Currently, GaAs an-
tenna switch suppliers are transition-
ing to CMOS to remain competitive 
in the market. With the introduction 
of the UltraCMOS 10 technology in 
2013 and the UltraCMOS Global 1 
RF front end (RFFE) in 2014, anoth-
er performance milestone in CMOS 
performance has been achieved, 
this time with the potential to allow 
CMOS-based power amplifiers (PA) 
to overtake GaAs-based power ampli-
fiers–even in the high-end LTE smart-
phone market.

The Next Inflection Point
The UltraCMOS Global 1 system 

introduces the first reconfigurable 
RFFE, accommodating all 40-and-
growing LTE bands, which allows 
OEMs to develop a single-SKU 
product for all global mobile device 
markets and provides engineers with 
tunability to simplify the design and 
testing of more than 5,000 times in-
crease in possible RFFE states. The 
reconfigurable RFFE is based on an 
RF silicon on insulator (SOI) CMOS 
technology that has a foundation of 
more than 170 filed and pending pat-
ents along with proven manufacturing 
capability that has resulted in more 
than 2 billion units shipped.

s Fig. 1  Peregrine’s UltraCMOS® Global 1 is the first reconfigu-
rable RFFE system.
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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.
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onto any reference-design platform 
and can use any third-party filters and 
envelope-tracking modulator, allow-
ing the flexibility to select the compo-
nents that optimize performance and/
or cost based on the unique criteria of 
the reference design.

Power Amplifier
Before now, GaAs was the only 

technology capable of delivering 
power amplifiers with the high per-
formance LTE devices require. 
After eight years of research and 
development, this technology rep-
resents one of the first CMOS SOI 
power amplifiers to meet the perfor-
mance of GaAs-based products. The  
UltraCMOS Global 1 PA (see Figure 
2) is a multimode, multiband PA that 
monolithically integrates the three 
amplifier paths – bias generation and 
control – via a MIPI interface.

The post-PA switches are integrat-
ed onto the same die as the PA, so it 
can support five unique bands for low 
band, five unique bands for mid band 
and four unique bands for high band. 
The PA supports a range of frequen-
cies: 690 to 915 MHz in the low band, 
1710 to 2100 MHz in the mid band and 

2300 to 2700 MHz in the high band. In 
recent years a single, high-band path 
was all that was required, and this was 
cost-effectively supported via the use 
of a satellite PA. Today’s devices must 
support as many as four different high-
frequency bands, and the integration 
of the high band is critical in order to 
support the roll out of bands – 38 and 
40 for the TD-LTE network in China, 
B7 in Europe and Hong Kong, B41 in 
the United States and other bands in 
various geographic locations.

PA Performance
A standard industry benchmark 

for PA performance is PAE using a  
W-CDMA (voice) waveform at an ad-
jacent channel leakage ratio (ACLR) 
of -38 dBc. Under these conditions, 
the performance of the low band, 
multimode, single-band (MMSB) PA 
is more than 50 percent PAE (see 
Figure 3). This surpasses the lead-
ing GaAs PAs and exceeds the perfor-
mance of other CMOS PAs by 13.5 
percentage points. Initial Global 1 
figures released in February displayed 
the Global 1 PA matching the perfor-
mance of GaAs PAs and exceeding 
CMOS PAs by at least 10 percent-

age points. However, after continued 
product development, Peregrine is re-
porting a higher level of performance 
– a level that exceeds GaAs PAs in cer-
tain bands.

The PA is not limited to W-CDMA – 
using e-UTRA test conditions, Figure 4 
shows a typical LTE drive-up curve with 
a 25 resource block (RB) QPSK signal 
at 782 MHz. The ACLR1 is very well 
behaved, and the PA has been designed 
to work over the entire output power 
range. At -35 dB ACLR, the PA achieves 
approximately 43 percent efficiency for 
a MMSB PA using a 25 resource block 
(RB) QPSK signal at 782 MHz. These 
curves are very similar to the perfor-
mance of a state-of-the-art GaAs PA.
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s Fig. 2  Peregrine’s UltraCMOS Global 1 PA can exceed the performance of GaAs-based LTE PAs and offers substantially more integration benefits.

s Fig. 3  The Global 1 PA has better 
performance than GaAs and exceeds the 
performance of existing CMOS PAs by 13.5 
percentage points.
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on the selected ET 
solution. As such, 
the design can sup-
port a broad range 
of ET modulators, 
giving engineers a 
full range of choice 
for optimizing their 
reference designs.

As an example, Per-
egrine has completed  
testing using Nujira’s  
NCT-L1300 en-
velope tracker in 
conjunction with an  
UltraCMOS MMSB 
PA. This combina-
tion yields a more 
than an 18 percent 
point PAE perfor-
mance improve-
ment (see Figure 

6) and results in a system efficiency 
of more than 50 percent. The data 
is taken at 780 MHz using a 25 RB 
QPSK LTE signal with a PAPR of 
7.3 dB. The results are measured at 
a 29.8 dBm with an ACLR -38 dBc. 
These results are taken using a linear 
output match and modulating only the 
final-stage supply. It is possible to gain 
more performance improvement if 
the supply of the driver is also modu-
lated and if the match is optimized for 
saturated operation.

PA Configurability
The combination of tunable match-

ing and extensive bias control allows 
the device to be configured based on 

requirements exist, including mini-
mizing the AM-AM / AM-PM dis-
tortion characteristics of the PA and 
maintaining a consistent gain response 
down to low-drain voltages. Careful 
design of the biasing structures and 
PA architecture are critical in achiev-
ing these requirements. Integrating 
the bias circuits and the PA together 
enables tight control across process, 
voltage and temperature (PVT) and 
reduces the variation of these effects.

As with traditional GaAs-based 
PAs, the UltraCMOS Global 1 PA 
gains performance improvement with 
envelope tracking (ET). Peregrine’s 
PA configurability enables the match 
and the biasing to be optimized based 

The data in Figure 5 shows that 
GaAs-equivalent performance is main-
tained for LTE waveforms (RB) alloca-
tions up to 100 RB. The level of per-
formance achieved is in line with cur-
rent high-end GaAs PAs. Similar com-
petitive results have been achieved in 
mid and high bands of operation. The 
CW measurements show performance 
when the PA runs into saturation and 
is a good indication of the approximate 
performance that can be achieved 
when envelope tracking is added.

Adding Envelope Tracking
Achieving the efficiency benefits of 

envelope tracking while still meeting 
linearity and noise requirements has 
proven challenging. Now a number of 
envelope-tracking modulators meet all 
of the requirements. Most modulators 
have unique architectures that impose 
slightly different requirements on the 
PA, but certain commonalities in the 

s Fig. 4  This real-time performance test 
shows a drive-up curve in which the red line 
indicates the PAE and the blue line indicates 
the ACLR.
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GaAs PAs minimize output-power 
degradation across the band well, but 
the PAE curves show significant roll-
off. For example, the PAE could be 
very high at 900 MHz but could drop 
by as much as 10 to 12 percent at 700 
MHz. With Peregrine’s fully tunable 
PA, engineers can optimize ACLR, 
output power and PAE for each de-
sired band of operation.

Interfacing Into the Duplexers
In a traditional MMMB PA – 

where the output match (ZO) is fixed 
– it is not possible to provide an op-
timal match into all of the different 
duplexers as shown in Figure 7. The 
match can either be optimized for one 
of the paths which results in degraded 
performance for all other paths, or the 
match can compromise performance 
in all bands but to a lesser extent.

Mismatches between PAs and du-
plexers can lead to increases in inser-
tion loss of tenths of dB’s equating 
to percentage points of reduction in 
PAE. This has been a major factor in 
the success of the single-band PA with 
integrated duplexer (PAiD) modules, 
which have been used extensively by 
OEMs that are focused on the highest 
performance possible.

The alternative is a MMMB PA 
that includes a tunable output match 
(see Figure 8) that can be tuned 
based on the band of operation. This 
PA offers band specific optimization 
of the interface impedance that has 
traditionally only been possible with 
PAiD modules.

a 5,000 fold increase in the number of 
possible states of the RFFE. Consider 
that there are more than 150 differ-
ent switch elements integrated on the 
Global 1 die, and all of these must be 
controlled and routed. This level of 
control and configurability can only 
be economically implemented with a 
fine-geometry CMOS process.

Support for Multiple Frequency Bands
Global 1’s CMOS-based process en-

ables monolithic integration of low-loss 
switches, digitally tunable capacitors, 
high-Q on-chip passives and control 
circuitry, and it includes tunable match-
ing networks enabling load-line optimi-
zation. This results in an RFFE that is 
frequency agile and can be tuned and 
optimized for the band of operation.

Each path of the power amplifier 
covers a wide frequency range, and, 
within this range, there are multiple 
3GPP frequency bands – 11 are in 
the low band alone. Currently, engi-
neers have two choices for supporting 
multiple frequency bands in a single 
device. One option is to have a PA 
and a duplexer per supported band, 
which offers the highest performance 
but can be expensive and prohibitive 
due to the amount of real estate this 
consumes. The second option is to use 
a multimode, multiband (MMMB) 
PA, which is capable of supporting 
broadband operation; in low band 
this would require support from 699 
to 915 MHz. With the MMMB PA 
option, engineers must accept lower 
performance across the entire band. 

the mode, power and frequency of op-
eration. Configurability has become a 
necessity in the RFFE as the num-
ber of frequency bands and modes 
that devices need to support grows. 
China Mobile, for example, is target-
ing phones that support ten bands and 
five modes, and this trend is expected 
to continue. With all of these modes, 
band combinations, power levels and 
other factors, the number of possible 
states grows exponentially. Peregrine 
estimates that there will be more than 

s Fig. 6  When Nujira’s envelope tracking 
is added, the Global 1 PA’s PAE performance 
increases by 18 percentage points; output 
power increases by more than 4%; and the 
drain efficiency exceeds 68%.
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traditional hand tuning required to get 
the “optimal” performance can now be 
completed by running an optimization 
program overnight. OEMs can quickly 
optimize the reference design based 
on the feature set and form factor of 
the product. This cuts research and 
development costs, accelerates time 
to market, streamlines supply chains 
and improves inventory management. 
Consumers can enjoy longer battery 
life, better reception, faster data rates 
and a wider roaming range.

Conclusion
Why now? Just look at what is go-

ing on in the LTE market as noted in 
the ABI Research report “The Con-
nected World of Tomorrow: Predic-
tions for 2014 and 2015.” According 
to that report, there are 375.2 mil-
lion LTE subscriptions in 2014, and 
that number will increase by more 
than 60 percent, to 588.9 million, in 
2015. In addition, 4G-mobile-network 
data traffic will more than double in 
2014, reaching 12.4 exabytes. These 
demands require an unprecedented 
RFFE performance. What is needed 
is a true disruption in the marketplace.

History has shown that true inno-
vation and forward progress is the re-
sult of challenging the normal way. To 
meet this challenge, Peregrine has de-
veloped a fully reconfigurable RFFE 
designed on an advanced CMOS plat-
form based on 25 years of RF expertise. 
The final piece of the complete system 
– introduced in February 2014 – is an 
LTE-class, CMOS PA that exceeds the 
performance levels of GaAs-based al-
ternatives, delivering reconfigurability 
and performance that make possible a 
single, global SKU accommodating all 
40+ LTE bands and more than 5,000 
RF states. The resulting system pro-
vides greater flexibility and choice to 
help RF engineers meet the next wave 
of global, mobile-device innovation.

With impedance tuning, ZOX is ef-
fectively re-tuned so that the output 
of the MMMB PA is matched to the 
input impedance of the duplexer on a 
per-band basis.

Z013 = ZIN13; Z017 = ZIN17; Z05 = 
ZIN5; Z08 = ZIN8 & Z025 = ZIN25

This tunability enables the device to 
easily work with any filter products on 
the market, and it reduces the benefit of 
co-packaging the filter elements with the 
rest of the solution. In addition, Global 1 
supports external filters and can be easily 
configured to support different frequen-
cy bands and combinations.

Configurability
The tunable PA helps engineers 

achieve multiband operation with 
minimal performance degradation and 
a host of additional benefits, including:
•	 �Removal of production make toler-

ances
•	 �Temperature compensation to 

minimize variation across the tem-
perature range

•	 �Optimization for the different 
modes and power levels

•	 �Match re-tuning for envelope 
tracking or for average power 
tracking

•	 �Compensation for mismatches be-
tween the PA and duplexer, anten-
na or even variations in PCB layout 

RF design engineers will benefit 
most from the UltraCMOS Global 1 
system because it can dramatically re-
duce the engineering and validation 
time required. Platform providers can 
develop a single reference platform, 
reducing reference design develop-
ment costs and validation time. The 
ability to electronically tune the fre-
quencies of operation means that the 

s Fig. 8  Global 1 integrates a tunable out-
put match, enabling optimized performance 
for all paths.
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s Fig. 7  In this block diagram of a tradi-
tional MMMB PA and duplexer, there is no 
way to provide an optimal match from the PA 
to all duplexers.
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MAINSTREAM 
COMMERCIALIZATION OF GaN

Doug Carlson
MACOM, Lowell, MA

The performance advantages that 
are achievable with GaN technology 
are well known to all involved with 
the RF and microwave industry today. 
GaN delivers as much as eight times 
the raw power density of incumbent 
GaAs and LDMOS technologies at 
high effi ciency, with the ability to 
scale the device technology to high 
frequency. GaN technology has al-
lowed device designers to achieve 
broad bandwidths while maintaining 
high effi ciency. It has also shown to 
perform well in high power switching 
and LNA applications.

GaN technology development has 
been driven primarily by government 
funding and R&D. GaN on Silicon 
Carbide (SiC) is being successfully 
applied in the military domain today 
for applications including broadband 
electronic warfare jammers and radar 
systems, while GaN on Silicon (Si) has 
been successfully deployed in mili-
tary communications. This activity has 
opened the door for GaN’s penetra-
tion into commercial markets includ-
ing CATV, cellular infrastructure and 
other applications, and we are seeing 
the initial penetration of GaN into 
these markets now.

In order to accommodate the 
unique price/performance require-
ments of these diverse commercial 
applications, GaN will remain seg-
mented into two distinct varieties: 
GaN on SiC for specialized high per-
formance applications, and GaN on 
Si for cost-sensitive volume applica-
tions. MACOM is positioned to evalu-

ate these two varieties of GaN as they 
market a broad portfolio of pulsed and 
CW products based on both SiC and 
Si substrates. At the device level, the 
performance of GaN/Si and GaN/SiC 
are essentially identical (see Table 1).

GaN technology is reaching its po-
tential – solving both the technical and 
cost challenges is critical to its main-
stream commercial adoption. On the 
technical front, MACOM has recently 
demonstrated device performance, 
targeting signifi cant commercial appli-
cations (see Figure 9 as an example), 
that demonstrate that GaN on Si is a 
leading candidate as the next genera-
tion RF power technology to counter 
today’s incumbent silicon based solu-
tions. GaN on Si has achieved the out-
put power, effi ciency, gain, bandwidth 
and operating voltages that, when cou-
pled with a silicon based manufactur-
ing roadmap and associated cost struc-
ture, demonstrate why GaN is revolu-
tionizing the RF industry.

In addition to offering compelling 
performance, GaN on Si has proven 
device reliability. At both 28 and 48 V 
bias, MACOM’s GaN on Si HEMT pro-
cesses demonstrate excellent reliability 
as demonstrated with three tempera-
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John Croteau, 

President and CEO of MACOM

Visit www.mwjournal.com to read

this in-depth interview.

 Fig. 9   GaN on Si performance example, 
100 W device at 2.7 GHz, 48 V Vds.
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 Fig. 10  Results of GaN on Silicon Three 
Temperature Operating Life Test.
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TABLE I
COMPARISON OF GaN/SI VERSUS GaN/

SiC PERFORMANCE

0.5 µm gate length 
at 2 GHz

GaN 
on Si

GaN 
on 
SiC

Power Density (W/mm) 7 7

Gain (dB) 17.5 15

Effi ciency (%) > 70 > 65
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rF Products

Ducommun has more than 
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manufacturing of coaxial 
switches and integrated systems.
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ture accelerated life testing. The life 
test results, using a 20 percent change 
in IDSS as the criteria of failure, result 
in an MTTF of 1�106 hours at 200°C 
junction temperature with an activation 
energy of 2.2 eV (see Figure 10).

Scratching The Surface
Today, we are only at the very be-

ginning of GaN market penetration 
and adoption. GaN revenue for 2013 
was $188.6 M according to ABI Re-
search (Gallium Nitride RF Power 
Devices (MD-GAN-106), Sept. 24, 
2013), suggesting that GaN technol-
ogy today has penetrated less than 
2 percent of the approximate $9.5 B 
overall analog semiconductor market. 
Given the hype around GaN, this nar-
row market penetration may come as 
a surprise, especially when one mea-
sures GaN’s potential impact beyond 
the RF and microwave market. It has 
been said that there is not a single ana-
log function that will not be made bet-
ter with GaN. If GaN’s cost structure 
comes into alignment with incumbent 
technologies, its disruptive effect on 
the analog domain could be massive.

There are several critical require-
ments that must be met in order to 
propel GaN to mainstream market 
adoption, many of which are driven 
by cost, and others that pertain to how 
vendors approach customers/system 
designers with this nascent technolo-
gy. Among the practical considerations 
to be mindful of is that any new tech-
nology must solve a technical problem 
that current technologies cannot. In 
this sense, new technologies like GaN 
do not replace older technologies, but 
rather augment capabilities and ex-
pand performance to allow the next 
wave of innovation. System designers 
and GaN vendors alike need to under-
stand where GaN fi ts in the toolbox.

Another important consideration is 
applications support. System designers, 
in general, are not experts in 
semiconductor technologies 
and capabilities, nor are they 
expected to be. This means 
that vendors need to come 
to the table with more than 
just product specs, but also 
the appropriate system and 
application-level knowledge 
needed to help the designer 
build a better product which 
fully captures the advantag-
es of GaN.

These challenges can be readily 
overcome with the right combination 
of designer and vendor savvy. The re-
ally major hurdle standing in the way 
of mainstream GaN adoption and 
commercialization today is the supply 
chain.

Effi ciencies Throughout The Chain
The supply chain for GaN will be 

defi ned along separate paths for GaN 
on SiC and GaN on Si, which cater 
to distinctly different target applica-
tions with different price/performance 
requirements. Not surprisingly, their 
respective supply chains look very dif-
ferent as well. As the RF and micro-
wave industry’s only provider of both 
GaN on SiC and GaN on Si devices, 
MACOM has good perspective on each.

GaN on SiC offers superior thermal 
properties compared to GaN on Si and 
is therefore ideally suited for applica-
tions with high power density (W/mm2) 
requirements. Vendors of GaN on SiC-
based devices have demonstrated consid-
erable success in their early efforts – par-
ticularly in the electronic warfare domain 
– and GaN on SiC will remain the spe-
cialized GaN fl avor of choice for power 
density driven applications. But the high 
attendant costs of producing SiC ensure 
that this market will be serviced by a se-
lect group of high mix, low volume fabs.

By comparison, the silicon indus-
try today does 2000 times the volume 
of the SiC industry, which is driving 
enormous industrial manufacturing 
scale. Because Si grows at 200 times (or 
more) faster rate than SiC, the energy 
required for manufacturing is much 
lower and the capital equipment utili-
zation is much higher. This ultimately 
yields a fundamentally lower cost struc-
ture than what’s possible with GaN on 
SiC. And whereas carbide is a relatively 
new material with a correspondingly 
short history of use in industrial scale 
applications, silicon has benefi ted from 

 Fig. 11  Cost comparison to produce GaN devices.
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PRESIDIO COMPONENTS, INC.

Porcelain 0505
PRESIDIO’S CDR 11 & 12 CAPACITORS 

ARE “S” LEVEL QUALIFIED AND 
CAN HANDLE THE POWER

Presidio Components, Inc. is proud to announce the qualification 
to failure rate level “S” for CDR 11 and 12 on Mil-PRF-55681. 

These capacitors have not only earned the industry’s highest 
reliability rating but also have extemely high Q, exceptionally 
low ESR, and very cool performance with RF power.

Founded in 1980, Presidio Components, Inc. is a supplier of the highest quality and 
most innovative capacitors available in the world today. Visit us at IMS in Tampa 
(Booth 1205) to learn more about our new 0505 qualification and capability as 
well as our many other capacitor products, including our innovative single layer 
capacitors, patented broadband DC blocking capacitors, and unique broadband 
bypass capacitors.
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The use of silicon on the other hand 
allows vendors to move to larger diam-
eter fabs with typical volumes greater 
than 5,000 8-inch wafer starts per week. 
Here CMOS process control typically 
enables line yields that are above 98 
percent. Because of the extreme high 
volume of the end markets that CMOS 
is addressing, balancing yield and cost 
dynamics is critical, and this drives a 
level of operational discipline that is not 
available in the III-V industry.

At full maturity, the GaN on Si cost 
structure in mainstream silicon fabs 
could be reduced significantly from to-
day’s GaN on SiC structure. As shown 
in Figure 11, scaling GaN from small 
diameter GaN development fabs to 
200 mm silicon fabs achieves an al-
most 10 times reduction in cost. This 
cost advantage is further multiplied by 
the very high volume of a CMOS facil-
ity and could reach a 100 times reduc-
tion in total cost in the future.

To achieve significant GaN volumes 
at 8 inch, RF demand will be augment-
ed with GaN on Si production that 
will be driven by the DC power mar-
ket. This market may be as much as 10 
times larger than the RF and micro-
wave market. With upwards of 95 per-
cent of GaN unit volume going forward 
tied to GaN on Si, both the DC power 
and RF domains will likely be serviced 
by the same 8 inch silicon fabs.

To fully realize the commercial 
promise of GaN, there must also be 
surety of supply to promote stabil-
ity and resiliency – to say nothing of 
economic efficiency – across the GaN 
supply chain. Dual-source support is a 
key requirement for high volume, risk 
adverse applications.

Advanced Packaging
GaN supply chain optimization will 

be driven in parallel by process ef-
ficiencies and customer demand, the 
alignment of which will ultimately yield 
significant cost reductions for all in-
volved. Manufacturing efficiency gains 
drive reduced production and product 
costs, which drive volume demand, and 
so on. But system designers in the RF 
and microwave domain are of course 
no strangers to these dynamics, having 
already seen this evolution in previous 
technology deployments.

A plurality of packaging options, 
that support end market applications, 
is the next critical performance and 
cost factor which must be considered 

Process Discipline
GaN on SiC has been produced 

mainly by relatively low volume 3" and 
100 mm compound semiconductor 
fabs. The main volume application to 
date for compound semiconductors 
has been cellular handsets, which to-
day is under attack from CMOS due 
to the attendant cost efficiencies previ-
ously discussed. SiC-based GaN has no 
clear viable roadmap to large diameter, 
high volume production facilities that 
can drive cost for consumer markets.

more than 60 years of industrialization 
and development and is arguably the 
most technically engineered material 
on the face of the earth. So the supply 
chain for GaN on Si has a host of natu-
ral cost efficiencies aligned in its favor.

With regard to the GaN epitaxy, 
cost is directly proportional to the 
thickness of the epi put on the sub-
strate. For both Si-based and SiC-
based devices, the epi thickness is 
essentially the same so the associated 
epi cost is approximately equal.

_6M27 FINAL.indd   38 5/28/14   8:18 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=38&exitLink=mailto%3AASKDK%40DOWKEY.COM


MWJPASTERNACK0514.indd   39 5/27/14   10:18 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=39&exitLink=http%3A%2F%2Fpasternack.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=39&exitLink=http%3A%2F%2Fpasternack.com


40 	 MICROWAVE JOURNAL n JUNE 2014

CoverFeature

ni-microwavecomponents.com/quicksyn

©2014 National Instruments. All rights reserved. National Instruments, NI, and ni.com are trademarks of National Instruments.  
Other product and company names listed are trademarks or trade names of their respective companies.  17281

Redefining  
Frequency Synthesizers

With QuickSyn Technology

408 610 6810

Design smaller and more efficient instruments with  

National Instruments QuickSyn synthesizers. The revolutionary 

phase-refining technology used in QuickSyn synthesizers enables 
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performance, wide frequency range, and small footprint. 

QuickSyn Models
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Lite Version
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aging option of choice for devices that 
must be hermetically sealed in order 
to ensure reliable operation in envi-
ronmentally challenging conditions. 
Ceramic-packaged GaN devices are 
also capable of managing much great-
er power output levels than plastic-
packaged alternatives available today.

When measuring the value/use-
ful applicability of ceramic- versus 
plastic-packaged GaN transistors, the 
target lifecycle for the end system is 
often the deciding factor. Military ra-
dar system designers have higher ex-
pectations for environmental rugged-
ness than designers of many consumer 
products. Ceramic-based GaN devic-
es are ideally suited for systems that 
are expected to deliver extremely high 
reliability for long periods of time with 
minimal maintenance, and are often 
less sensitive to cost pressures than 
commercial-caliber systems.

Conclusion
GaN on SiC is well suited for high 

performance RF applications but GaN 
on Si is well suited to most commer-
cial and some military applications 
that are cost sensitive and where the 
performance of GaN on Si meets its 
needs. As GaN on Si scales up and uses 
larger diameter Si fabs, it will have a 
cost structure low enough to broadly 
replace many incumbent technologies 
in a wide range of applications. Just as 
one can leverage high volume silicon 
fabs to achieve low cost structures for 
compound semiconductors, one can 
leverage packaging and production ef-
ficiencies – also enabled by silicon – to 
help achieve the mainstream commer-
cialization of GaN technology. ■

es that lead to system size and weight 
reductions. In this way, the adoption 
of GaN in plastic facilitates system 
manufacturing cost reduction to-
gether with test efficiencies associated 
with high volume plastic packaging. 
The arrival of GaN in plastic devices 
has given system designers newfound 
flexibility to reach power levels up to 
90 W without the size or weight penal-
ties typically associated with packaged 
transistors (see Figure 12).

GaN on Ceramic remains the pack-

for a complete product solution. De-
velopments have led to the adoption 
of organic packaging technologies into 
RF, microwave and millimeter wave 
applications, extending the function-
ality and frequency of performance 
of plastic packaged parts. Recently,  
MACOM has focused on the intro-
duction of surface mount plastic pack-
aging for high power devices. Plastic 
packaged high power GaN enables 
designers to adopt conventional sur-
face mount manufacturing approach-

s Fig. 12  Typical plastic DFN package  
(3 × 6 mm) used for GaN devices.
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OCTAVE BAND LOW NOISE AMPLIFIERS   
Model No.    Freq (GHz)     Gain (dB) MIN Noise Figure    (dB)     Power -out @ P1-dB     3rd Order ICP    VSWR    
   CA01-2110    0.5-1.0     28    1.0 MAX,    0.7 TYP     +10    MIN      +20    dBm     2.0:1 
   CA12-2110    1.0-2.0     30    1.0 MAX,    0.7 TYP     +10    MIN      +20 dBm     2.0:1 
   CA24-2111    2.0-4.0  29    1.1 MAX,    0.95 TYP     +10    MIN      +20 dBm     2.0:1 
   CA48-2111    4.0-8.0  29    1.3 MAX,    1.0 TYP     +10    MIN      +20 dBm     2.0:1 
   CA812-3111    8.0-12.0     27    1.6 MAX,    1.4 TYP     +10    MIN      +20 dBm     2.0:1 
   CA1218-4111    12.0-18.0     25 1.9 MAX,    1.7 TYP     +10    MIN      +20 dBm     2.0:1
CA1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10    MIN  +20 dBm  2.0:1 
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA01-2111 0.4 - 0.5 28 0.6 MAX, 0.4 TYP +10    MIN  +20 dBm  2.0:1 
CA01-2113 0.8 - 1.0 28 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA12-3117 1.2 - 1.6 25 0.6 MAX, 0.4 TYP +10    MIN +20 dBm  2.0:1 
CA23-3111 2.2 - 2.4 30 0.6 MAX, 0.45 TYP +10    MIN +20 dBm  2.0:1 
CA23-3116 2.7 - 2.9 29 0.7 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA34-2110 3.7 - 4.2 28 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA56-3110 5.4 - 5.9 40 1.0 MAX, 0.5 TYP +10    MIN +20 dBm  2.0:1 
CA78-4110 7.25 - 7.75 32 1.2 MAX, 1.0 TYP +10    MIN +20 dBm  2.0:1 
CA910-3110 9.0 - 10.6 25 1.4 MAX, 1.2 TYP +10    MIN +20 dBm  2.0:1 
CA1315-3110 13.75 - 15.4 25 1.6 MAX, 1.4 TYP +10    MIN +20 dBm 2.0:1 
CA12-3114 1.35 - 1.85  30 4.0 MAX, 3.0 TYP +33    MIN +41 dBm 2.0:1
CA34-6116 3.1 - 3.5  40 4.5 MAX, 3.5 TYP +35    MIN +43 dBm 2.0:1 
CA56-5114 5.9 - 6.4 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA812-6115 8.0 - 12.0 30 4.5 MAX, 3.5 TYP +30    MIN +40 dBm 2.0:1 
CA812-6116 8.0 - 12.0 30 5.0 MAX, 4.0 TYP +33    MIN +41 dBm 2.0:1 
CA1213-7110 12.2 - 13.25 28 6.0 MAX, 5.5 TYP +33    MIN +42 dBm 2.0:1 
CA1415-7110 14.0 - 15.0 30 5.0 MAX, 4.0 TYP +30    MIN +40 dBm 2.0:1 
CA1722-4110 17.0 - 22.0  25 3.5 MAX, 2.8 TYP +21    MIN +31 dBm 2.0:1 
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure    (dB)    Power -out @ P1-dB 3rd Order ICP  VSWR
CA0102-3111 0.1-2.0  28 1.6 Max, 1.2 TYP +10 MIN  +20 dBm 2.0:1 
CA0106-3111 0.1-6.0  28 1.9 Max, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-3110 0.1-8.0  26 2.2 Max, 1.8 TYP +10    MIN  +20 dBm 2.0:1 
CA0108-4112 0.1-8.0  32 3.0 MAX, 1.8 TYP +22    MIN  +32 dBm 2.0:1 
CA02-3112 0.5-2.0  36 4.5 MAX, 2.5 TYP +30    MIN  +40 dBm 2.0:1 
CA26-3110 2.0-6.0  26 2.0 MAX, 1.5 TYP +10    MIN  +20 dBm 2.0:1 
CA26-4114 2.0-6.0  22 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA618-4112 6.0-18.0  25 5.0 MAX, 3.5 TYP +23    MIN  +33 dBm 2.0:1 
CA618-6114 6.0-18.0  35 5.0 MAX, 3.5 TYP +30    MIN  +40 dBm 2.0:1 
CA218-4116 2.0-18.0  30 3.5 MAX, 2.8 TYP +10    MIN  +20 dBm 2.0:1 
CA218-4110 2.0-18.0  30 5.0 MAX, 3.5 TYP +20    MIN  +30 dBm  2.0:1 
CA218-4112 2.0-18.0  29 5.0 MAX, 3.5 TYP +24    MIN  +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq (GHz)  Input Dynamic Range Output Power Range Psat Power Flatness dB VSWR
CLA24-4001 2.0 - 4.0 -28 to +10 dBm +7 to +11 dBm +/- 1.5 MAX 2.0:1 
CLA26-8001 2.0 - 6.0  -50 to +20 dBm +14 to +18 dBm +/- 1.5 MAX 2.0:1 
CLA712-5001 7.0 - 12.4 -21 to +10 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1 
CLA618-1201 6.0 - 18.0 -50 to +20 dBm +14 to +19 dBm +/- 1.5 MAX 2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq (GHz) Gain (dB) MIN  Noise Figure    (dB) Power -out @ P1-dB Gain Attenuation Range VSWR
CA001-2511A 0.025-0.150 21 5.0 MAX, 3.5 TYP +12    MIN  30 dB MIN  2.0:1
CA05-3110A 0.5-5.5  23 2.5 MAX, 1.5 TYP +18    MIN 20 dB MIN  2.0:1
CA56-3110A 5.85-6.425  28 2.5 MAX, 1.5 TYP +16    MIN 22 dB MIN  1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5 TYP +12    MIN 15 dB MIN  1.9:1
CA1315-4110A 13.75-15.4 25 2.2 MAX, 1.6  TYP +16    MIN 20 dB MIN  1.8:1
CA1518-4110A 15.0-18.0  30  3.0 MAX, 2.0 TYP +18    MIN 20 dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (GHz) Gain (dB) MIN Noise Figure dB Power -out @ P1-dB 3rd Order ICP  VSWR
CA001-2110 0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN  +20 dBm 2.0:1
CA001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN  +23 dBm 2.0:1
CA001-2215 0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN  +33 dBm 2.0:1
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN  +27 dBm 2.0:1
CA002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN  +30 dBm 2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN  +35 dBm 2.0:1
CA004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN  +25 dBm 2.0:1

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

Visit our web site at www.ciaowireless.com for our complete product offering.
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Anti-IED Jammers-in-a-Backpack

T he U.S. Marine Corps has selected 
Northrop Grumman Corp. to provide elec-
tronic jamming backpack systems to coun-

ter the threat of roadside improvised explosive devices (IED).
Under the Counter Radio-controlled IED Electronic War-

fare Marine Expeditionary Unit Special Operation Capable, 
or CREW MEU (SOC), contract, Northrop Grumman will 
deliver and support fi ve initial production systems for testing.

The maximum ceiling for the fi rm-fi xed-price, indefi -
nite delivery, indefi nite quantity (IDIQ), multiple award 
contract is $90 million over fi ve years. The initial contract 
awarded to Northrop Grumman by Program Manager, 
Ships (PMS) – 408 via the Marine Corps Systems Com-
mand, Quantico, Va., was $4.1 million for fi ve initial CREW 
MEU (SOC) systems. The Navy will purchase an indefi nite 
number of systems in accordance with an IDIQ award.

Northrop Grumman is offering its Freedom 240 for CREW 
MEU (SOC) that provides 
precision electronic jam-
ming of a wide range of 
IEDs and is designed to 
create a protective barrier 
around a Marine ground 
combat team and their 
equipment while minimiz-
ing disruption to friendly 
communications systems.

The Freedom 240 dismounted system is part of the 
Joint CREW Increment 1 Build 1 (I1B1) family of preci-
sion multifunctional electronic warfare systems that pro-
tect warfi ghters, vehicles, watercraft and permanent struc-
tures from IEDs. The CREW MEU (SOC) and JCREW 
I1B1 programs are managed by the U.S. Naval Sea Sys-
tems Command (NAVSEA).

“Our troops face the IED threat around the world, and these 
Marine Expeditionary Units are the ones that go to the most dan-
gerous places at a moment’s notice. Northrop Grumman’s Free-
dom 240 dismounted system is lightweight, powerful and de-
signed to keep up with these hard-fi ghting Marines,” said Mike 
Twyman, sector vice president and general manager, Defense 
Systems division, Northrop Grumman Information Systems.

“The Freedom 240 is designed to defeat complex clus-
ters of current, emerging and future IED threats. It’s 
also capable of worldwide deployment with only software 
changes. Because the system features a fully open architec-
ture common across all the JCREW I1B1 variants, the Ma-
rine Corps can take advantage of technologies developed 
by third parties and benefi t from the system’s fl exibility, 
extensibility, ease of upgrades and reduced lifecycle cost,” 
said Jeannie Hilger, vice president, Network Communica-
tion Systems business, Northrop Grumman Information 
Systems. “This award perpetuates the Northrop Grumman 
Freedom product line, providing the Marine Corps with 
a software-defi ned system that supports CREW and en-
abling future multifunction radio frequency capabilities.”
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Distributed Targeting System will 
Signifi cantly Enhance Flight Crew 
Situational Awareness

Harris Corp. has received a two-year, $19 million full-
rate production contract to provide key avionics 
components that will enhance fl ight crews’ targeting 

capabilities on the U.S. Navy’s F/A-18 E/F Super Hornet 
fi ghter aircraft.

The Distributed Targeting System will signifi cantly im-
prove the aircraft’s networking capabilities, enhance tar-
geting precision and shorten the time period from target 
sensing to shooting.

“Start of full-rate production is a key milestone in the 
F/A-18 E/F Network Centric Warfare Upgrades program,” 
said Ed Zoiss, vice president and general manager, Defense 
Programs, Harris Government Communications Systems. 
“Upgrading the mission- and image-processing prowess of 
the Super Hornet will help ensure that it continues to be 
the primary fi ghter aircraft for the U.S. Navy.”

“The Super Hornet 
brings critical capability to 
naval aviation and our na-
tional security, and is vital 
to the U.S. economy,” said 
Mike Gibbons, F/A-18 
program vice president, 
Boeing. “Harris is a key 
supplier of advanced avi-
onics for these aircraft.”

The combat-proven 
Super Hornet provides 
unequaled air dominance 
and precision strike capa-
bility. The EA-18G Growl-

er, derived from the Super Hornet, is the United States’ 
newest and most advanced airborne electronic attack plat-
form. The Super Hornet and Growler programs support 
60,000 jobs in the U.S., with 800 suppliers in 44 states and 
account for $3 billion in annual economic impact.

“Upgrading the 
mission- and image-
processing prowess 
of the Super Hornet 
will help ensure that 
it continues to be the 
primary fi ghter aircraft 
for the U.S. Navy.”

Source: U.S. Navy.

“The Freedom 240 
is designed to defeat 

complex clusters of 
current, emerging and 

future IED threats…”
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Flexible, Reconfigurable, Multi-Mission 
Aperture to Revolutionize Radars

The Office of Naval Research (ONR) has awarded 
Raytheon Co. an $8.5 million base contract to design 
the Flexible Distributed Array Radar (FlexDAR), en-

abling dynamic multi-mission radars capable of executing 
a variety of functions including surveillance, communica-
tions and electronic warfare.

“Raytheon is a pioneer in radar development, pushing 
the limits of technology to achieve the best possible solu-
tions for our customers,” said Paul Ferraro, vice president 
of Raytheon Integrated Defense Systems Advanced Tech-
nology Programs. “Migrating digital technologies closer to 
the front end of radars will allow for more re-configurabil-
ity and ultimately more flexible radars resulting in game-
changing improvements.” 

The FlexDAR effort is being developed under the 
ONR Integrated Topside (InTop) Program as an innova-
tion effort to demonstrate new capabilities provided by the 
implementation of every-radar-element-level digital beam- 
forming, combined with network coordination and precise 
time synchronization.

FlexDAR will develop technology that will lead to en-
hanced capability for future radar sensors including soft-
ware-defined digital re-configurability at the foundational 

level. The program demonstrates both radar and radar-to-
radar communications functions so as to implement bi-
static exchange and control. This provides increased detec-
tion and firm-track range, and improved electronic protec-
tion relative to existing standalone mono-static radars.

This first phase of the InTop FlexDAR program will de-
sign the radar front end and will demonstrate all critical 
components and subassemblies. In the subsequent phase, 
Raytheon will build two identical multi-function array an-
tennas that will be installed at ONR’s Chesapeake Bay De-
tachment to demonstrate several important advantages of 
network-linked, distributed sensors and serve as founda-
tions to test and explore next-generation radar capabilities.
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 Our exclusive triple convertible semi-automatic ultrasonic wire bonding machine: 
  The 4KE wedge-wedge and ball-wedge wire bonding machine, with 
   convertibility for either 45° or 90° feed, and ball bonding, all in ONE HEAD!. 
 

 45° and 90° Wire Feed Convertibility  

 Wire or Ribbon Bonding 

 Cu or Au Ball-Wedge Bonding 

 Throatless Chassis 

 ESD Protection 

 Adjustable Work Platform 

 Orthogonal X, Y, and Z Axes 

See West·Bond’s latest Models 4KE and 7KE at    
                                    SEMICON West, San Francisco, Booth # 5962, July 8-10, 2014. 

 

 
  www.westbond.com 

Ph. (714) 978-1551 Fax (714) 978-0431 
   e-mail: sales@westbond.com             1551 S. Harris Court  Anaheim, CA   92806

 
 

WEST•BOND’S Latest Model 4KE: Now in ONE 
HEAD; Wedge Bonder / Au and Cu Ball Bonder 

Source: U.S. Navy.
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Operators to Deploy LTE Networks in 150 
Countries

Firm commitments to deploy LTE networks have been 
made in 150 countries by 497 network operators, ac-
cording to findings from research by the Global mo-

bile Suppliers Association (GSA) and published in its latest 
Evolution to LTE Report.

288 LTE networks have now commercially launched 
in 104 countries. The majority of LTE operators have de-
ployed the FDD mode of the standard. The most widely 
used spectrum in network deployments continues to be 
1800 MHz (3GPP band 3) which is used in 43 percent 
of deployments. 124 LTE operators have commercially 
launched with 1800 MHz spectrum in 64 countries, either 
as a single band system, or as part of a multi-band deploy-
ment. 

The next most popular contiguous bands are 2.6 GHz 
(band 7) used in 26.7 percent of networks in commercial 
service today, followed by 800 MHz (band 20) used in 13.5 
percent of networks, and AWS (band 4) used in 8.3 percent 
of networks. GSA estimates there were 240 million LTE 
subscribers worldwide at the end of Q1 2014.

Alan Hadden, president of GSA, said: “108 LTE net-
works have been launched in the past year, coverage is 
rapidly expanding, and LTE subscriptions growth is im-
pressive. More operators are preparing to introduce voice 
service for their LTE customers with VoLTE, and invest-
ments in LTE-Advanced carrier aggregation technology is 
now the main trend.” 

36 LTE TDD networks are commercially launched in 24 
countries, including three networks in China. 23 operators 
launched LTE service using only the TDD mode, while 13 
operators deployed both TDD and FDD modes in their 
networks. 252 operators have commercially launched using 
FDD mode only.
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Thales Alenia Space Creates New British 
Subsidiary

Thales Alenia Space is further expanding its presence 
in Europe with the creation of a new British subsid-
iary, Thales Alenia Space UK. Based at the Harwell 

Science and Innovation Campus (HISC) in Oxfordshire, 
Thales Alenia Space UK is an integral part of the compa-
ny’s strategy to bolster its presence in key countries that 
invest heavily in the space sector. 

It follows the opening of Thales Alenia Space subsidiary 
in Germany in 2011 and the extension of the presence of 
Thales Alenia Space in Belgium by the creation of an office 
in Leuven.

The decision to locate a new subsidiary in the UK was 
spurred by the UK Government’s commitment to fund 
space activities and create new initiatives to foster growth 
in the space industry – 
including the formation 
of the UK Space Agency, 
an increased contribution 
to the European Space 
Agency (ESA), the invest-
ment in the UK Space 
Gateway at Harwell, and 
more recently securing a significant share of the Neosat 
program for the UK. 

Martin Gee, CEO of Thales Alenia Space UK said 
“Globally, the space industry is moving very fast, and there 
is exponential growth in demand for space-based com-
munications, navigation and observation. Thales Alenia 
Space’s decision to come to the UK is a direct result of the 
UK Government’s work to create a space-friendly R&T en-
vironment, new access to funding and an effective business 
support network.”

Thales Alenia Space President and CEO Jean Loïc Gal-
le emphasized that, “Through this new subsidiary, Thales 
Alenia Space UK will support the UK Space Agency in 
meeting their ambitious goals, and play a key role in the 
development of new skilled jobs in the most advanced 
space technologies. This approach is a natural fit with the 
company’s strategic plan of enhanced growth for the com-
ing years.” 

ITU Releases 2014 ICT Figures

New figures released by the International Telecom-
munication Union (ITU) indicate that, by end 2014, 
there will be almost 3 billion Internet users, two-

thirds of them coming from the developing world, and that 
the number of mobile-broadband subscriptions will reach 
2.3 billion globally. 55 percent of these subscriptions are 
expected to be in the developing world.

“The newly released ICT figures confirm once again that 
information and communication technologies continue to 

Go to mwjournal.com for more international news items

InternationalReport
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be the key drivers of the 
information society,” said 
ITU Secretary-General 
Hamadoun I. Touré. 

Mobile-cellular sub-
scriptions will reach al-
most 7 billion by end 
2014, and 3.6 billion of 
these will be in the Asia-

Pacifi c region. The increase is mostly due to growth in the 
developing world where mobile-cellular subscriptions will 
account for 78 percent of the world’s total.

Africa and Asia and the Pacifi c, where penetration will 
reach 69 percent and 89 percent, respectively by end 2014, 
are the regions with the strongest mobile-cellular growth 
(and the lowest penetration rates). Penetration rates in the 
Commonwealth of Independent States (CIS), Arab States, 
the Americas and Europe have reached levels above 100 
percent and are expected to grow at less than two percent 
in 2014. The region with the highest mobile-cellular pen-
etration rate is the CIS.

DOCOMO to Conduct 5G Experimental Trials

NTT DOCOMO Inc. will conduct experi-
mental trials of emerging 5G mobile com-
munications technologies with six world-

leading mobile technology 
vendors: Alcatel-Lucent, 
Ericsson, Fujitsu, NEC, 
Nokia and Samsung.

The parallel collabora-
tions between DOCOMO 
and each of the six vendors 
will involve experimental 
trials to confi rm the potential of 5G mobile technologies to 
exploit frequency bands above 6 GHz and realize very high 
system capacity per unit area, and new radio technologies to 
support diverse types of applications including machine-to-
machine (M2M) services. DOCOMO also expects to collab-
orate with other companies in its effort to test a wide range 
of 5G mobile technologies.

“5G studies are starting to gain real momentum as we 
point toward 2020,” said Seizo Onoe, executive vice presi-
dent and chief technical offi cer at DOCOMO. “I am de-
lighted that we will collaborate on 5G experimental trials 
with multiple global vendors from this early stage.”

DOCOMO will begin indoor trials at the DOCOMO 
R&D Centre in Yokosuka, Kanagawa Prefecture this year, 
to be followed by outdoor fi eld trials planned for next year. 
Key fi ndings and achievements will be shared with research 
institutes and at international conferences to contribute to 
5G standardization, which is expected to start from 2016. 
Key fi ndings also will be utilized for research aimed at in-
cubating future advanced technologies.
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Emerging Markets, Indoor Location
and Advertising to Boost Mobile
Location-based Services Market

Falling barriers to the adoption of location-based ser-
vices (LBS) in emerging markets, combined with mo-
mentum behind indoor LBS and mobile advertising, 

are set to fuel future growth in mobile LBS according to 
Strategy Analytics’ Wireless Media Strategies (WMS) re-
port “Emerging Markets, Indoor Location & Mobile Ad-
vertising to Drive Future Mobile LBS Market Growth.” 

Falling price points for GPS enabled handsets coupled 
with rising mobile data adoption will boost LBS adoption 
and use. Furthermore, increasing activity around indoor 
maps and accurate indoor positioning technology via low-
energy Bluetooth beacon technology and WiFi will enable 
the rise of indoor LBS, including proximity marketing on 
mobile devices. 

The adoption of mobile location based services such as 
maps and in-car navigation has been widespread in coun-
tries with both high smartphone and data plan adoption, 
and will spread to countries like India and China, where 
smartphone ownership and data plan adoption is rising fast. 
Nitesh Patel, director of wireless media strategies at Strat-

egy Analytics, noted “In 
addition to the continued 
adoption of mobile LBS 
in rising mobile data mar-
kets, venue owners and 
brands are increasingly 
testing the capabilities of 
mobile devices to deliver 
enhanced customer expe-
riences and engagement. 
We see the increasing ac-
tivity around indoor loca-
tion and mobile marketing 
by brands, retailers and 
owners of complex venues 
as a clear signal that in-

door LBS and location-enhanced marketing will drive the 
next wave of growth in the mobile LBS sector.”

David MacQueen, director of media and apps at Strat-
egy Analytics, says “HERE is the overall leader in terms of 
its mapping and location capabilities, followed by Google, 
TomTom and then Apple. HERE’s opportunity for growth 
have improved signifi cantly with its horizontal strategy, fol-
lowing the sale of Nokia’s devices and service unit to Mi-
crosoft. However, Google is the leader in business – to-
consumer (B2C) LBS applications, as it benefi ts from pre-
loading on most Android handsets, and is the most widely 
used map, navigation and local search app. Apple remains 
in catch-up mode, although its high smartphone market 
share and acquisitions to enhance its LBS capabilities, such 
as Locationary, WiFiSlam, Embark and BroadMap, keep it 
a major player.” 

Wi-Fi Chipset Shipments will Near 18 
Billion During the Next Five Years

W ith over 2.6 billion chipsets expected to ship during 
2014, Wi-Fi is currently the most ubiquitous wire-
less connectivity technology for Internet access. As 

the technology continues to adapt and expand with new 
protocols such as 802.11ac, 802.11ax, 802.11ad (WiGig) 
and Wi-Fi Direct, nearly 18 billion more chips will ship 
cumulatively from 2015 to 2019. “There will be a roughly 
even split in 2019 for Wi-Fi chipsets of different integra-
tion levels,” said research director Philip Solis of ABI Re-
search. “Standalone, or discrete, Wi-Fi chipsets – increas-
ingly targeting the Internet of Things – will be the largest 
group, followed by integrated platforms with Wi-Fi target-
ing mobile devices, followed by Wi-Fi combo chipsets.”

Wi-Fi protocols will continue evolving as well. By the 
end of the forecast period, dual-band 802.11n/802.11ac 
will comprise the vast majority of chipsets shipped among 
all the protocols. Dual-band 802.11n/802.11ac had a strong 
start in 2013 by surpassing 100 million shipments in the 
smartphone space alone, which accounted for a sizable 
fraction of the total shipped that year. There will be a 
strong ramp of tri-band 802.11n/802.11ac/802.11ad during 
the next fi ve years as well.

Wi-Fi Direct-enabled 
products will surpass 
three billion shipped in 
2019 with the highest at-
tach rates in ultraportable 
PCs media tablets, and 
traditional laptops. How-
ever, the largest category 
of Wi-Fi Direct-enabled 
products in terms of units 
shipped in 2019 will be 
smartphones. 

“Even as the industry 
starts to move this year 
from 802.11ac Wave 1 to 
Wave 2 chipsets that can 
support larger channels 
and MU-MIMO, Wi-Fi’s 
evolution will not stop 
there. Aside from this shift and pairing Wi-Fi with WiGig 
(802.11ad), 802.11ax will start replacing 802.11ac towards 
the end of the forecast period,” added Solis. “802.11ax will 
further maximize effi cient use of 5 GHz spectrum by uti-
lizing unused chunks of spectrum, even coordinating this 
with other nearby access points. Essentially, 802.11ax will 
be a better version of 802.11ac Wave 2 that will allow for 
even greater data rates. The proliferation of Wi-Fi in the 
home will be supported by the technology’s continued evo-
lution.”

Go to mwjournal.com for more commercial market news items

CommercialMarket
Cliff Drubin, Associate Technical Editor

“Standalone, or 
discrete, Wi-Fi 

chipsets – increasingly 
targeting the Internet 

of Things – will be 
the largest group 

followed by integrated 
platforms with 

Wi-Fi targeting mobile 
devices…” 

“...increasing activity 
around indoor location 
and mobile marketing 
are a clear signal 
that indoor LBS and 
location-enhanced 
marketing will drive the 
next wave of growth in 
the mobile LBS sector.”  
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The Microwave Tube Market is Still Strong 
at Over $1B for 2014, but Changes are on 
the Horizon

W hile microwave and millimeter wave high power 
vacuum electron devices (VED) remain “below 
the radar” of many industry observers, the total 

available market (TAM) for this segment is over $1 billion.
Despite its size, and although these tubes remain es-

sential elements in specialized military, scientific/medical 
and space communications applications, this market is gen-
erally under-reported and poorly understood by those not 
directly involved in it.

Essentially, this is now a stable industry after several 
rounds of consolidation in recent years. ABI Research 
Director Lance Wilson says, “There is potential for some 
further consolidation, but there are no signs of that hap-
pening yet. However one new RF semiconductor tech-
nology – gallium nitride – will change the landscape but 
has not yet done so to any large scale. While it is not yet 
near monopolizing the RF/microwave power industry, 
GaN is advancing steadily and is a technology that should 
be closely watched, as it will be a threat to some aspects of 

the microwave and milli-
meter wave VED market-
place.”

Wilson continues, “The 
size of this historic market 
continues to surprise ev-
eryone and its longevity 
and firm resistance to RF 
power semiconductor en-
croachment is as surpris-
ing; however, that will be 
changing as GaN devices 
move up in frequency and 
power.”

“These specialized 
vacuum electron devices 
may at first seem anach-
ronistic,” he adds. “But 
in some cases there is no 
other way to generate 
such high levels of RF power within an acceptably small 
space. Certain microwave and millimeter wave VEDs can 
generate megawatts, and it would take tens of thousands of 
transistors to do that.”

Pulsar_Family_Horz_005b.indd   1 3/19/12   1:46 AM
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Two of Australia’s pre-eminent information and commu-
nication technology research institutions – CSIRO and 
NICTA – have joined forces with the ng Connect Program, 
the multi-industry open innovation ecosystem founded by 
Alcatel-Lucent to create new ultra-broadband end user 
experiences. CSIRO, Australia’s national science agency 
through its Digital Productivity and Services Flagship and 
NICTA, Australia’s ICT Research Centre of Excellence, 
have announced their participation in ng Connect, the 
multi-industry open innovation ecosystem created to fos-
ter collaborative development of new service and business 
models.

NEW STARTS
Fujitsu Ltd., Panasonic Corp., and Development Bank 
of Japan Inc. (DBJ) have signed a memorandum of under-
standing in which DBJ will make an investment and pro-
vide a line of credit for a new fabless company specializing 
in Large Scale Integration (LSI) design and development, 
which Fujitsu and Panasonic will jointly establish.

ACHIEVEMENTS
Raytheon Co. successfully completed a passive seeker 
test designed for a Toma-hawk Block IV cruise missile us-
ing company-funded independent research and develop-
ment investment. The captive flight test, using a modified 
Tomahawk Block IV missile nose cone, demonstrated that 
Raytheon’s advanced, next-generation; multi-function pro-
cessor can enable the cruise missile to navigate to and track 
moving targets emitting radio frequency signals.

Micro Lambda Wireless Inc. has received ISO 9001:2008 
certification for its Quality Management System. Achieving 
ISO 9001:2008 confirms that superior quality management 
practices are adhered to and a systematic approach to qual-
ity processes and testing is taken to ensure that products 
meet or exceed customer requirements through continu-
ous process improvement.

Norden Millimeter’s Quality Management System has 
been certified to be in conformance with ISO 9001:2008 
and AS9100:2009 Rev C. This confirms Norden’s commit-
ment to customer satisfaction by providing quality prod-
ucts that meet our customer’s needs.

Passive electronic components built for RF and microwave 
applications - it is a narrow niche that’s increasingly active 
in commercial, military and space applications. Television’s 
Manufacturing Marvels has shed some light on this business 
sector, and on Res-net Microwave, one of the very success-
ful microwave component manufacturers in this sector. The 
two-minute profile aired on the Fox Business Network on 
May 8th between 9:30 and 9:45 PM Eastern Time.
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MERGERS & ACQUISITIONS
Agilent Technologies Inc. announced its acquisition of 
electrothermal analysis technology from Gradient Design 
Automation, the maker of HeatWave electrothermal 
analysis software. Agilent EEsof EDA now has sole owner-
ship of Gradient’s core technology and will serve customers 
of both the integrated Advanced Design System software 
solution and Gradient’s HeatWave solution.

COLLABORATIONS
Skyworks Solutions Inc. announced the creation of a 
joint venture with Panasonic Corp., electronic product 
manufacturer, to design, develop and deliver high perfor-
mance filters including surface acoustic wave (SAW) and 
temperature compensated (TC) SAW devices. At the core 
of the joint venture is Panasonic Filter Division’s engineer-
ing and process talent, expertise in filter design and leading 
edge products as well as 412 fundamental filter patents and 
patent applications.

Nokia Solutions and Networks and the NYU WIRELESS 
Research Center at the New York University Polytechnic 
School of Engineering jointly organized the first Brooklyn 
5G Summit, held April 23-25 in Brooklyn, New York. The 
invitation-only event brought together wireless and mobile 
industry research and development leaders in academia, 
business and government to explore the future of 5G wire-
less technology, with special focus on antennas, propaga-
tion and channel modeling. This inaugural event is slated 
to be an annual forum to discuss trends and the next steps 
toward understanding and framing the world’s 5G wireless 
technology.

Thales has appointed Global Komited Sdn Bhd, a wholly 
owned subsidiary of the Weststar Group of Companies, 
to develop, promote, market and distribute a wide range 
of Ground-Based Air Defence systems to the Malaysian 
Armed Forces. A signature ceremony, attended by The 
Malaysian Defence Minister, YB Datuk Seri Hishamuddin 
Tun Hussein, held during the first day of the Defence Ser-
vices Asia Exhibition and Conference in Kuala Lumpur 
marked the appointment of Global Komited Sdn Bhd as a 
key industrial partner agent for Thales in the region.

Spectracom, a business of the Orolia Group, announced 
it has extended its global service capability through a part-
nership with EZU Technologies. Joining Spectracom  
service centers in North America and Europe, EZU 
Technologies will support Spectracom users throughout 
the Asia-Pacific region from their facility in Hong Kong. 
Initially services will include equipment calibration and 
repair services. Over time, more capability will be added 
to deliver Spectracom’s full range of services in the region.

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

Around the Circuit 
Barbara Walsh, Multimedia Staff Editor

_6M06 FINAL.indd   56 5/28/14   8:19 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=56&exitLink=http%3A%2F%2Fmwjournal.com


MWJSYNERGY0614.indd   57 5/27/14   10:20 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=57&exitLink=http%3A%2F%2FWWW.SYNERGYMWAVE.COM
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=57&exitLink=mailto%3Asales%40synergymwave.com


Around the Circuit

CONTRACTS
An international customer signed an agreement with the 
U.S. Government for a foreign military sale (FMS) of 
tube-launched, optically tracked, wireless-guided (TOW) 
missiles to be supplied by Raytheon Co. in a deal valued 
at approximately $750 million. Raytheon plans to deliver 
nearly 14,000 TOW missiles to the customer over a three-
year period beginning in 2015.

Lockheed Martin received a $611 million contract from 
the U.S. Army Aviation and Missile Command for 
the first production order of the PAC-3 Missile Segment 
Enhancement (MSE) following the Army’s successful 
Milestone C decision earlier this year. The contract in-
cludes the production of both PAC-3 MSE missiles and 
Launcher Modifications Kits (LMK).

The U.S. Navy has awarded Harris Corp. an eight-year 
contract valued at up to $133 million to provide ship-
board terminals that give crews access to high-band-
width voice and data communications. Under the agree-
ment, Harris will provide up to 120 terminals in addition 
to the 70 terminals already delivered since 2008 under 
the indefinite delivery/indefinite quantity Commercial 
Broadband Satellite Program (CBSP) Unit Level Variant 
(ULV) contract.

Exelis has received a contract valued at more than $91 mil-
lion from the U.S. Navy to begin full rate production on Lot 
11 of the ALQ-214 electronic self-protection system for 
F/A-18C/D Hornet and F/A-18E/F Super Hornet fighter 
aircraft. The Exelis ALQ-214(V)4/5 is a cutting-edge jam-
ming subsystem at the heart of the Integrated Defensive 
Electronic Countermeasures (IDECM) suite. IDECM is 
used by the U.S. Navy to protect carrier-based F/A-18s and 
their aircrews from sophisticated radio frequency threats, 
such as hostile radar and air defense systems. The jamming 
technology enables operations in contested environments 
to address anti-access/area denial challenges.

A top four U.S. wireless carrier customer has placed 
a $4 million dollar follow-on order with Ceragon 
Networks Ltd. to continue its network modernization 
rollout. The planned deployments will include hun-
dreds of wireless backhaul links throughout the U.S. 
Ceragon has been a supplier to this tier 1 U.S. carrier 
since 2010 and the follow-on order will bring the com-
pany’s installed base within the carrier to over 2,000 
high-capacity microwave links.

Mercury Systems Inc. announced it received a $3.2 mil-
lion follow-on order from a leading defense prime con-
tractor for high-performance digital signal processing 
modules for an unmanned airborne synthetic aperture ra-
dar (SAR) application. In related news, Mercury Systems 
Inc. celebrated the grand opening of its new Advanced 
Microelectronics Center (AMC) in Hudson, New Hamp-
shire. New Hampshire Governor Maggie Hassan and 

representatives from the offices of United States Senators 
Kelly Ayotte (R) and Jeanne Shaheen (D) attended the 
ribbon cutting ceremony hosted by Mercury President 
and CEO Mark Aslett, along with other senior Mercury 
executives.

API Technologies Corp., a leading provider of high per-
formance RF/microwave, power and security solutions for 
critical and high-reliability applications, announced the re-
ceipt of a new $1.6 million award to provide microwave 
filters and switched filters to a leading global defense com-
pany. These high reliability filters will be used in a major 
airborne electronic warfare (EW) platform.

Chemring Technology Solutions’ Gioconda industry 
consortium has been awarded an extension to an exist-
ing contract to support the UK Ministry of Defence’s 
(MoD) Defence Science and Technology Laboratory’s 
(Dstl) nano-satellites research project. The work un-
der the extension follows on from the consortium’s ini-
tial contract, which delivered a major element of Dstl’s 
CubeSat research project.

PEOPLE
Anritsu announced the appointment of 
Pete Alexander, PhD as vice president 
and general manager of Anritsu Co., the 
United States subsidiary of Anritsu 
Corp. Alexander, who has 25 years of ex-
perience in the test and measurement 
industry, will be responsible for all sales, 
marketing and field support operations 
for Anritsu’s wireless, optical, RF/ 

ss Pete Alexander microwave, and digital test solutions in 
North America and Latin America.

Peregrine Semiconductor Corp., 
founder of RF silicon on insulator (SOI) 
and pioneer of advanced RF solutions, 
announced Duncan Pilgrim has been 
promoted to vice president of market-
ing. Pilgrim will drive all the product 
marketing and marketing communica-
tion initiatives.

ss Duncan Pilgrim

Aeris Communications announced the addition of 
Michelle Avary as the vice president, business develop-
ment-automotive. Avary brings more than 15 years of ex-
perience to the role, serving most recently as the director, 
technology strategy for Harman International. Previously, 
she worked for Toyota for more than a decade where she 
led and developed strategies for its telematics products and 
services.

Intel Corporations’ Intel Labs vice president and direc-
tor of integrated computing research (ICR) Vida Ilderem 
served as plenary session speaker on Monday, June 2, 2014 
at the IEEE MTT-S 2014 International Microwave 
Symposium (IMS), marking the first female plenary 
speaker in the history of IMS.
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Around the Circuit
UC, Davis Chancellor, Linda Katehi 
gave the Keynote address to the 
WAMICON 2014 audience on June 6, 
2014 in Tampa, FL. WAMICON 2014 
is co-located with IEEE MTT-S IMS 
and ARFTG at the Marriott Waterside 
Hotel and Marina.

Indium Corp. technology experts served as session chair 
and gave a poster presentation at IMAPS New England 
May 6 in Boxborough, Mass. Derrick Herron, technical sup-
port engineer, gave a poster presentation called Methods 
of Choosing a Solder Paste and Overcoming Common 
Challenges. His presentation discussed what to consider 
when choosing a solder paste and how to prevent some of 
the common defects that may arise during manufacturing, 
such as head-in-pillow, graping and QFN voiding.

REP APPOINTMENTS
RFMW Ltd. and Aviacomm Inc. announced a distribu-
tion agreement effective April 1, 2014. The agreement 
initially covers customers in North America, Europe and 
South East Asia with the possibility of future expansion. 
Aviacomm is a leader in wideband RF CMOS ICs.

ECM announced a new authorized distribution agreement 
with MECA Electronics Inc. to supply the manufacturer’s 
line of USA made rugged & reliable RF/microwave passive 
DC – 20 GHz microwave components and solutions globally.

PLACES
Rohde & Schwarz has inaugurated its new “Das Spektrum” 
building in the Changi Business Park in Singapore. The 
SGD 58 million investment (around EUR 33 million) 
underscores the location’s strategic significance for the 
German electronics company. This Rohde & Schwarz 
global hub is a platform for research, development, pro-
duction, global sourcing and supply chain management in 
areas of test and measurement, broadcasting, secure com-
munications, and radiomonitoring and radiolocation, while 
helping to skill up Singapore as a talent pipeline for high 
technology engineering careers.

NEC Corp. announced that its subsidiary NEC Saudi 
Arabia has opened a new office in Dubai in response to 
increased demand for reliable ICT social infrastructure. 
The new regional branch has begun operation and will 
strengthen NEC’s presence in Gulf Cooperation Council 
(GCC) countries. Dubai plays an important role as a com-
mercial hub for GCC member countries, which include 
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United 
Arab Emirates, and is attracting the attention of businesses 
around the world.

Anokiwave Inc. announced the opening of its newest de-
sign center, located in Billerica, MA to support the company’s 
increasing demand for highly integrated SiGe core chips and 
GaAs/GaN front end solutions. The 12,000 square foot site 
will support integrated designs and layouts, RF-laboratory 
work, and customer support through early manufacturing.

ss Linda Katehi

An IQ Demodulator-Based IF-to-Baseband 
Receiver with IF and Baseband Variable 
Gain and Programmable Baseband Filtering

 Radar Waveforms for A&D and 
Automotive Radar

Output Standing Wave Ratio (SWR) Test 
Using the TEGAM 1830A RF Power Meter

Techniques for Precise Cable and Antenna 
Measurements in the Field Using Agilent 
FieldFox Handheld Analyzers
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PIN-Diode SPMT Switch 
with Single-Supply,  
TTL-Compatible Driver
Giovanni Bianchi, Advantest Europe GmbH, Boeblingen, Germany
Fabrizio Gentili and Roberto Sorrentino, University of Perugia, Perugia, Italy
Laura Urbani and Luca Pelliccia, RF Microtech SRL, Perugia, Italy

A PIN-diode-based single-pole multi-throw (SPMT) switch with a low power 
driver for applications where only a single source is available eliminates the need 
for DC-DC converters and the current required to power them. Further current 
savings are obtained by powering the enabled branch of an SPMT switch with the 
currents flowing on the disabled ones. In the example reported, CMOS ports are 
used to bias an SP4T switch and simultaneously realize a decoding network for 
the input commands, which are TTL compatible. RF measurements show good 
performance compared with those obtained with a bipolar supply voltage.

SPMT RF switches are widely employed 
in switching systems, multiband selec-
tors and filter banks.1-3 For a PIN-diode-

based SPST switch, the typical configuration 
of the RF port is a series diode where signal 
flows in the low attenuation state and a shunt 
diode that directs the signal to ground in the 
high attenuation state. Compared to an SPST 

switch, the SPMT switch must 
also present a high impedance 
to the input RF port in order to 
minimize disturbances on the 
output caused by the non-acti-
vated branches. The currents 
required to enable one branch 
while simultaneously disabling 
the other ones always have op-
posite signs. This requires a bi-
polar voltage to properly drive 
an SPMT switch.

For applications where only 
a single supply voltage is avail-
able, a bipolar voltage can be 
achieved through the use of a 
DC-DC converter. This device 

requires current for its operation in addition 
to that required to drive the switch. To elimi-
nate the need for a DC-DC converter, an al-
ternative means has been developed to drive 
an SPMT switch with a single voltage. Since an 
external user is normally interested in chang-
ing an SPMT switch state by using a digital sig-
nal without concern for the required internal 
voltages, a TTL-compatible decoding network 
based on CMOS components is incorporated 
as well. The approach is applied to a commer-
cial SP4T switch. RF measurements are com-
pared with those of the same device driven by 
bipolar voltages, demonstrating comparable 
performance.

Concept
The typical configuration of an SP2T switch 

is shown in Figure 1. V1 and V2 are the volt-
ages that are applied to each on and off path, 
respectively. Along with the value of the resis-
tance R, they determine the current that flows 
through a branch. For example, a current of 
ION = 20 mA may be selected for the branch 
in the low attenuation state and IOFF = 20 mA 
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s Fig. 1  Biasing network of an SP2T switch 
controlled with bipolar voltages.
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this circuit provides additional cur-
rent savings. The total current flowing 
in the circuit is I1 = I2 = 20 mA, which 
is half the current required for the 
bipolar circuit (see Figure 1). Table 
1 compares SPDT, SP4T and SP8T 
switches having ION = IOFF = 20 mA, 
where the total currents required by 
the two driving methods are shown.

Application
A commercial SP4T switch is used 

to test the performance of this de-
sign.5 The surface-mountable SP4T 
chip is assembled in a microstrip cir-
cuit (see Figure 3). Via holes are used 
to connect its ground to the bottom 
layer. The bottom layer has a gap that 
divides the ground plane into two por-
tions. The outer portion is the DC ref-
erence which is separated from the in-
ner part by a gap of 150 µm. To main-
tain an RF short circuit, a capacitance 
(CX) is placed across these two por-
tions of the ground plane. For best RF 
performance, this capacitance should 
not be concentrated at only one point 
but should be distributed as uniformly 
as possible along the perimeter of the 
gap, as illustrated in Figure 4a.

In practice this is achieved with N 
evenly spaced lumped components 
of value Ci connected in parallel. In 
this case, N = 8 and 
CX = 8Ci. Each 
is modeled by an 
equivalent circuit 
including a series in-
ductance along with 
its nominal capaci-
tance. This data was 
obtained from the 
datasheets of com-

may also be selected for the branch in 
the high attenuation state.

If a commercially available resis-
tance of R = 270 V is fixed, the re-
quired driving voltages VON and VOFF 
can then be found. With reference to 
Figure 1, suppose that one path is op-
erative (V1 = VON and I1 = ION) and 
the second one is off (V2 = VOFF and 
I2 = IOFF). Then:

V RI V (1)

270 20 10 0.7 6.1 Volts

V RI V (2)

270 20 10 0.7 6.1 Volts

ON ON D

3

OFF OFF D
3

( )
( )= − + =

− × × + = −

= =

× × + =

−

+
−

where the voltage across the diode 
(VD) is considered to be equal to 0.7 
V. This result shows that the control 
of the switch can be realized by two 
voltages of opposite sign with a total 
current of 40 mA.

A way to obtain the same working 
conditions (ION = 20 mA and IOFF 
= 20 mA) with a single voltage is by 
modifying the circuit as shown in Fig-
ure 2. In this circuit a resistor (RX) is 
inserted between all diodes and the 
reference ground. To maintain proper 
device operation, however, the refer-
ence voltage for RF signals must be 
preserved. This is done by placing 
a capacitor (CX) in parallel with the 
voltage source. With this configura-
tion, a positive voltage applied to the 
second path is sufficient for generat-
ing the required currents I1 and I2. In 
this example, I1 and I2 are the same 
and the remaining current IX (IX = I2-
I1) is zero, but in general this may not 
be the case. For IX to always be zero, 
the value of RX must be infinite, i.e. an 
open circuit.

The voltage applied to disable the 
second path is V2 = VOFF = 5 V, so the 
original current values ION and IOFF 
are maintained if R = 90 V, as found 
from Equations 3 and 4. Since only a 
single supply voltage is available, the 
value of V1 = VON, to enable the first 
path, is zero.
RI RI 2V V (3)

R
V 2V

I I
5 1.4

40 10
90 (4)

1 2 D OFF

OFF D

1 2

3

+ + =

=
−
+

=

−
×

= Ω
−

Besides providing the ability to 
drive a switch with a single voltage, 

mercially available SMD capacitors 
for RF applications.

To determine the proper CX value, 
a transmission line that models a path 
of the SP4T switch is simulated as 
shown in Figure 4b. EM simulations, 
shown in Figure 5 for different values 
of Ci, are used to optimize the trans-
mission coefficient in the frequency 
range 3 to 6 GHz. Good transmission 
performance (S21 < 0 dB) and good 
return loss (S11 > 20 dB) are achieved 

s Fig. 2  Modified biasing network to drive 
an SP2T switch with a single voltage.
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s Fig. 3  Surface mountable on-chip SP4T 
switch assembled on a microstrip circuit with 
split ground plane.
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s Fig. 4  Split ground plane with a distrib-
uted capacitance over the two ports (a) and 
microstrip transmission line (b).

(a)

(b)

Ci Ci
Ci

Ci

CiCi

Input port
Output port

Ci

Ci

Rx

TABLE I
BIAS CURRENTS FOR BIPOLAR VERSUS SINGLE VOLTAGE 

SWITCH CIRCUIT ARCHITECTURES

Switch Type Bipolar Voltage Single Voltage

SPDT ION+IOFF = 40 mA IOFF = 20 mA

SP4T ION+3IOFF = 80 mA 3IOFF = 60 mA

SP8T ION+7IOFF = 160 mA 7IOFF = 140 mA

_6M35 FINAL.indd   64 5/28/14   8:19 AM



 

 

VISIT US AT  A PAWi r e l e s s . co m

Ultra-Low Jitter Clock Source for
Gigabit Ethernet and Internet

package!in a tiny

Need Low Integrated Noise Performance at multiple frequencies?  APA’s new 

MULTIBAND CLOCK SOURCE Series  have multiple �xed frequencies available in 
one  very small and completely sealed package.  Replace several �xed sources and 
multiple loops with one source that can switch in multiple frequencies, all under 
phase lock.  In a package slightly bigger than a standard VCO and only  0.110” high, 
this is a completely integrated solution with supply voltages available down to +3V.

MWJAPA0514.indd   65 5/27/14   10:21 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=65&exitLink=http%3A%2F%2FAPAWireless.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=65&exitLink=http%3A%2F%2Fapawireless.com%2F


66 	 	 MICROWAVE JOURNAL  JUNE 2014

TechnicalFeature

in this network, two of the NAND 
ports act as inverters. CMOS technol-
ogy has several advantages: its high 
(low) output is close to 5 V (0 V), its 
static power consumption is virtually 
zero and its input is compatible with 
a TTL driver.

Measurements of the SP4T switch 
are shown in Figure 7 with a bipo-
lar voltage driving (red dashed line) 
and with the proposed architecture 
(solid blue line). They show the aver-

over the entire band for Ci = 4.7 pF 
(CX = 37.6 pF).

The actuation voltages are VON 
= 0 V and VOFF = 5 V, and the cur-
rents are ION = IOFF = 20 mA (as in 
the previous case). These voltages can 
be supplied by a CMOS device, and 
therefore NAND logic ports are used 
to build this function together with a 
decoding network for the SP4T’s ex-
ternal commands (see Figure 6). In 
order to use all identical components 

TechnicalFeature

s Fig. 5  S-parameters of the microstrip line 
in Fig. 4b for different values of Ci ;  | S21 | dB 
(a) and  | S11| dB (b).

� S21 �dB (Ci = 1.6 pF)
� S21 �dB (Ci = 2 pF)
� S21 �dB (Ci = 4.7 pF)

� S11 �dB (Ci = 1.6 pF)
� S11 �dB (Ci = 2 pF)
� S11 �dB (Ci = 4.7 pF)
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s Fig. 6  NAND port-based logic circuit 
employed for driving the SP4T switch.
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s Fig. 7  Average transmission coefficient of 
the SP4T switch driven using the described 
single supply architecture (solid blue line) 
and with bipolar voltages (dashed red line).
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voltage. This eliminates the need for a 
DC-DC converter to convert a single 
supply into a bipolar supply, as well as 
the current required to power it. More-
over, with this architecture, the enabled 
branch is powered by the currents 
flowing through the deactivated ones, 
providing further energy savings. A de-
coding network in CMOS technology 
is used to provide the required switch 
voltages, making the driver compatible 
with TTL input commands. RF mea-
surements show that switch insertion 
loss is comparable to what is achieved 
using a bipolar voltage supply. ■
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mand and the 90 percent of the maxi-
mum detected RF output. The fall-
time (tf) = 15 ns, between 50 percent 
of the TTL input command and the 10 
percent of the maximum detected RF 
output. These values are compatible 
with the typical applications where 
SPMTs switches are employed.

Conclusion
A PIN diode SPMT switch with 

a low-power driver uses a single bias 

age transmission coefficient of the four 
channels in both cases, which includes 
the biasing network, microstrip lines of 
the test board and connectors used to 
carry out the measurements. The isola-
tion between the four channels is com-
parable with that listed in the datasheet 
of the SP4T switch, i.e. between 55 and 
60 dB in the band considered.

Settling time is shown in Figure 8. 
The rise time (tr) = 243 ns, between 
50 percent of the TTL input com-

s Fig. 8  Settling time measurement show-
ing rise time tr = 243 ns (a) and fall time tf = 
15 ns (b).
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Key Test Requirements
of Modern Handset 
Power Amplifi ers
David A. Hall, Haydn Nelson and Guillaume Pailloncy
National Instruments (NI), Austin, TX

The need to continually improve power 
amplifi er (PA) effi ciency and linearity 
has resulted in a broad range of evolving 

technologies that are driving PA test require-
ments. To address these requirements, this 
article covers developments in modern cellu-
lar handset PA test and evaluation techniques 
including: digital pre-distortion (DPD) testing, 
envelope tracking (ET) characterization, and 
load pull as key parameters to characterize the 
device.

In order to understand the context of new 
test requirements, one must fi rst consider that 
a PA will generally operate with highest effi -
ciency as it nears its saturation region – a region 
often characterized by highly nonlinear behav-
ior. In addition, high peak-to-average power 
ratio (PAPR) characteristics of modern com-
munications signals such as LTE or 802.11ac 
exacerbate this condition by requiring greater 
back-off to avoid distortion.

Increasingly popular technologies such as 
DPD, ET and load pull are each designed to 
improve either the linearity or effi ciency of 
the PA to address these challenges. DPD ef-
fectively linearizes a PA at higher output pow-
ers and improves the likelihood that the device 
will meet standard-specifi c transmission re-
quirements for modulation quality and spectral 

purity. Envelope tracking is aimed at improv-
ing effi ciency for high-PAPR waveforms by 
dynamically changing the effi ciency profi le of 
the device. Finally, load pull enables engineers 
to improve the overall effi ciency of the device 
by fi nding the optimal input and output imped-
ance of the power transistor.

TESTING DPD-ENABLED PAS
The combination of increasing signal pro-

cessing capabilities combined with the use of 
more challenging signals such as LTE has in-
creased the use of DPD technology in mobile 
devices. DPD algorithms improve modulation 
quality and reduce spectral re-growth in the 
frequency domain – especially at higher output 
power levels.

In the past, PA characterization required 
only a vector signal generator (VSG) to pro-
duce the modulated signal and a vector signal 
analyzer (VSA) to measure the output. While 
powering the PA with a power supply or source 
measure unit (SMU), one would measure 
characteristics such as error vector magnitude 
(EVM) and adjacent channel leakage ratio 
(ACLR).

Although PA testing has historically re-
quired fairly simple instrumentation and mea-
surement practices, testing of today’s DPD-
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all clock signals to avoid measurement 
error. Note that although VNAs inher-
ently share timing signals between 
stimulus and response, VSAs and 
VSGs historically do not. As shown in 
Figure 1, important timing signals in-
cluding the local oscillator (LO) and 
the 10 MHz reference clocks can be 
easily shared on an NI vector signal 
transceiver (VST). Note that LO shar-
ing is generally only possible in direct 
conversion VSAs and VSGs. In more 
traditional IF-based VSAs, the LO 
frequency will inherently offset the 
center frequency of the signal being 
acquired. Thus, when using an IF-
based VSA, LO synchronization is not 
possible and sharing a 10 MHz refer-
ence clock is the best alternative.

The memoryless LUT approach 
to DPD uses measured AM-AM and 
AM-PM data to construct a simple 
LUT. Based on the measured data, 
the LUT predicts the needed power 
and phase of each input sample in 
order to achieve a linear output re-
sponse. As observed in Figure 2, the 
AM-AM response of a memoryless 
LUT-corrected PA achieves almost 
constant gain versus output power. 
The resulting signal is characterized 
by reduced spectral re-growth in the 
frequency domain.

One can also see the relationship 
between the “measured” response 
and the “curve fit.” Especially with 
wideband signals, PA memory effects 
create a scenario where the phase and 
magnitude of the output signal cannot 
be completely predicted by the phase 
and magnitude of the input signal. 
Thus, even though measuring AM-
AM and AM-PM with a VSG and VSA 
captures memory effects, the mem-
oryless LUT model does not compen-
sate for memory effects directly.

enabled PAs is more complex. Given 
the increased likelihood that a PA will 
transmit pre-distorted waveforms in 
its end use, engineers are less inter-
ested in its raw performance and are 
more interested in its ability to be pre-
distorted with one of several common 
DPD algorithms. As a result, modern 
PA testing requires engineers to mim-
ic the functionality of the DPD algo-
rithm with advanced test equipment.

Approaches to DPD
Two DPD implementations that 

are gaining increasing interest are 
the simple memoryless look-up table 
(LUT) and more complex algorith-
mic techniques based on the Volterra 
series. In both implementations, the 
DPD model is derived from stimulus-
response measurements that require 
one to compare input signals intro-
duced to the PA with the acquired 
output signals. Although engineers 
traditionally performed common 
stimulus-response measurements like 
AM-AM and AM-PM with a vector 
network analyzer (VNA), these instru-
ments are traditionally unable to pro-
vide modulated signals.

An increasingly popular method to 
measure AM-AM and AM-PM is with 
a modulated stimulus that is gener-
ated with a VSG and acquired with 
a VSA. By comparing both the input 
and output power and phase on a sam-
ple-by-sample basis, one can measure 
AM-AM and AM-PM. Not only does 
the VSG-VSA approach capture the 
memory effects of the PA, but it also 
enables the use of more sophisticated 
DPD models.1

Measuring AM-AM and AM-PM
When measuring AM-AM and 

AM-PM using a VSG and VSA, it is 
extremely important to share any and 

s Fig. 1  Block diagram of a VST-based PA measurement system.
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mental premises:
1.	 �Modulated signals have an inher-

ently non-zero PAPR
2.	 �PA efficiency increases as the de-

vice approaches saturation
Given these premises, one can im-

prove overall PA efficiency by operat-
ing the device close to its saturation 
point as often as possible.

Because modern communications 
signals tend to have relatively high 
PAPRs (LTE uplink is 6 to 8 dB), one 
straightforward method to improve 
overall PA efficiency is to modulate 
the Vcc signal such that it tracks the 
envelope of the RF signal.4,5 By ef-
fectively modulating the Vcc signal 
in real-time, it is possible to better 
optimize instantaneous output power 
over a range of output power levels. 
As shown in Figure 3, power-added 
efficiency (PAE) is actually a function 
of output power and Vcc. Thus, one 
can optimize PAE by instantaneously 
choosing the lowest Vcc necessary to 
achieve the desired output power.

It is worth noting that the pro-
cess of modulating Vcc as a function 
of desired output power creates two 
specific requirements on the system. 
First, because PA gain is also a func-
tion of Vcc, merely modulating the 
Vcc signal introduces AM-AM distor-
tion that must be corrected with DPD 
algorithms. Second, modulating the 
Vcc signal introduces additional syn-
chronization requirements between 
instruments sourcing the RF input 
and the modulated Vcc signal.

model within the instrumentation it-
self. These software utilities enable 
the engineer to characterize the abili-
ty of the PA to be pre-distorted (based 
on the predictability of its distortion) 
without requiring an intimate knowl-
edge of the model.

Envelope Tracking
A second increasingly important 

test requirement for wireless PAs 
is the ability to test under envelope 
tracking conditions. Envelope track-
ing technology is based on two funda-

Volterra Series and Memory 
Polynomial Model

A more comprehensive model for 
nonlinear systems with memory is a 
Volterra series2 (see Equation 1). The 
Volterra series can be computation-
ally intensive, and the complexity of 
this model increases drastically with 
increasing nonlinearity order (K) and 
memory depth (M).

X n h l , , l

x n l (1)

out
l
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k 1
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p 1 p
l
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in
m 1
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1 p

∑∑ ∑
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( )

[ ]

[ ] = ⋅

−

=

=

� �

In practice, nonlinear systems with 
memory can be adequately modeled 
with only a subset of the terms in a 
full Volterra series. Common models 
based on this approach include the 
memory polynomial, the Weiner, and 
the Hammerstein models.3 Because 
these models are considerably simpler 
to implement, they are more practical 
for modern mobile devices.

Similarly to the memoryless LUT, 
testing of DPD-enabled PAs that use 
models based on a Volterra series re-
quires a modulated stimulus and re-
sponse. In general, it is desired that 
the instrumentation supports signal 
bandwidths three to five times the 
bandwidth of the waveform. In ad-
dition, many test equipment vendors 
provide software to control both the 
VSG and VSA and implement the 

s Fig. 2  DPD algorithms correct the AM-
AM response of the PA.
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VSG and AWG is through shared ref-
erence clocks and start triggers. With 
both instruments synchronized, one 
must typically apply a small delay be-
tween the VSG and the AWG to com-
pensate for differences in signal path.

Although both skew and timing jit-
ter (variable skew) between the AWG 
and VSG can impair test results – jit-
ter is the least predictable and is by 
far the most problematic. Generally, 
the effects of static skew can be mea-
sured either directly as a time domain 
signal or indirectly through the AM-
AM distortion or spectral re-growth 
it produces. Jitter, however, is much 
more difficult to compensate for as it 
is frequently the result of the instru-
mentation architecture. Note that PXI 
instruments are generally subject to 
less AWG-to-VSG jitter due to PXI’s 
use of an internal 10 MHz system 
clock that provides all modules with 
a timing reference that offers < 1 ns 
channel-to-channel skew.6

The effect of AWG-to-VSG skew 
on AM-AM and AM-PM distortion 
can be observed in Figure 4. With < 1 
ns of skew, curve fitting the gain versus 
output power is relatively straightfor-
ward – as there is very little deviation. 
However, with 20 ns of skew between 
the AWG and VSG, there is significant 

ET PA achieves higher PAE is to as-
sociate each input power level with 
a corresponding Vcc control voltage. 
Moreover, because PA gain is a func-
tion of Vcc, skew or jitter between the 
Vcc and RF input signals can intro-
duce significant additional AM-AM 
and AM-PM distortion.

If, for example, the Vcc waveform 
lags the RF signal, the power modula-
tor will not supply ample power to the 

device at the peak 
output power of the 
input waveform. A 
similar situation oc-
curs if Vcc leads the 
RF. For wideband 
signals, even a small 
amount of skew 
(more than 10 ns) 
can significantly af-
fect the performance 
of the PA.

Sharing Reference 
Clocks and Start 
Triggers

One of the most 
common methods 
to synchronize the 

Synchronization in ET Testing
A typical envelope tracking test sys-

tem includes an RF signal generator 
to provide RF input to the PA and an 
arbitrary waveform generator (AWG) 
to provide the shaped Vcc signal. In 
this test system, both instruments 
must be tightly synchronized. The 
synchronization requirements of an 
ET PA test bench are fairly significant. 
In practice, the method by which an 

s Fig. 4  AM-PM and AM-AM distortion 
with < 1 ns and 20 ns of skew.
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Load Pull
The third PA 

optimization tech-
nique is load pull. 
Although engineers 
have been using 
load pull test sys-
tems for many years 
to test extremely 
high power PAs for 
wireless infrastruc-
ture equipment – 
increasing efficiency 
demands of handset 
PAs has made load 
pull measurements 
more pervasive over 
a wider range of 
modern PAs.

The basic ap-
proach is to experimentally identify 
the ideal source and load impedance 
of a PA to achieve the highest possible 
PA efficiency. By identifying these 
ideal impedances, a PA designer can 
then develop corresponding imped-
ance matching networks.7

A traditional source and load pull 
setup presents a wide range of source 
and load impedances to the PA under 
varying RF input power and DC bias 
conditions.8,9 By measuring PA output 
power as function of source and load 
impedance, one can identify the im-
pedances that will produce the high-
est output power. Moreover, by mea-
suring DC bias voltages and currents 
as well, one can also measure output 
efficiency and power added efficiency 
(PAE) as a function of impedance. 
The results are typically visualized as 
contour plots on a Smith Chart (see 
Figure 6), or imported into EDA 
tools such as the AWR design environ-
ment.

Source and Load Pull Challenges
Traditional source and load pull 

measurement systems use power 
meters to measure input and output 
powers under CW conditions. Unfor-
tunately, due to their measurement 
principle and wideband nature, power 
meters are typically slow and cannot 
resolve power between the funda-
mental frequency and harmonics.

Modern load pull measurement 
systems10 typically use vector instru-
mentation such as a VNA, a large sig-
nal network analyzer (LSNA), a VSG 
used in conjunction with a VSA, or a 
broadband oscilloscope (see Figure 

of skew provides worse ACLR perfor-
mance. Given this result, one common 
technique to identify VSG-to-AWG 
misalignment is to measure ACLR as 
a function of skew. Because skew ulti-
mately results in worse ACLR, the op-
timal AWG-to-VSG delay can be iden-
tified by choosing the best-case ACLR 
as a function of programmatic delay.

AM-AM distortion and lower gain. 
Not only does this distortion cre-
ate spectral re-growth, but the wider 
“spread” of the AM-AM and AM-PM 
makes pre-distortion more difficult.

In the frequency domain, one can 
easily observe the effects of AM-AM 
distortion introduced by poor syn-
chronization between the AWG and 
VSG. Figure 5 shows the resulting 
signal in the frequency domain with a 
memory polynomial DPD algorithm 
applied. The configuration with 20 ns 

s Fig. 5  Spectral regrowth with < 1 ns and 
20 ns of skew.
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chanical tuners to affect the imped-
ance conditions of a circuit. In this 
scenario, the tuner presents various 
impedances to the PA by perturbing 
the electric fi eld of an airline using a 
metallic probe (called a “tuning slug”). 
By selecting the appropriate vertical 
and horizontal positions of the probe 
with respect to the airline, a mechani-
cal tuner can be confi gured to provide 
a wide range of impedance conditions. 
Generally, passive mechanical tuners 
change impedance relatively slowly 
compared to other tuning systems be-
cause they require moving mechanical 
parts.

Recently, new approaches to pas-
sive tuning include passive electronic 
impedance tuners based on PIN di-
odes or MEMS technology. Such tun-
ers overcome the speed issue of tra-
ditional passive mechanical tuners by 
electronically changing the length of 
stubs along a transmission line. How-
ever, these tuners can typically pres-
ent only a limited set of impedances 
on the Smith Chart compared to pas-
sive mechanical tuners.

Unfortunately, passive tuning 
systems have signifi cant drawbacks 
when testing PAs designed for wide-
band communications signals such 
as LTE. Because the impedance of a 
device can vary over the modulation 
bandwidth, performing load pull mea-
surements with a modulated stimulus 
provides a more accurate representa-
tion of how the PA will perform under 
particular impedance conditions.

Active Tuning
Active tuning systems can be fur-

ther grouped into two sub-categories: 
open-loop and closed-loop architec-
tures. Unlike passive tuning, which 
involves the manual creation of a 
specifi c impedance, the principle of 
active tuning is to create the desired 
impedance condition by injecting ad-
ditional signals into the PA.

Closed-loop active tuning sys-
tems use a part of the incident wave, 
through a coupler or a circulator, 
to emulate the desired impedance 
condition. In this setup, a combina-
tion of variable amplifi ers and phase 
shifters modify the incident wave, 
both in amplitude and phase, before 
sending it back to the DUT as the 
refl ected wave. Because the synthe-
sized refl ection is electronically con-
trolled, the tuning process can be 

age standing wave ratio (VSWR), or 
refl ection coeffi cient (�), i.e. the ra-
tio between incident and refl ected 
travelling waves, with respect to the 
observed impedance. In fact, source 
and load pull systems can introduce 
various impedances to a PA either by 
adjusting the impedance directly (pas-
sive tuning), or by emulating a partic-
ular impedance by actively injecting a 
signal (active tuning).

Passive Tuning
Traditional source and load pull 

measurement systems use passive me-

7). These types of instruments offer 
inherently faster, frequency-selective, 
measurements – although only sys-
tems using a VSG offer a modulated 
stimulus. For example, a PXI-based 
load pull system11 with an NI vector 
signal transceiver and Maury imped-
ance tuners includes both a VSG and 
a VSA to support both CW and modu-
lated stimulus of the DUT.

Note that the impedance present-
ed to the PA can be formalized as a 
complex value (real and imaginary 
part or amplitude and phase) in dif-
ferent formats: impedance (Z), volt-

 Fig. 7  Modern source and load pull setup.
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synchronization between each of the 
signal generators.

In this context, a new mixed-signal 
open-loop active load pull system has 
been patented by Anteverta Micro-
wave and developed in cooperation 
with NI. Using external frequency up-
converters and downconverters, the 
Anteverta system benefi ts from tightly 
synchronized PXI arbitrary waveform 
generators and analog-to-digital con-
verters (ADC) to  generate and cap-
ture wideband modulated signals at 
baseband.13

CONCLUSION
With the emergence of more so-

phisticated PA technologies, testing 
today’s handset PAs is becoming more 
complex. As a result, engineers must 
understand how to characterize PAs 
designed to operate under DPD and 
ET conditions and even construct more 
sophisticated load pull test systems. 
Fortunately, each of these measure-
ment conditions is reasonably straight-
forward and can be addressed through 
modern test instrumentation. ■

quite fast. Although the synthesized 
refl ection is fully synchronous with 
the incident wave even when the in-
cident power changes, closed-loop 
active tuning systems are subject to 
oscillation depending on their archi-
tectures.

Recently, NI demonstrated a PXI-
based pseudo closed-loop active tun-
ing system developed in cooperation 
with Mesuro.12 This system samples 
the incident signal with the help of a 
downconverter and passes it to an on-
board FPGA. Inside the FPGA, the 
phase and amplitude of the sampled 
incident signal are digitally controlled 
before generating the refl ection with 
an RF signal generator.

In addition to closed-loop active 
tuning systems, one can adjust the ef-
fective output impedance of a DUT 
using an open-loop approach. Open-
loop active tuning systems use exter-
nal RF sources to generate and con-
trol the amplitude and phase of the re-
fl ected wave. Although these systems 
avoid the oscillation issues present in 
closed-loop systems they require tight 
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Flexible and Low Cost 
Hands-On Lab for Antennas 
and Propagation
Marco Pasian
University of Pavia, Pavia, Italy

A new experimental approach to teaching antenna and microwave topics is 
realized with general-purpose, off-the-shelf devices and is suitable for different 
educational levels and scenarios, from children to high-school students, from 
science shows to under-graduate and graduate courses. Its flexibility enables 
efficient budgeting for educational activities that can be easily tailored to meet 
learning needs at all education levels and encourage young people to pursue 
science, technology, engineering and mathematics (STEM) careers.

Microwaves, electromagnetic theory, 
antennas and propagation are stand-
ard topics for undergraduate and 

graduate courses in electronics and telecom-
munications,1 while the growing use of mi-
crowave devices and services, such as mobile 
phones, car navigators and satellite broadcast-
ing is having an increasing impact on people’s 
lives.2 There continues to be, however, a lack of 
understanding of basic microwave and electro-
magnetic (EM) field principles.3 There are two 
main reasons; first, the equations describing 
EM phenomena (e.g., Maxwell equations and 
the wave equation) are often considered com-
plex by most students and second, the effects 
associated with microwaves are not directly vis-
ible by the human eye. The consequences are 
a general misconception about microwaves and 
a limitation in the number of students deciding 
to follow an educational track in microwaves 
and EM fields.4

This problem has been addressed in recent 
years with courses to engage and motivate stu-
dents through the use of alternative lectures5,6 

and by re-addressing the most critical points of 
classical lectures.3,7-9 Systems have been pro-
posed to support microwave and EM theory 
comprehension based on software-aided ap-
proaches10-12 or through experimental activi-
ties.12,13 These usually target specific types of 
students. Software-aided approaches (usually 
best suited for high-level education) and exper-
imental approaches (suitable to different levels 
according to the experimental setup) address 
only a limited range of educational scenarios.

This article describes a new experimen-
tal approach, preferred over software-aided 
lectures because it is believed to be the most 
convenient and easiest way to explain EM phe-
nomena.14-16 Two main aspects distinguish it 
from other experimental approaches recently 
proposed.17-21 First, the experiments are based 
on off-the-shelf devices, easily purchased and 
prepared by most high-school and university 
laboratories, even with limited budgets. Sec-
ond, since it is expected to be used at several 
different educational levels – from children to 
high-school students, from science shows to 
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The system is designed to be inex-
pensive. In particular, all active devic-
es are powered with a +5 V DC power 
supply. Only the VCO may require 
an additional DC voltage to tune the 
frequency of the generated signal, if 
required. With no tuning voltage (i.e, 
zero volts), the VCO signal is around 
1.5 GHz and, therefore, the output 
signal after the multipliers is around 
6 GHz.

All the devices in the transmit and 
the receive sections are mounted on 
L-shaped wooden supports where 
the horizontal plane is used for the 
electronic devices while the vertical 
plane is used to hang the SMA-WG 
transition, that can also rotate around 
the hanging bolt in order to change 
linear polarization. The entire setup 
is inexpensive and easy to assemble 
with normal DIY skills. All devices 
are readily available. The only (not 
mandatory) device requiring in-house 
development is the front end for the 
buzzer; however, it is simple as it re-
quires basic skills taught in electronic 
and telecommunication courses and 
some high-school programs. Thus, it 
provides a great opportunity to further 
stimulate interest in scientific topics.23

Antenna and Propagation
This system can be used to demon-

strate several different concepts relat-
ed to antennas and propagation such 
as 1) the Friis formula, 2) polarization, 
3) propagation through materials, 4) 
radiation patterns and 5) radar.

Friis Formula
The Friis formula is used to deter-

mine the loss due to free-space atten-
uation experienced by a microwave 
link.24 With the digital multi-meter it 
is possible to derive the Friis formula, 
and this is particularly useful for high-
school, undergraduate and graduate 
students. Otherwise, the electronic 
buzzer returns a qualitative feedback 
given by the volume of the sound gen-
erated by the buzzer. This is attractive 
for children and science shows.

As an example, the transmitting 
and receiving sections are placed in 
front of each other at a distance of 
around 0.5 m (see Figure 4) and the 
VCO is tuned to around 8 GHz. The 
voltage read by the digital multimeter 
is recorded and translated into a pow-
er level. The antennas are then moved 
away from each other and each time 

(WR112) it is possible to have the en-
tire high band within the fundamen-
tal-mode bandwidth of transition. Af-
ter propagating through air, the signal 
is received by a twin SMA-WG transi-
tion and rectified by a power detector 
(see Figure 3). The output voltage of 
the power detector is read by a digi-
tal multi-meter and translated into a 
power level according to its response 
curve. Alternatively, the detector sig-
nal is read with an in-house designed 
front end that drives an electronic 
buzzer. If used for undergraduate and 
graduate courses, the digital multi-
meter is best suited because it al-
lows for quantitative study of the EM 
phenomena, whereas the electronic 
buzzer is better for children and for 
science shows. Each device is selected 
for compatibility with all other devices 
in terms of input/output connectors, 
power supply voltages, input/output 
powers and operating frequencies.

under-graduate and graduate students 
– it is designed to be very general, cov-
ering several different topics. In this 
way, it is possible to select the most 
suitable experiments. In addition, 
each experiment is explained using 
both quantitative and qualitative feed-
back, the former best suited for high-
school, under-graduate and graduate 
students and the latter best suited for 
children and for science shows.

This flexible, inexpensive and ex-
perimental system is easily adapted 
to different scenarios.22 It has been 
used since 2010 for dissemination and 
educational purposes, obtaining great 
interest from general public (science 
shows, children, high-school students) 
and from undergraduate students.

Description
Figure 1 is the system schematic, 

while Figures 2 and 3 are photo-
graphs of the system itself. A voltage-
controlled oscillator (VCO) generates 
a low-band signal (tunable from 1.5 to 
2.5 GHz). For these frequencies, inex-
pensive devices are readily obtainable. 
The signal is brought to the high-band 
(6 to 10 GHz, more convenient for 
the intended experiments) by means 
of two passive frequency doublers and 
two power amplifiers and then routed 
to an SMA-waveguide (SMA-WG) 
transition that also acts as the trans-
mitting antenna (see Figure 2). By 
using the proper SMA-WG transition 

s Fig. 1  System schematic.

POWER AMPLIFIER
GAIN ˜ 10 dB

POWER AMPLIFIER
GAIN ˜ 10 dB

FREQ. MULTI. ×2
LOSS ˜ 10 dB

FREQ. MULTI. ×2
LOSS ˜ 10 dB

SMA-WG
GAIN ˜ 4 dBi

SMA-WG
GAIN ˜ 4 dBi

POWER DETECTOR DIGITAL MULTI-METER/BUZZER

AIR
LOSS: e.g. ˜ 50 dB

(1 m @ 8 GHz) 

VCO

s Fig. 2  Transmit section.

s Fig. 3  Receive section with multimeter 
(a) or with buzzer (b).
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with visible light is quite useful. In 
fact, polarized sunglasses and polar-
ized camera filters are well known ex-
amples. The setup is similar to the one 
shown in Figure 4, but in this case one 
of the antennas is rotated of an arbi-
trary angle, up 90 degrees. With the 
antennas cross-polarized, the signal 
received is very low and the buzzer 
does not work. With the antennas co-
polarized, the signal received is high 
and the buzzer sounds. Data collected 
with the multimeter shows a 30 dB 
difference in power between the two 
configurations.

Propagation Through Materials
One of the most spectacular as-

pects related to microwave propaga-
tion is its interaction with obstacles. 
To better illustrate this, the analogy 
with the visible light is fully exploit-
ed. The setup shown in Figure 7 is 
similar to that of Figure 4, but with an 

the multimeter voltage is recorded. 
The data (see Figure 5) is used to 
demonstrate the quadratic relation-
ship between received power and the 
distance.

Another relevant aspect of the Friis 
formula is antenna gain. To show its 
importance, the transmit and receive 
antennas are placed at a fixed distance 
(e.g., 1 m) and the received power is 
recorded with and without a standard 
horn antenna (see Figure 6) mounted 
on one of the two SMA-WG transi-
tions. The result is a +7 dB gain with 
the horn antenna versus the SMA-
WG transition. Using the electronic 
buzzer, the higher gain may not be 
easily detectable.

To better show how the antenna 
gain affects power collected by the re-
ceiving antenna, it is helpful to explain 
that antenna gain is a way of measur-
ing the antenna’s capability to concen-
trate the power in certain directions. 
The familiar world of visible light can 
be used to support this understanding. 
If a standard light bulb is turned on, 
a certain amount of light is generated 
all around it. If the same light bulb is 
then placed in front of a suitable re-
flecting surface (such as that used for 
car lights) a higher illumination is ob-
tained in certain directions. This anal-
ogy between microwaves and visible 
light is effective at any education level 
and can be exploited in the other ex-
periments, as well.

Polarization
As with antenna gain, the analogy 

s Fig. 4  Basic setup.

s Fig. 5  Measured power (diamonds) and 
fitting quadratic curve (solid line).
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s Fig. 6  Horn antenna.

s Fig. 7  Propagation through materials; 
metal plate(a), wooden plate (b), water bottle 
(c).
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tion. This is illustrated with radiation 
patterns.

Using the setup shown in Figure 
9a, the receive section is rotated by 
using tick marks on a sheet of paper 
placed beneath the base (not shown in 
figure). Using the digital multi-meter, 
this experiment may be repeated twice, 
first with the SMA-WG transitions and 
then with one transition replaced by a 
standard horn antenna. In this way, dif-
ferent radiation patterns are generated 
with different gain antennas, as shown 
in Figure 9b. Using the buzzer, it is 
convenient to consider only one case 
(e.g., SMA-WG transition) and to limit 
the explanation to the importance of 
antenna reciprocal orientation. Data 

obstacle placed between the transmit 
and receive antennas. A thin metal 
plate, Figure 7(a), stops both vis-
ible light and microwaves; therefore, 
power recorded by the digital multi-
meter is strongly reduced (with the 
buzzer, no sound is audible). A thin 
wooden plate, Figure 7(b), stops vis-
ible light but does not materially af-
fect microwaves; therefore, the power 
recorded by the digital multimeter is 
only slightly reduced (the same for the 
buzzer sound). Finally, a bottle of wa-
ter is used in Figure 7(c). Of course, 
it is possible to see through a small 
amount of water while it completely 
stops microwaves; therefore, the pow-
er recorded by the digital multi-meter 
is strongly reduced (with the buzzer 
no sound is audible).

The experiment takes into account 
not only the nature of obstacles but 
also their shapes. Moreover, the con-
cept of polarization is recalled. The 
thin metal plate is placed along the 
thin side vertically and horizontally in 
front of the transmitting antenna in 
Figure 8. When placed vertically the 
power recorded by the digital multi-
meter is strongly reduced, whereas it 
is almost unchanged (compared to no 
obstacle at all) when placed horizon-
tally, even though the blocking area is 
the same in both cases. Results from 
these experiments are summarized in 
the Table 1.

Radiation Patterns
This is useful for illustrating that 

different applications call for differ-
ent antennas. For example, to illu-
minate an entire room, a stand-alone 
bulb is used because it generates light 
in all directions. Conversely, if only 
a portion of the room requires light, 
a reflecting surface may be used in 
conjunction with the light bulb to 
concentrate its light in a desired direc-

TABLE I
propagation through materials

Antenna 
Configuration

Relative Power 
(dB)

No Obstacles 0

Front Metal Plate -30

Front Wooden Plate -3

Water -30

Vertical Metal Plate -30

Horizontal Metal Plate -1

s Fig. 8  Polarization experiment; vertical 
plate (a), horizontal plate (b).

s Fig. 9  Radiation patterns; setup (a), 
measured patterns (b).
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Wideband Gain Block
AWG-series 50~3000 MHz

Part No.
Vd
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(mA)

OIP3 (dBm)
Package

50 MHz 2000 MHz
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ple each year. In addition, during 2011 
and 2012 the system was presented to 
around 2,000 children with dedicated 
events at schools, and to the faculty of 
engineering of the University of Pavia. 
Finally, the system has been present-
ed since 2010 to tens of thousands of 
high-school students in the framework 
of open days organised by the Univer-
sity of Pavia in order to attract new stu-
dents.26 The system was part of a set 
of events promoted by the Department 
of Electronics to stimulate high-school 
students toward engineering encourag-
ing STEM careers.

In the framework of educational 
activities, during the academic year 
2011/12 and in the academic year 
2012/13 the system has utilized as 
extra activity for the under-graduate 
students of the class on Electromag-
netic Fields students of the course on 
Electronics and Computer Engineer-
ing. The principal aim has been to aid 
student comprehension and provide 
experimental evidence of the equa-
tions studied during standard lectures. 
Student feedback has been enthusias-
tically positive.

CONCLUSION
A new approach based on hands-on 

experiments teaches microwaves and 
EM theory and stimulates interest in 
these topics. The goal is to effi ciently 
and effectively provide educational and 
dissemination activities. The intended 
audience spans from children to high-
school students, from science shows to 
under-graduate and graduate students.

The system is designed to explain 
different microwave phenomena both 
qualitatively and quantitatively, ac-
cording to the educational level of the 
audience. The experimental setup is 
not designed to demonstrate a spe-
cifi c phenomenon but, instead, can be 
used to demonstrate several different 
concepts, tailored to the educational 
level of the audience. The equipment 
uses inexpensive, commercially availa-
ble, general-purpose devices that limit 
system cost and enhance reproduc-
ibility. This is particularly attractive 
for most high-school and university 
laboratories, furthering the dissemi-
nation of a microwave education to 
students and society, and providing a 
means to attract students toward sci-
entifi c educational paths. It has been 
used since 2010, receiving great inter-
est from the general public (science 

recorded with the digital multi-meter 
is plotted in Figure 10.

Radar
In order to avoid the use of costly 

transmit/receive devices (e.g. circu-
lators), a bi-static radar is used (see 
Figure 10). The transmitting and re-
ceiving sections are set at an angle 
with respect to each other and power 
level detected by the digital multim-
eter is recorded. A target (e.g., a metal 
or wooden plate) is moved between 
the two antennas while varying its 
orientation. Sample data shows up to 
a 5 dB increase in received power in 
the presence of the metal plate. This 
demonstrates that material, shape and 
orientation are key parameters for tar-
get recognition using a radar system.

DISSEMINATION AND 
EDUCATIONAL IMPACT

This system has been used in a 
number of different events since its 
development in 2010. In particular, 
they can be grouped into two catego-
ries: dissemination activities, mainly 
intended for children, science show 
and academic open days, and educa-
tional activities, mainly intended for 
under-graduate students in the frame-
work of academic courses.

For dissemination activities, the 
interest from the public has been en-
thusiastic, with many questions on the 
use of microwaves in everyday life. The 
system provides an easy-to-understand 
approach to diffi cult topics and has 
been clarifying misconceptions about 
microwaves and EM fi elds. The suc-
cess of these events is demonstrated 
by the number of people attending 
them. In October 2011 and in Octo-
ber 2012, the system was presented at 
BergamoScienza (Bergamo, Italy),25 
an Italian national science show with 
around 100,000 attendees over a pe-
riod of two weeks, in the framework 
of experiments on EM and mechanical 
waves prepared by the University of 
Pavia. The presentation of the system 
was followed by more than 3,000 peo-

 Fig. 10  Radar experiment.
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A Wide Stopband 
Lowpass Filter with Three 
Transmission Zeros
Zhi-Hao Zhang, Lin Li, Li-Li Yang, Ting Lang and Xue Cao
Zhejiang Sci-Tech University, Hangzhou, Zhejiang Province, China

A compact, wide stopband lowpass filter using a tri-section impedance hairpin 
resonator with three transmission zeros is described. Measured results demonstrate 
a sharp transition rate from transmission to cutoff of 61.8 dB/GHz and a wide 
stopband of 1.06 to 5.3 GHz with out-of-band rejection higher than 20 dB.

Compact sized microwave lowpass filters 
(LPF) with wide stopbands and sharp 
cutoff frequencies are needed in vari-

ous wireless communication systems to sup-
press harmonics and spurious signals; however, 
conventional LPFs, using open-circuited stubs 
and stepped impedances, are large and have 
narrow stopbands with a gradual cutoff.1 To 
improve performance, the usual approach is to 
raise the order of the stepped impedance, mak-
ing the circuit larger without significantly im-
proving the cutoff skirt. LPFs using defected 
ground structures (DGS)2-6 and coupled-line 
structures7-11 have been recently proposed. 
The LPF with DGS proposed by Ahn et al2 
and the coupled line LPF with three attenu-
ation poles described by Lee et al7 both have 
very gradual cutoff skirts. The filter described 

by Hsieh and Chang12 also suf-
fers from this problem because 
the only transmission zero in the 
stopband is far from the cutoff 
frequency. For the DGS reso-
nator described by Chen and 
Xu,5 two transmission zeros are 
applied to the LPF, which has a 
sharp rejection slope and a very 
wide stopband; however, this 
design is complex and has fab-
rication difficulties. In Veledi et 
al9 and Wei et al,10 both LPFs 

using coupled-line hairpin units have wide 
stopbands, but rejection is very poor at some 
frequencies.

To address these deficiencies, we describe a 
structure with three transmission zeros in the 
stopband using a tri-section impedance hairpin 
resonator. This structure is compact and has a 
wide stopband and a sharp cut-off frequency 
response.

THEORETICAL ANALYSIS
Figure 1 shows the structure of the pro-

posed lowpass filter. The feed lines are linked 
to the joining ends of transmission lines whose 
characteristic impedances and electrical 
lengths are Z01, Z02 and u1, u2, respectively. 
The coupled line, which has even- and odd-
mode impedances Z0e and Z0o and electrical 
length u, is connected to the remaining ends 
of the two symmetrical transmission lines with 
characteristic impedance Z02. Because the 
structure is symmetrical, it can be analyzed by 
using odd- and even-mode networks.

When the structure is excited by the even 
mode, the equivalent circuit is depicted in Fig-
ure 2a. The even-mode admittance of the cir-
cuit is

( )

= θ +
θ + θ

− θ θ

Y j tan / Z

j
Z tan Z tan

Z Z Z tan tan
(1)

even 1 01

02 0e 2

02 0e 02 2
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cuit size. The 
second zero (fz2) 
moves to the lower 
side while the third 
zero (fz3) moves 
to  the higher side, 
increasing the dis-
tance between fz1 
and fz2 and be-
tween fz2 and fz3. 
This provides a 
broader stopband, 
but with decreased 
rejection between 
the transmission 
zeros, especially 
between fz2 and fz3.

Analysis of the 
final design pre-
dicts very good 
performance (see 
Figure 6). The 20 
dB stopband width 
is very broad, rang-
ing from almost 1 
to 6 GHz and re-
jection is high. In 
addition, the cutoff 
skirt is sharp, im-
proving the low-
pass response.

FABRICATION AND MEASUREMENT
An LPF was fabricated on a substrate with a thickness of 

1.5 mm and relative dielectric constant of 2.65 (see Figure 
7). The circuit dimensions are: w1 = 0.15 mm, l11= 15.6 
mm, l12 = 5.56 mm, w2 = 5.5 mm, l2 = 1.5 mm, w3 = 8 mm, 
l3 = 16.5 mm and s = 0.16 mm. The overall circuit size is 
34 × 16 mm (0.08lg × 0.04lg, where lg is the guide wave-
length at fc). The filter’s size is much smaller than the sizes 
in references 13-15, which is very compact so as to meet 
the requirement of miniaturization.

When the structure is excited by the odd-mode, the cor-
responding equivalent circuit is shown in Figure 2b. The 
odd-mode admittance of the circuit is

( )= − θ +
θ + θ

− θ θ
Y jcot / Z j

Z tan Z tan
Z Z Z tan tan

(2)odd 1 01
02 0o 2

02 0o 02 2

The transmission coefficient of the total network is ob-
tained by

S
Y Y Y

Y Y Y Y
(3)21

0 odd even

0 even 0 odd

( )
( )( )=

−
+ +

where Y0 is the characteristic admittance of the input and 
output transmission lines.
When |S21|=0, the transmission zeros meet the following 
requirement:

= = =Y jB Y jB (4)even 1 odd 2

where

( )

( )

= θ +
θ + θ

− θ θ

= − θ +
θ + θ

− θ θ

B tan / Z
Z tan Z tan

Z Z Z tan tan
(5a)

B cot / Z
Z tan Z tan

Z Z Z tan tan
(5b)

1 1 01
02 0e 2

02 0e 02 2

2 1 01
02 0o 2

02 0o 02 2

As shown in Figure 3, the curves of reactance B1 and B2 
have three common points, which means that Equation 4 
has three answers. The locations of the three points in Fig-
ure 4 (Z01=160 ohms) are nearly the same as these three 
transmission zeros. When increasing the characteristic im-
pedance Z01, the position of the first zero (fz1) is almost 
the same, while the distance between fz2 and fz3 becomes 

longer. In fact, the 
locations of fz2 and 
fz3 both change 
slightly and, the 
rejection between 
these two frequen-
cies decreases with 
increasing Z01. Z01 
should be chosen 
to achieve the de-
sired stopband re-
jection based on 
the analysis and 
observations.

Frequency re-
sponse is also af-
fected by the 
coupled line. The 
coupling factor 
is defined as K = 
(Z0e- Z0o) / (Z0e+ 
Z0o). As shown in 
Figure 5, the first 
transmission zero 
(fz1) moves to the 
lower side with an 
increase in K, re-
sulting in a sharper 
cutoff frequency 
and a smaller cir-

s Fig. 2  Equivalent circuit. Even-mode (a). 
Odd-mode (b).

Z01 �1

Z01 �1
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s Fig. 3  The curves of B1 and B2 (Z01 = 160 , Z02 = 40 , Z0e = 35 
, Z0o = 23 ,  = 22.2° at 1 GHz, 1 = 24.5° at 1 GHz, 2 = 2° at 1 GHz).
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Simulations with Agilent Tech-
nologies’ Advanced Design System 
(ADS) agree closely with measure-
ments using an Agilent 8510C vec-
tor network analyzer (see Figure 8). 
The measured 3 dB passband extends 
from DC to 0.54 GHz. Three trans-
mission zeros are located at 1.3 GHz 
with S21 = -50 dB, at 3.57 GHz with 
S21 = -56.6 dB and at 5.22 GHz with 
S21 = -26 dB. Rejection is greater than 
20 dB from 1.06 to 5.3 GHz (a frac-
tional bandwidth of 133 percent). The 
roll-off rate is 61.8 dB/GHz (attenua-
tion: 3 dB at 0.54 GHz and 50 dB at 
1.3 GHz).

CONCLUSION
A compact lowpass filter with three 

transmission zeros using a tri-section 
impedance hairpin resonator is de-
scribed. By tuning the transmission 
line parameters, three zeros are used 
to expand the stopband, sharpen the 
cutoff frequency and deepen the re-
jection. The measured results agree 
with the simulations and show that 
this filter has very attractive features: 
sharp transition, a very compact cir-
cuit size and a wide stopband. ■
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s Fig. 6   |S11| and |S21| of the structure. (Z1 
= 180 , Z2 = 40 , Z0e = 35 , Z0o = 23 , 
 =22.2° at 1 GHz, 1 = 24.5° at 1 GHz,  
2 = 2° at 1 GHz).
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Build a leaner DAS with our 
conduction-cooled flatpacks  

Offering you up to 550 W 

average and 10 kW of peak 

power, Aeroflex / Weinschel’s 

conduction-cooled, fixed 

attenuators and terminations 

are designed to fit your next 

Distributed Antenna System 

(DAS) challenge.

These ruggedized, compact, 

low-profile components fit  

in the tightest spaces. Their 

connectors are equipped 

with proprietary, high- 

temperature, support beads 

and they are designed 

specifically for common  

DAS bands through 6 GHz.

•  -55° C to 100° C

•  Temperature Indicators

•  Optional Low PIM Models

•  Customization Available

These standardized,  

Weinschel-quality compo-

nents are available quickly 

and at a great value. Visit our 

website today for complete 

details.  

800-638-9222 / 301-846-9222 

www.aeroflex.com/weinschel

 

Model
Frequency 

(GHz)

Avg. 
Power 

(W)

Peak 
Power 
(kW)

Available
dB Values

SWR
Connector Type 

Available

59 DC to 2.5 100 10 10, 20, 30, 40 1.15 Type N

72 DC to 4.0 50 5 3, 6, 10, 20, 30 1.20 Type N

253 DC to 6.0 550 10 10, 20, 30, 40 1.10 to 1.20* SMK (2.92mm) or N

257 DC to 6.0 250 10 10, 20, 30, 40 1.10 SMK (2.92mm) or N

258 DC to 6.0 400 10 10, 20, 30, 40 1.10 to 1.25* SMK (2.92mm) or N

268 DC to 6.0 100 10 6, 10, 20, 30, 40 1.10 to 1.15* SMK (2.92mm) or N

284 DC to 10.0 50 5 3, 6, 10, 20, 30, 40 1.10 to 1.30* SMK (2.92mm) or N

Model
Frequency 

(GHz)
Avg. 

Power (W)
Peak 

Power (kW)
SWR

Connector Type  
Available

1441 DC to 4.0 50 5 1.20 Type N

1470 DC to 6.0 100 10 1.20 SMK (2.92mm) or N

1471 DC to 6.0 250 10 1.20 SMK (2.92mm) or N

1472 DC to 6.0 400 10 1.20 SMK (2.92mm) or N

1473 DC to 6.0 400 10 1.20 SMK (2.92mm) or N

1476 DC to 10.0 50 5 1.25 to 1.40* SMK (2.92mm) or N

Fixed Coaxial Attenuators

Coaxial Terminations

* Varies with frequency.
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ApplicationNote

Noise on Vcc for
Serial Data Communications
Vitali Penso
Noisecom, a Wireless Telecom Group company, Parsippany, NJ

The supply voltage (Vcc) specifi cation is a 
key parameter for almost all integrated 
circuits’ (IC) datasheets. Unless its re-

quirements are met there is no way to know 
if the remaining IC specifi cations will be valid. 
Therefore before specifying the operational 
supply voltage range of a device, designers, 
verifi cation and quality engineers use the re-
sults of extensive testing to make sure the IC 
meets all the specifi cation requirements within 
the tested Vcc voltage range. With the excep-
tion of the power supply rejection ratio (PSRR) 
specifi cation of some analog and RF ICs, what 
is often not specifi ed or ignored is the immu-
nity of the IC to noise and spurs riding on its 
supply voltage.

IC design verifi cation testing is typically 
done using clean lab power supplies and well 
shielded power supply cables to baseline per-
formance under ideal conditions. Yet those 
conditions are almost never the operating con-
ditions and environment of the IC in real life 
circuits and applications. As a result, almost all 
IC manufacturers provide reference designs 
and board layout practices to minimize noise 
on Vcc. In the end, the responsibility of provid-
ing clean Vcc to the IC is placed on the board 
designer whose specifi c application and operat-
ing environment may require taking additional 
precautions beyond datasheet reference design 
and application circuit recommendations. Un-
less specifi c information is provided by the IC 
manufacturer about the noise immunity of the 

device, the board designer may be forced to 
overdesign the support circuitry which, given 
space and cost constraints, is not always pos-
sible. The designer may have to make educated 
guesses or be forced to plan for an additional 
board spin to verify there are no immunity is-
sues. The additional work inevitably can delay 
product release and increase development 
cost.

Although the concept of noise on Vcc is 
nothing new, advancements in IC die technol-
ogy over the past decade have introduced new 
challenges. Mainly through die shrinking, high-
er levels of integration and lower supply volt-
ages have been achieved resulting in reliability, 
cost and performance benefi ts such as reduced 
parts count, improved power effi ciency and 
thermal performance. In the meantime, the IC 
board level designer has new design challenges 
introduced by the lower supply and I/O volt-
age. What was once an insignifi cant amount of 
noise on the Vcc of a 3.3 or 5 V circuit can no 
longer be ignored on a 1.2 V IC due to lower 
noise margins. Furthermore, the integration of 
digital, analog and RF functionalities on a sin-
gle IC operating at ever higher data rates can 
generate higher internal noise, making the low 
voltage and high speed device more suscep-
tible to added external noise and ripple on Vcc.

Noise on Vcc impacts a wide range of ap-
plications and circuits. In transceivers, receiver 
sensitivity and transmitter spurious emission 
performance may degrade due to noise on the 
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speed differential serial data source 
and the BERT output is connected 
to the J7000. Note that the J7000 is 
operating in bypass mode (no noise 
added) for the initial part of the test. 
It is turned on for the second phase 
of our test to degrade the serial link 
performance by introducing random 
jitter. The output of the J7000 feeds 
the DUT, the output of the DUT then 
drives the BERT detector input, loop-
ing the signal back into the BERT 
receiver. The Vcc of the DUT comes 
from the JV9000, also initially config-
ured with all its noise and spur signals 
turned off, providing a clean supply 
voltage to the eval board for baseline 
testing. A block diagram of the set up 
is shown in Figure 2.

In order to mimic how an IC de-
signer or verification engineer would 
test for immunity of the IC to noise 
and spurs on its Vcc, bypass capacitors 
of the DUT eval board were removed; 
enabling the tester to see which fre-
quencies riding on the Vcc have the 
greatest impact on system perfor-
mance. Before presenting the test 
procedure and results it is important 
to note that for actual IC performance 
verification testing, the designer or 
test engineer would likely use a spe-
cial fixture, free of parasitic effects of 
an evaluation board, in order to mea-
sure the raw performance of the IC. 
In this test set up, it is very likely that 
parasitic effects of the eval board play 
a role in the outcome. In fact the test 
set up may be closer to how a circuit 
board designer would test the noise 
immunity of a circuit given a particu-
lar board layout and its parasitics.

Test Procedure
1)	 Both JV9000 and J7000 noise and 

spur sources are turned off to es-
tablish baseline performance with 
BER = 0 (see Figure 3).

power supply voltage and injects CW 
tones and/or AWGN signal in a con-
trolled manner with 0.1 dB precision 
(see Figure 1).

We also use the jitter generator 
to degrade the BER performance of 
the channel. The unit injects AWGN 
noise on serial data which in turn 
causes random jitter, Rj. The jitter is 
created during the transitions from a 
0 to a 1 or from a 1 to a 0 when the 
noise added to the signal during this 
transitional period causes the receiver 
to interpret the timing of the transi-
tion incorrectly. The resulting timing 
uncertainty is called jitter, and in case 
of AWGN it is random. The unit’s high 
crest factor output allows the genera-
tion of realistic peaks that makes it 
ideal for BERT testing and can be 
used as a random jitter source for 
various serial data bus applications, 
including PCI Express Gen I & II, Se-
rial ATA, Fiber Channel, 10, 40, and 
100 GB Ethernet (802.3).

In the test set up, BERT’s pat-
tern generator is used as a high 

Vcc of an analog-to-digital converter 
(ADC) and a digital-to-analog con-
verter (DAC). Similarly, for clock-
ing and local oscillator (LO) circuits 
with PLL/VCOs and PLL/VCXO/XOs 
used in transceiver designs, noise on 
Vcc can generate clock jitter and LO 
phase noise impacting spurious emis-
sions and receiver sensitivity. In high 
speed serial data communication cir-
cuits the clock jitter caused by noise 
and spurs on the Vcc of the PLL/XO 
circuitry can cause data jitter poten-
tially degrading BER performance.

In this application note, we look 
at a high speed data/clock buffer IC, 
DUT, and the effect noise on its Vcc 
has on overall system performance. In 
characterizing system performance, 
BER testing is used to measure the 
system performance and is supple-
mented by eye diagrams as a visual 
tool. The injection of additive white 
Gaussian noise (AWGN) and CW 
tones into the Vcc path of the DUT 
is accomplished using Noisecom’s 
JV9000 unit. The unit intakes a clean 

s Fig. 1  JV9000 block diagram.

1 kHz to 3 GHz
Discrete or Swept

SIGNAL 
GENERATOR CW

500 Hz to 2 GHz

AUXILIARY
SIGNAL INPUT

Vcc POWER
SUPPLY INPUT

Vcc TRACE
OUTPUT

AWGN Source

ATTENUATION
0 to 127 dB
0.1 dB Steps

ATTENUATION
0 to 127 dB
0.1 dB Steps

s Fig. 2  The test set-up diagram.
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–

+

–
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s Fig. 3  “Clean” error free channel BER 
= 0 (J7000 & JV9000 both off, not injecting 
noise).
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TABLE I
Summary of the data taken 
when the baseline channel 

performance is 1 E-07

Noise Source BER

AWGN 2.5 E-07

CW – 10 kHz 1.0 E-05

CW – 100 kHz 3.0 E-05

CW – 1 MHz 7.0 E-05

CW – 10 MHz 1.2 E-05

CW – 100 MHz 1.6 E-06

AWGN + 1 MHz 9.0 E-05

ApplicationNote

2)	 JV9000 AWGN path is turned 
on and the injected noise level 
is increased slowly as the BER is 
monitored.

3)	 JV9000 AWGN noise source is 
turned off and CW tones of 10 
kHz, 100 kHz, 1 MHz, 10 MHz 
and 100 MHz are injected one 
at a time to see how the BER 
changes at each frequency. Note 
that CW coupling from the Vcc to 
the data outputs will cause deter-
ministic jitter, Dj.

4)	 And finally, step 3 is repeated with 
the AWGN noise turned on to see 
the combined effect AWGN and 
CW spurs have on BER perfor-
mance.

5)	 We then turn off all broadband 
noise and CW signals on the 
JV9000 and degrade the chan-
nel BER to 1E-07 by injecting 
AWGN on to the data lines us-
ing the J7000 jitter generator and 
creating random jitter, Rj. The 
same tests that are performed at 
steps 2, 3 and 4 are repeated on 
the 1 E-7 BER channel to see the 
combined impact of AWGN noise 
and spurs on Vcc have on the al-
ready degraded channel.

The results of the tests can be sum-
marized by noting that when the ini-
tial channel BER is 0 and the AWGN 
noise and CW tones injected onto 
the Vcc are at the maximum standard 
levels (0 dBm tones at the mentioned 
frequencies and 0 dBm total AWGN 
power from 500 Hz to 2 GHz) we 
could not introduce any significant bit 
errors even though the added noise 
could easily be seen on the eye dia-
gram. So there is evidence of the ex-
istence of noise leaking from the Vcc 
pin to the data output pins but there 
is no effect on BER performance. 
However, when the BER is degraded 
to 1 E-07 by injecting AWGN noise 
onto the data lines, creating random 
jitter, the added noise and spurs do 

play a very significant role where the 
BER is now degraded from 1 E-07 up 
to 7 E-05 when a 1 MHz CW tone is 
injected. It is also worth noting that 
switching power supplies generally 
switch at anywhere from 100 kHz to 
a few MHz, so an IC’s Vcc noise im-
munity at these low frequencies is im-
portant in most designs.

The test results are presented in a 
tabular format in Table 1 where the 
channel BER is baselined at 1 E-07. 
For a graphical view of how the DUT 
responded to various injected fre-
quencies on its Vcc see Figure 4.

Injecting broadband noise (AWGN) 
from 500 Hz to 2 GHz into the Vcc of 
the IC (DUT) increases the system 
BER to just over twofold. However, 
when the injected power is concentrat-
ed at one frequency (CW) then impact 
is much greater. As the frequency of 
the injected constant power tone into 
the Vcc pin of the IC changes so does 
the impact on the receiver. We see 
a BER resonance at around 1 MHz, 
where the BER degrades the most, 
when a CW tone at 1 MHz is injected.

Figures 3, 5 and 6 are eye diagrams 
for various test conditions. Figure 3 
shows the eye diagram when BER=0 
and all noise sources are turned off. 
Figure 5 shows the eye diagram BER= 

1 E-07 when only J7000 is injecting 
noise (JV9000 noise sources are off). 
Figure 6 shows the eye diagram for 
the received signal under worst case 
spur and noise conditions (1 MHz CW 
+ AWGN) when the baseline channel 
performance is BER is 1E-07.

Conclusion
As the Vcc levels and IC logic lev-

els drop and the integration of mul-
tiple functions in a mixed signal envi-
ronment generates more noise within 
the IC, the need to test for impact of 
noise and spurs on Vcc on the IC op-
eration becomes increasingly impor-
tant. The goal of this application note 
is to show how IC performance verifi-
cation engineers and circuit designers 
can characterize the operation of an 
IC or circuit in the presence of noise 
and spurs on Vcc. The test results 
show that an IC can be more sensitive 
to noise and spurs riding on its Vcc at 
certain frequencies. Additionally, the 
combination of data jitter and Vcc 
noise may impact the receiver perfor-
mance very differently than what one 
may surmise from individual indepen-
dent tests. Taking it a step further, the 
testing performed in accordance with 
this application note is also necessary 
when an IC designer, an application 
engineer or a circuit designer needs 
to decide what filtering is required on 
Vcc for optimum IC performance.

There are many home-made solu-
tions adopted to perform these tests. 
When multiple test stations need to 
be built or design teams in different 
geographic regions need to work to-
gether, an integrated test set up allows 
test and verification engineers to per-
form their testing in a repeatable and 
controlled manner. There are also the 
savings associated in programming, 
bench space, set-up and system veri-
fication, as well. ■
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s Fig. 4  BER vs. CW (spur) frequency.
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s Fig. 5  BER = 1 E-07 (J7000 injecting 
AWGN noise –10 dBm, JV9000 off).

s Fig. 6  BER = 9 E-05 (J7000 injecting 
AWGN noise, JV9000 injecting AWGN and 1 
MHz CW).
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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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ProductFeature

R&S®RTE digital oscilloscopes offer fast 
and reliable solutions for everyday test 
and measurement tasks such as embed-

ded design development, power electronics 
analysis and general debugging. Users benefi t 
from features such as a high sampling rate of 
5 Gsample/s, a high acquisition rate of one 
million waveforms per second and good signal 
fi delity. A comprehensive set of measurement 
and analysis tools delivers fast results, and the 
high resolution touchscreen makes the oscillo-
scope very easy to use.

Shown in Figure 1, the R&S RTE is avail-
able with two or four channels and a bandwidth 
of 200 MHz, 350 MHz, 500 MHz or 1 GHz. It 
handles everyday test and measurement chal-
lenges quickly, accurately and easily, providing 
time domain, logic, protocol and frequency 
analysis in a single box.

CONFIDENT MEASUREMENT
The main purpose of a digital oscilloscope is 

to measure electrical signals. This can be sim-
ple measurement of signal characteristics such 
as frequency and rise and fall times or complex 
analysis such as determining the switching loss 
of a switched-mode power supply. The most 
important factor for users is that they can rely 
on the quality of measurement results.

The more details an oscilloscope can show, 
the higher the probability that the user will be 
able to analyze signal faults or important events. 
As a prerequisite, the oscilloscope must have a 
high time resolution that is based on the sam-
pling rate. In addition, many applications also 
require long record lengths, for instance for ana-
lyzing the data content of serial protocols.

106  MICROWAVE JOURNAL  JUNE 2014

Easy and Powerful 
Oscilloscopes
Rohde & Schwarz
Munich, Germany

 Fig. 1  The R&S RTE is available with two or four 
channels and a bandwidth of 200 MHz, 350 MHz, 500 
MHz or 1 GHz. 
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a matter of pressing a few buttons. 
The high acquisition rate ensures that 
mask violations are detected rapidly 
and reliably. Signal anomalies and un-
expected results are easy to identify by 
stopping the measurement if the mask 
is violated.

Where does the interference pulse 
in the signal come from? What caused 
the loss of a data bit? The real cause 
of a problem can often only be found 
by looking at the history of a signal se-
quence. The R&S RTE history func-
tion always provides access to previ-
ously acquired waveforms. This en-
ables users to later analyze in detail 
the measurement data stored in the 
memory.

The FFT function of the new os-
cilloscope makes spectral analysis 
easy. The high acquisition and post-
processing rate conveys the impres-
sion of a live spectrum, and operation 
is as simple as entering the center 
frequency, span and resolution band-
width. Using the persistence mode, 
rapid signal changes, sporadic signal 
interference and weak superimposed 
signals can easily be made visible.

The ability to overlap FFT frames 
enables the R&S RTE to detect in-
termittent signals such as pulsed in-
terferers. This powerful FFT function 
plus the high dynamic range and input 
sensitivity of 1 mV/div make the oscil-
loscope ideal for tasks such as EMI 
debugging of electronic circuits during 
product development (see Figure 3).

with a high degree of accuracy. The 
main features of the new oscilloscope 
are listed in Table 1.

More Functions, Faster 
Results

The R&S RTE includes many in-
tegrated measurement tools for de-
tailed signal analysis. They range from 
simple cursor functions to mask tests 
to complex mathematical operations. 
Many measurement functions such 
as histograms, spectrum display and 
mask tests are hardware-implement-
ed. This ensures a very responsive 
scope and a high acquisition rate. Fur-
thermore, statistically conclusive mea-
surement results are available fast.

In addition to the automatic mea-
surements that are customary for digi-
tal oscilloscopes, the R&S RTE offers 
the QuickMeas function. QuickMeas 
simultaneously displays the results 
of several measurement functions, 
which users select according to their 
needs. A toolbar at the upper edge of 
the screen provides fast access to this 
function.

Mask tests reveal whether a spe-
cific signal lies within defined toler-
ance limits and use statistical pass/fail 
evaluation to assess the quality and 
stability of a device under test. Mask 
creation in the R&S RTE is simply 

In order to main-
tain a high sampling 
rate even for long 
signal sequences, 
the oscilloscope re-
quires a deep mem-
ory. The R&S RTE 
offers a combina-
tion of a sampling 
rate of 5 Gsample/s 
at a memory depth 
of 10 Msample per 
channel. This can be 
optionally expanded 
to 50 Msample per 
channel.

The less often 
signal faults occur, 
the longer it can 
take to detect them. 
This makes a high acquisition rate 
critical. The core of the new oscillo-
scope is an ASIC that was especially 
designed for parallel processing. As a 
result, the R&S RTE can acquire, an-
alyze and display more than one mil-
lion waveforms per second without a 
special acquisition mode. The high ac-
quisition rate makes it possible to find 
signal faults faster and more reliably, 
effectively shortening debugging time 
(see Figure 2).

Also, the highly accurate Rohde 
& Schwarz digital trigger system pro-
vides precise results. This system de-
termines when a trigger condition is 
met by directly analyzing the digitized 
signal with 500 fs resolution indepen-
dently of the current sampling rate. 
The result is very low trigger jitter 
(< 1 ps RMS) and high measurement 
accuracy. Thanks to the digital trig-
ger system, the trigger hysteresis can 
be adjusted to the signal quality. This 
ensures, for example, stable triggering 
even on extremely noisy signals.

The single-core A/D converter 
with more than seven effective bits 
(ENOB) almost completely elimi-
nates signal distortion. The input sen-
sitivity of 1 mV/div without any band-
width limitations ensures that low-am-
plitude signals can also be measured 

s Fig. 3  Together with the R&S HZ-15 
near-field probe set, the R&S RTE oscil-
loscope is ideal for EMI debugging during 
development.

s Fig. 2  The R&S®RTE finds rare signal faults very quickly thanks 
to its high acquisition rate of one million waveforms per second.

TABLE I
R&S®RTe at a glance

Bandwidth Analog  
Channels

Sample  
Rate

Memory 
Depth

Acquisition 
Rate

ENOB 
(ADC)

MSO (R&S®RTE-B1  
Option) Display

200 MHz, 350 MHz, 
500 MHz, 1 GHz 

(upgradable)

2/4 channels 5 Gsample/s 
per channel

10 Msample per 
channel (optional 

50 Msample)

> 1 000 000 
waveforms/s

>7 16 digital channels 
5 Gsample/s and 100 
Msample per channel

10.4", color, touch, 
1024 × 768 pixel, 

multiple grids
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Catch up on the latest  
industry news with the 
bi-weekly video update 

Frequency Matters
 from 

Microwave Journal

www.mwjournal.com/freqmatters

Sponsored By

Scan page
using           app

challenging the status quo:
CMOS RF front ends and 
GaN on Si.

news and  
special guest
Interviews

PA characterization and 
noise measurements

IMS news and 
special events

Dedicated Applications
In addition to the standard functionality, the R&S RTE 

offers various optional application solutions, including trig-
ger and decoding options for serial buses (such as I2C, SPI 
and CAN) and a power analysis option. The logic analysis 
capability is essential for analyzing digital components of 
embedded designs. The R&S RTE-B1 mixed signal op-
tion can be added to any base unit and offers 16 additional 
digital channels with a sampling rate of 5 Gsample/s and a 
memory depth of 100 Msample per channel. It is possible 
to decode up to four serial or parallel buses simultaneously.

A comprehensive portfolio of high-quality active and 
passive probes is available for the R&S RTE to perform 
measurements in common voltage and current ranges. 
One of the highlights of the active probes is a micro but-
ton on the probe tip. This button can be used to perform 
a variety of functions such as run/stop, autoset and adjust 
offset on the oscilloscope. The highly precise R&S Probe-
Meter DC voltmeter (measurement error: ±0.1 percent) is 
integrated into the active probe and provides a convenient 
means of answering questions such as: “Is the supply volt-
age correct?” and “Is DC voltage superimposed?”

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

Easy to Use
Thanks to the high resolution 10.4" XGA touchscreen, 

users can intuitively perform their daily test and measure-
ment tasks. For example, users can simply ‘drag & drop’ 
waveforms to arrange them on the screen. The screen can 
flexibly be divided into several diagrams according to the 
user’s requirements. Real-time miniature views of the sig-
nals on the edge of the screen allow users to always see 
what is happening.

The R&S RTE controls are color-coded and indicate 
which channel is currently active. The color coding cor-
responds to the signal display on the screen. Dialog boxes 
are opened as semi-transparent overlays over the active 
waveforms, which maintain their full size. Users can ad-
just the transparency of dialog boxes as required. Signal 
flow diagrams and forward and back buttons in the dialog 
boxes simplify navigation, while the configurable toolbar 
provides fast access to frequently used functions.

Users simply select a tool and apply it to their waveform. 
Tools that have a similar function are grouped together. In 
addition to the standard tool suite, the R&S RTE features 
many highlights such as fingertip zoom, which allows us-
ers to quickly view signal details by moving their finger or 
mouse along the signal. Another example is the SaveSet 
tool which enables users to quickly load different configu-
rations. To select the right configuration, the user simply 
swipes a screenshot.
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Despite radio standard evolution, in-
teroperability with older or other 
modulation formats/services remains 

a requirement, and the incorporation of these 
bands and standards into a single radio system 
poses a difficult design challenge. The simplest 
solution is to integrate multiple single band ra-
dios, but this can be impractical. A better solu-
tion is a single broadband radio, one capable of 
multiple bands and waveforms; but this places 
difficult restrictions on the radio designer re-
quiring multi-band, multi-mode operation 
without compromising cost, size, or efficiency 
– a significant challenge.

Because the RF power amplifier dominates 
overall radio power consumption, the amplifier 
is often the key to achieving the design goals. 
The advent of Gallium Nitride (GaN) technol-
ogy opens a practical path to next generation, 
flexible, future-proof, and frequency agile ar-
chitectures for handheld radios. Radios based 
on these design platforms are both cost effec-
tive and configurable for land mobile radio 
standards deployed worldwide today, while 
being adaptable for the standards of tomorrow.

Typical handheld radio PA design require-
ments include:
•	 �Battery packs of 4.5 to 12 V, usually around 

2 amp-hours
•	 �Moderate output power, 1 to 10 W at the 

PA, 1 to 8 W at the antenna
•	 �RF power control for battery conservation, 

-6 to -10 dB reduction typical

•	 ALC to maintain constant output power
•	 �High PA efficiency to extend operating time, 

reduce battery size and weight
•	 �50 V load impedance but must tolerate 

moderate VSWR from broadband antennas
•	 Small area and volume, low cost

The NPA1006 Handheld Solution
The NPA1006 is an integrated GaN power am-

plifier that offers 10 W minimum output power 
from a 28 V supply continuously from 20 MHz to 
1 GHz. The package is a low profile overmolded 
plastic 6×5×1 mm surface mount (SMT) package 
well suited to the space limitations of a handheld 
product. External support circuitry is minimal, 
requiring only a few passive lumped elements on 
the output to improve the high frequency perfor-
mance and provide proper depletion-mode GaN 
transistor biasing.

The NPA1006 includes internal input-match-
ing providing a near 50 V input impedance. The 
output of the PA is unmatched, but a simple 
matching network provides a broadband match 
to 50 V, as seen in Figure 1. Combining high 
operating voltage and low intrinsic capacitance, 
the transistor works well natively from low to 
mid band for both large and small signal con-
ditions. At high frequencies the simple external 
match of the applications circuit maintains good 
power and efficiency through 1 GHz. The ex-
ternal output match can also be optimized for 
narrower band performance if desired (such as 
VHF/UHF or UHF/800 MHz only).
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Handheld Mobile Radio 
PA Solution
MACOM
Lowell, MA
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$995ea. qty. (1-9)from

High-powered performance, across wide frequency ranges.   
These class A/AB linear amplifiers have set a standard 
throughout the RF & microwave industry. Rugged and 
reliable, they feature over-voltage and over-temperature 
protection, including the ability to withstand opens and 
shorts! And they’re all in stock, whether with a heat 
sink/fan ( for design labs and test benches), or without 
(for quick integration into customer assemblies ). Go to 
minicircuits.com, where it’s easy to select the models 
that meet your needs, including new features like    
TTL-controlled RF output. Place an order today, and you 
can have them in your hands as soon as tomorrow—or 
if you need a custom model, just give us a call for an 
engineer-to-engineer discussion of your requirements!

       

416 rev AC

                                   UP TO 100 Watt

AMPLIFIERS
  100 kHz to18 GHzNOW!

Mini-Circuits®

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

NEW

Model        Frequency Gain Pout @ Comp.     $ Price
       (MHz) (dB)   1 dB 3 dB  (Qty. 1-9)  
       ( W ) (W)                                                 
ZVE-3W-83+ 2000-8000     36 2 3 1295  
ZVE-3W-183+ 5900-18000    35 2 3 1295  
ZHL-5W-2G+ 800-2000   45 5 6 995  
ZHL-5W-1  5-500 44 8 11 995  
ZHL-10W-2G 800-2000   43 10 13 1295  

ZHL-16W-43+ 1800-4000     45 13 16 1595  
ZHL-20W-13+ 20-1000 50 13 20 1395  
ZHL-20W-13SW+ 20-1000 50 13 20 1445  
LZY-22+ 0.1-200 43 16 32 1495  
ZHL-30W-262+ 2300-2550     50 20 32 1995  

ZHL-30W-252+ 700-2500   50 25 40 2995  
LZY-2+ 500-1000   46 32 38 2195  
LZY-1+ 20-512  43 37 50 1995  
ZHL-50W-52 50-500  50 40 63 1395  

ZHL-100W-52 50-500  50 63 79 1995  
ZHL-100W-GAN+ 20-500  42 79 100 2395  
ZHL-100W-13+ 800-1000 50 79 100 2195  

 
Protected under U.S. Patent 7,348,854•

   Listed performance data typical, see minicircuits.com for more details.

•
•

•

•
•

•
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Figure 2 shows 
broadband per-
formance of the 
NPA1006 at 41 dBm 
(12.5 W) output 
power with power 
added efficiency 
(PAE) ranging from 
50 to 85 percent. 
Figure 3 shows both 
gain and PAE versus 
output power.

Targeting peak efficiency will 
provide the longest battery life for a 
portable radio. Using a battery plus 
DC-DC converter configuration for 
the power supply of the radio allows 
real-time adjustment of the amplifier 
supply voltage up or down as needed. 
For every combination of frequency, 
desired output power, and load VSWR 
there is an optimum supply voltage for 
best efficiency. The efficiency differ-
ence between using power control 
by adjusting input drive only, and the 
proposed configuration, which adjusts 
both the input drive and the supply 
voltage, can be significant. Figure 4 
contrasts these two approaches with 
the NPA1006 operating at 100 MHz.

By reducing both the drive and the 
supply voltage the efficiency remains 
well above 60 percent from under 2 
W to more than 10 W as seen in the 
upper curve. Using drive reduction 
alone the lower red curve shows that 
the efficiency falls rapidly at low pow-
er levels. A variable supply voltage, 
intelligently controlled, can reduce 
or counter the effect of these factors 
while maintaining maximum perfor-
mance. Thermally, the NPA1006 is an 
optimized device with a low 4.6° C/W 
thermal resistance.

The next generation of LMR radi-
os must support both legacy and LTE 
modulation and frequency bands. 
While it is possible to continue to ex-
pand capability through stacked sys-
tem blocks, the more efficient method 
takes advantage of software defined 
radio advances combined with broad-
band GaN based power amplifiers. 
These new systems provide ultimate 
flexibility supported by simple trans-
ceiver architectures.

 
MACOM,  
Lowell, MA,  
www.macom.com.

s Fig. 1  Matching network for the NPA1006 provides a broadband 
match to 50 Ω.
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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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Due to the integrated unit design 
being optimized, performance for inser-
tion loss is held at 1.8 dB maximum. If 
separate components were utilized for 
the function, this performance would 
be over 2 dB. This provides a great im-
provement in receiver sensitivity for the 
overall system. Because of the unit inte-
gration, phase balance of ±5° maximum 
is maintained as well.

Future plans are for this product 
line to offer Iso-Dividers and Iso-
Combiners in various configurations 
(4, 6, 8 ports). These versions will be 
developed and released as market de-
mand is validated.

Crane Aerospace & Electronics 
Microwave Solutions,  
Chandler, AZ (480) 940-1655, 
www.craneae.com/mw.

Ku-Band Iso-Divider

Crane Aerospace & Electronics 
Microwave Solutions Ku-Band 
Iso-Divider product line is 

designed for use in satellite applica-
tions. The Iso-Divider represents a 
marriage of the company’s heritage 
space passive and space ferrite prod-
ucts. This unit combines the functions 
of high performance power dividers 
with ferrite isolators to provide a high 
isolation power divider solution, mak-
ing the external isolators redundant, 
for satellite receiver applications, 
without introducing complex switch-
based solutions. Integration of the 
two functions into a single package 

provides enhanced product reliability 
due to fewer external components, in-
terconnects and transitions. Addition-
ally, marrying the power divider and 
isolators in the same package allows 
the performance of the integrated 
unit to be carefully matched for better 
overall performance. The integration 
saves weight, and reduces external as-
sembly and additional screening cost.

Crane has been able to achieve the 
full range of 10.7 to 14.8 GHz isolator 
performance while simultaneously main-
taining excellent insertion loss. In the 
past, for optimum loss performance, this 
band has typically been broken into two 
segments. With over 20 years of experi-
ence designing and manufacturing both 
space qualified passive components and 
isolators, Crane successfully brings this 
product to the market.

TechBrief

with the NEW MWJ APP

Go
Mobile
Get the free Microwave Journal Magazine App that 
includes the monthly issue, favorite archives and real-
time industry news, blogs and interviews. Available 
on iTunes, Google Play and Amazon.

Download your MWJ app now  
at www.mwjournal.com/MWJapp

Download Now

http://bit.ly/VQxL2o
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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
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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
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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.
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5-10 OCTOBER 2014
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EuMW 2014
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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  

Interested in exhibiting?
Call +44(0) 20 7596 8742 or visit www.eumweek.com

EUROPEAN MICROWAVE WEEK 2014 
NUOVA FIERA DI ROMA, ROME, ITALY  

OCTOBER 5 - 10, 2014

EUROPE’S PREMIER MICROWAVE,
RF, WIRELESS AND RADAR EVENT
EuMW 2014 will be held in the extraordinary and beautiful ‘Eternal City’ of Rome. Bringing 
industry, academia and commerce together, European Microwave Week 2014 is a SIX day 
event, including THREE cutting edge conferences and ONE exciting trade and technology 
exhibition featuring leading players from across the globe. EuMW 2014 will offer you the 
unique opportunity to be connected to the future of microwave technology.

The Exhibition (7th – 9th October 2014)
• 8000 sqm of gross exhibition space

• 5,000 key visitors from around the globe
• 1,700 - 2,000 conference delegates

• In excess of 250 international exhibitors  
(including Asia and US as well as Europe) 

The Conferences:
• European Microwave Integrated Circuits Conference (EuMIC)  

6th – 7th October 2014
• European Microwave Conference (EuMC) 6th – 9th October 2014

• European Radar Conference (EuRAD) 8th – 10th October 2014
• Plus Workshops and Short Courses (From 5th October 2014)
• In addition EuMW 2014 will include the ‘Defence, Security  

and Space Forum’.

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:

Co-sponsored by:Co-sponsored by: Co-sponsored by:
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TechBrief

split of RF power, and results in the 
use of a narrow planar conductor that 
is much more suitable for matching 
with a thermistor.

The new design is at the heart 
of the TEGAM 1510A and 2510A 
calibration standards. The units are 
temperature controlled coaxial RF 
feedthrough and terminating power 
transfer standards that enable the 
precise measurement of microwave 
power in the 10 MHz to 50 GHz fre-
quency range.

TEGAM,  
Geneva, OH  
(800) 666-1010,  
www.tegam.com.

Two-Thermistor Bolometer

T here are many techniques for 
measuring microwave power, 
with different methods most 

suited to different applications. Some 
have advantageous features for porta-
bility, speed of response, or cost, and 
these are seen in many production 
power sensor systems. As a manufac-
turer of calibration systems, TEGAM 
chooses to research measurement 
methods that result in the lowest total 
uncertainty and clearest traceability 
to the SI units.

For many years, the two thermis-
tor coaxial bolometer has been the 
arrangement providing lowest un-
certainty with straightforward trace-
ability. As TEGAM worked toward a 
50 GHz, 2.4 mm calibration system, 
TEGAM engineers developed a new 

system that provides the uncertainty 
and traceability benefits of the therm-
istor bolometer, while using modern 
electronic manufacturing techniques 
to control reflections.

The key to a two-thermistor bo-
lometer is splitting the RF power 
such that it divides between the two 
thermistors. The historic arrangement 
involves bifurcating the center con-
ductor of an air line and then hanging 
thermistor beads in interruptions on 
the two sides of the center conduc-
tor. In the new design, an innovative 
launcher structure splits the incoming 
RF from a 1.85 mm air line to a pair 
of coplanar waveguides that mirror 
each other on opposite sides of a thin 
Quartz substrate. The launch design 
minimizes reflection caused by the 
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- Fundamentals of EMC
- Understanding the Importance of Bore 
   Sight Antenna Measurements
- Smart Grid EMC Update
- EMC Issues for Unmanned Aircraft Systems
- Nanotechnology Applied to EMC
- Application of Reverberation Chambers
- Introduction to Medical EMC
- Recent Developments in EMC for Emerging 
  Wireless Technologies
- Using CEM Modeling to Understand the 
  Underlying Physics in EMC Problems
- Basic EMC Measurements

- Recent Research and Education  
  in EM Information Security 

- Radio-Frequency Interference 
  and Wireless EMC 

- Numerical Methods for Signal 
  and Power Integrity 

- Nanotechnology in EMC 

- Large Scale Modeling for Signal 
  and Power Integrity You Won’t Want to Miss the Informative Topics Covered

in the EMC 2014 Workshops & Tutorials! 

You’re Invited to Our 
Welcome Reception 

for a Southern Hospitality
Culinary Experience at the

Duke Energy Center 
for the Performing Arts

Tuesday, August 5, 2014
at 6:00 pm

- EMC for Space Applications
- EMC Consultant’s Toolkit
- Time Domain Site VSWR (sVSWR) Method above 
  1 GHz and Correlations to CISPR sVSWR
- Introduction to Spectrum Engineering
- Electromagnetic Time Reversal with Emphasis 
  on Lightning and Fault Detection
- Details of the First Practical Method for Risk-Managing
  EMC (or Achieving EMC for Functional Safety)
- Understanding Recent EMC Standards from the IEEE
- System Level Approaches to Design and 
  Test for EMI Control
- Introduction to Spectrum Engineering

Check Out the Outstanding
Lineup of Special Sessions! 

REGISTER NOW!
Join us in Raleigh, North Carolina on August 3-8 for the Leading International 
EMC and Signal & Power Integrity Symposium!  
    The 2014 conference includes a full week of special sessions, practical workshops and     
    technical papers devoted to best practices for EMC testing, engineering and high-speed design.

Read the details about these programs
and the excellent symposium planned

for you in the Advance Program posted on
www.emc2014.org

There is much to be learned in the
NEW embedded SI/PI 2014 Conference!
     - Introduction to SI/PI Modeling and Design
     - Advanced Topics in Signal and Power Integrity - 
       Achieving 25 Gb/s to 100 Gb/s
     - Essential Principles of Jitter

emc2014_microwave_journal_sessions_1pgad.indd   2 5/16/14   11:16 AMMWJEMC0614.indd   117 5/27/14   10:29 AM
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New Website

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

Microwave and RF 
Switches
Logus Microwave, a supplier for 
switches in Unmanned Aerial Ve-
hicles, recently revamped its web-
site. The company’s UAV ultra-
light, high reliability switches are 
the cutting edge in design for our 
nation’s Defense, Homeland Security, Real Time Weather Data and Sur-
veillance Programs. Logus offers complete custom designed switches as 
well as the Logus standards of SPDT, DPDT, SP3T and DP4T including 
stacked and ganged Waveguide Switches.
Logus Microwave
www.logus.com

Silicon mmW Core IC 
Solutions
Visit Anokiwave’s new website 
to learn about how its silicon 
mmW Core IC Solutions enable 
next generation Radio, Radar 
and AESA applications. Discover 
Anokiwave’s AESA expertise, 
SATCOM design successes, and 
pioneering automotive radar so-
lutions. Explore the company’s 
growing standard product lineup as well. Visit www.anokiwave.com today 
to see how its mmW solutions are enabling a new world!
Anokiwave
www.anokiwave.com

CST Optimization Tools 

CST STUDIO SUITE® has pa-
rameterization and optimization 
tools that allow engineers to get 
the most out of their devices. The 
new optimization page on the 
CST website describes the opti-
mization process, detailing the use 
of local and global optimizers and 
its integration into the electro-
magnetic design workfl ow. Using optimization tools, users can fi nd the 
parameters which fulfi ll their desired goal. To fi nd out more, visit the CST 
website: www.cst.com/Optimization 
CST
www.cst.com/Optimization 

RF Academy

National Instruments announced 
that it has launched the RF Acad-
emy at ni.com/rf-academy. It con-
tains tutorial videos and applica-
tion notes for anyone working in 
RF and wireless – from students 
to veterans. The RF Academy is 
where you can watch whiteboard-style tutorials and “how-to” videos as 
well as read in-depth application notes. Whether you’re a seasoned en-
gineer looking to solve new RF challenges or a new engineer hoping to 
understand the fundamentals, NI can help you.
National Instruments
www.ni.com/rf-academy
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WebUpdate

Redesigned Website

Pasternack launched its new web-
site which boasts best-in-class site 
search functionality, one-page 
checkout and an updated user-
friendly interface. The new site is 
the fi rst major redesign since the 
company’s 2012 website overhaul. 
Most noticeable to the user is the simplifi ed, stripped down look and 
feel of the new homepage. Pasternack’s main objective was to provide 
engineers and buyers the easiest, most intuitive process for searching and 
fi nding any of the company’s 40,000+ RF components and cable assem-
blies with as few clicks as possible.
Pasternack Enterprises
www.pasternack.com

Millimeter-wave Store

SAGE Millimeter Inc. announced 
the launch of its industry-fi rst 
online store for millimeter-wave 
components up to 170 GHz. This 
new tool offers millimeter-wave 
engineers a convenient method 
to check product datasheets and 
stock quantities. Currently, the online store carries a selection of standard 
products including waveguide to coax adapters, directional couplers, de-
tectors, Faraday isolators, waveguide taper and mode transitions, bulk-
head adapters, passive multipliers and a variety of antenna. More prod-
ucts will be added soon.
SAGE Millimeter Inc.
www.sagemillimeter.com

Crystal Oscillator 
Products Site
Visit Wenzel’s new website and 
learn why world-class perfor-
mance and innovative design 
characterize them as the leader 
in low phase noise crystal oscilla-
tors, synthesizers and frequency 
related modules. Since 1978, the 
company has defi ned the state-of-the-art in ultra-low phase noise while 
providing system manufacturers with the highest quality, cost effective 
frequency components and instruments.
Wenzel Associates
www.wenzel.com 
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RF/Microwave Training Series
Presented by: Besser Associates
• Mixers and Frequency Conversion

Technical Education Training Series
• Overview of FEKO Suite 7.0
• Practical Antenna Design for Advanced Wireless Products
•  Antenna Measurements in Under 1 Second Using Very-Near-

Field Technology
• Advanced Safety Systems in Automotive Designs
• 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
•  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
•  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

Presented by:

Past Webinars On Demand

June Short Course Webinars
Technical Education Training
Unleashing 5G mm-waves – A Test & Measurement 
Perspective
Presented by: Rohde & Schwarz
Live webcast: 6/11/14

Technical Education Training
Simulating Dynamic Load Modulated Amplifi ers – 
An Alternative Solution to Maintaining Effi ciency over a 
Power Range 
Sponsored by: AWR Corp.
Live webcast: 6/18/14

Register to attend at
mwjournal.com/webinars

Innovations in EDA
Designing Custom Filters using Direct Synthesis and 
Network Transforms
Presented by: Agilent Technologies
Live webcast: 6/26/14
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Double-Balanced  
Fundamental Mixer

The Custom MMIC 
CMD179 is a general 
purpose, double-bal-
anced GaAs mixer that 
can be used for up- and 
down-converting appli-
cations between 16 and 
26 GHz. The mixer, 

which offers conversion loss of 7 dB, an LO to 
RF isolation of greater than 40 dB, an IF band-
width of 8 GHz, and an input IP3 of +18 dBm, 
is ideally suited for hybrid assemblies given its 
small die size of 0.9 mm2.
Custom MMIC, 
www.custommmic.com.

Economic Sensor
Model SRF-77120910-01 is a low cost 77 GHz 
sensor designed for Doppler speed measure-

ment. It is con-
structed with a 
high perfor-
mance circular 
horn antenna, a 
linear to circular 
polarizer and 
T/R diplexer. It 

also incorporates a balanced mixer and a high 
performance Gunn oscillator. The sensor fea-

AKC series is available in a choice of either 10, 
20 or 30 dB coupling and the lightweight units 
feature aluminium housings and 2.92 mm stain-
less steel female connectors. Coupling accuracy 
and flatness are ±1.0 dB max across the indi-
vidual bands, while typical VSWR is 1.5:1 and 
power handling capability is 30 W.
Atlantic Microwave Ltd., 
www.atlantecrf.com.

Microwave Space Qualified 
Products (MSQP)

Crane Aerospace & 
Electronics Microwave 
Solutions announced 
the recently re-
launched Microwave 
Space Qualified Prod-
ucts (MSQP) product 

line. This line offers a range of standard passive 
products including power dividers, hybrids, 
couplers and mixers. These products have been 
previously qualified to internally generated 
standards derived from industry standards. 
They can be deployed to space-flight applica-
tions in a more rapid fashion and with lower 
cost as complex and time-consuming qualifica-
tions would not be required.
Crane Aerospace & Electronics, 
www.craneco.com.

Components
Hybrid Power Module

AR’s Hybrid Power Module (HPM), 
37HM6G18-40, is a broadband power amplifi-
er, which operates from a single DC voltage and 

covers 6 to 18 
GHz. It delivers 
a minimum of  
5 W output 
power and 42 
dB small signal 

gain with excellent gain flatness and harmonics. 
The HPM has a built-in over voltage protection 
and is a Class A design. It is extremely load tol-
erant and can be used as a microwave power 
amplifier for both the military and commercial 
industries.
AR RF/Microwave Instrumentation, 
www.arww-rfmicro.com

Directional Couplers

AtlanTecRF introduces 
directional couplers 
with frequency capabil-
ity up to 40 GHz in a 
number of bands in-
cluding 18 to 40, 6 to 

40, 2 to 40 GHz and the ultra-wide band version 
1 to 40 GHz. Each frequency range in the new 
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New Waves: Semiconductors/MMICs/RFICs
for more new products, visit www.mwjournal.com/buyersguide 
featuring V  storefronts

Broadband High Power Amplifier
Agile MwT in-
troduced its 
high linearity 
broadband pow-
er amplifier se-
ries which in-

cludes model AMT-A0117. It operates in a fre-
quency range from 100 to 1500 MHz, offers 
P1dB of +34 dBm, OIP3 of +52 dBm, 36 dB of 
gain, and excellent VSWR. The operating volt-
age is +15 V DC with current of 1.2A. Its com-
pact size and low cost makes it ideal for com-
mercial or military applications.
Agile MwT, 
www.agilemwt.com.

Power Amplifier Module
C O M T E C H 
PST introduced 
a new high pow-
er density solid 
state RF mod-
ule quickly be-

coming available in today’s marketplace. Com-
tech’s latest development continues to expand 
on its proven innovative integrated RF GaN 
power amplifier designs by further increasing 
the RF power density. Consistent with its 
planned technology development roadmap, 
Comtech introduced the latest in GaN-based 6 
to 18 GHz RF amplifier. This highly integrated 
design is ideal for use in communication, elec-

tronic warfare, and radar transmitter systems 
where space, cooling and power are limited.
Comtech PST,  
www.comtechpst.com. 

Broadband Drop-In Amps
Introducing Microwave 
Solutions broadband 
drop-in amplifier fami-
ly. They are perfect 
when you need a boost 
of power with low noise 

on a test, ground or aerospace MTBF that are 
over 8,000,000 hrs. These amplifiers are de-
signed to meet MIL-STD-883 and manufac-
tured in compliance with AS9100. The frequen-
cy range covered is 1.5 to 16 GHz with typical 
noise figure range of 1.4 to 3 dB. The output 
power is 18 dBm, 1 dB GCP typ. Size is ap-
proximately 0.76 × 0.65 × 0.22 without SMA 
connectors.
Microwave Solutions Inc., 
www.microwavesolutions.com.

Monolithic Amplifier

Mini-Circuits PMA2-
33LN+ is an E-
PHEMT based, ultra-
low noise MMIC am-
plifier with a unique 

combination of low noise and high IP3, making 
this amplifier ideal for sensitive, high-dynamic 
range receiver applications. This design oper-
ates on a single 3 V supply, is well matched for 
50 W systems, and comes in a tiny, low-profile 
package accommodating dense circuit board 
layouts.
Mini-Circuits, 
www.minicircuits.com. 

Millimeter-wave High Power 
Amplifier

QuinStar Technology 
introduced a new line 
(Model QBP) of high 
power solid-state power 
amplifiers (SSPA) cov-
ering 25 to 110 GHz. 

Power levels of standard products range from 
200 W at Ka-Band to 50 W at 94 GHz. Both 
pulsed and CW models are offered to suit virtu-
ally any application. In addition to their com-
pact size and high efficiency, these amplifiers 
also incorporate many useful features, such as 
power monitoring, remote control and thermal 
management.
QuinStar Technology Inc., 
www.quinstar.com. 
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Mini-Circuits®

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

0.25 to 6400 MHz     
Control your test setup via Ethernet or USB with a synthesized 
signal generator to meet your needs and fit your budget!  
The SSG-6400HS and the new SSG-6000RC feature 
both USB and Ethernet connections supporting HTTP and 
Telnet protocols, giving you more choices and more freedom.

Small enough to fit in your laptop case, all models provide 
sweep and hopping capabilities over frequencies and power 
levels and are designed for easy integration with other test 
equipment using trigger and reference ports.  They even 
feature built-in automatic calibration scheduling based on 
actual usage!

Our user-friendly GUI software, DLLs, and programming 
instructions are all included so you can control your SSG 
through our software or yours!  Visit minicircuits.com today 
to find the right model for your application!

 SIGNAL 
GENERATORS

To fit your budget. 

from

$1995ea.

USB & 
Ethernet 

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

 SSG-4000HP $1,995           

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

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

 

New

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

Models Available from Stock at Low Prices!
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can cover the frequency range of DC to 65 GHz. 
Typical applications are for military and commer-
cial use, including calibration services and ATE.
RLC Electronics Inc., 
www.rlcelectronics.com.

V-Band Eight Way  
Power Combiner

Model SWP-50366308-15-C1 is a V-Band 
waveguide eight-way power combiner that 

operates from 50 to 66 
GHz. The power com-
biner exhibits 2 dB in-
sertion loss and 18 dB 
port to port isolations 
between non-adjacent 
ports and 13 dB be-

tween adjacent ports in the operational band-
width. The power combiner possesses excellent 
phase and amplitude balance. The power com-
biner is equipped with WR-15 waveguides and 
UG385/U flanges.
SAGE Millimeter Inc., 
www.sagemillimeter.com.

Coaxial Switch
The Series CCR-40K is 
a broadband SPDT, 
electromechanical, co-
axial switch designed to 
switch a microwave sig-
nal from a common in-

put to either of two outputs. It incorporates 
2.92 mm high performance connectors and a 
characteristic impedance of 50 V. The new 
CCR-40K series measures 1.50" × 0.52" × 2.02", 
has a maximum weight of 1.65 oz (46.78 g) and 
expands the company’s switching line card to 
frequencies as high as 40 GHz.
Teledyne Coax Switches, 
www.teledynecoax.com.

Combiner/Divider

Power, efficiency, and 
bandwidth. Werlatone 
provides all three quali-
ties in its growing line 
of high power 2-way 
combiners/dividers. 
Model D9392 is no ex-
ception. Covering the 

full 500 to 2500 MHz, the D9392 is conserva-
tively rated at 500 W CW, and operates with less 
than 0.3 dB of insertion loss.
Werlatone Inc., 
www.werlatone.com.

Cables and 
Connectors
Low Loss Cable Assemblies

Fairview Microwave Inc. 
introduced a new line of 
low loss test cables using 
LL335i and LL142 coax. 
These new low loss cable 
assemblies are ideal for 
test environments where 

a rugged, phase stable cable assembly is required. 
Fairview Microwave’s new LL335i and LL142 ca-
bles allow for higher power transmission because 

Two Throw Switch

PMI’s model no. P2T-500M18G-50-T-SFF-I is 
a terminated, single pole, two throw switch 

that operates over the 
frequency range of 0.5 
to 18 GHz. This model 
handles +23 dBm CW 
input power with port 
to port isolation of 50 
dB min. It has a low in-
sertion loss of 2.8 dB 
max while still offering 

a fast switching speed of 50 nsec max. The unit 
is supplied with SMA female connectors in a 
housing measuring 1.0" × 1.0" × 0.5".
Planar Monolithics Industries Inc., 
www.pmi-rf.com.

BAW Filters for Wireless 
Infrastructure

RFMW Ltd. an-
nounced design 
and sales sup-
port for three 
new TriQuint 
Bulk Acoustic 
Wave (BAW) fil-
ters. These fil-

ters offer low in-band insertion loss and high 
out-of-band attenuation coupled with the im-
proved performance and power handling capa-
bility of BAW. The TQQ7303 has a usable band-
width of 75 MHz with minimum attenuation of 
45 dB at 1805 MHz. TriQuint’s TQQ7307 offers 
70 MHz bandwidth with 32 dB of attenuation 
and the TriQuint 885069 has 100 MHz of us-
able passband with 45 dB min attenuation.
RFMW Ltd., 
www.rfmw.com.

Chip Power Inductors

Richardson RFPD Inc. 
announced immediate 
availability and full de-
sign support capabili-
ties for the MDT Series 
of multilayer ferrite 
chip power inductors 
from TOKO. TOKO’s 

architecture creates robust, magnetically-
shielded, multilayer ferrite power inductors of-
fering low resistance and high current handling 
in miniature footprint, low profile sizes ranging 
from 2.5 × 2.0 × 1.0 mm to 2.5 × 2.0 × 1.2 mm. 
With high efficiency through 10 MHz switching 
frequency coupled with the small size and low 
flux leakage.
Richardson RFPD, 
www.richardsonrfpd.com.

Switched Filter Bank
RLC provides 
switched filter 
bank assemblies 
designed and 

built to customers’ exact specifications. RLC is 
able to help the design engineer minimize mass 
and overall circuit footprint while optimizing the 
transitions between circuit elements. By optimiz-
ing internal interfaces, RLC is able to provide im-
proved loss and VSWR performance in a small 
package. RLC’s designs for switched filter banks 

tures a 12 degree 3 dB beamwidth, 10 dBm out-
put power and 9 dB conversion loss. The sensor 
can readily be modified to offer different beam 
widths, dual channel (I-Q) output or FMCW 
versions.
Ducommun Inc., 
www.ducommun.com.

Directional Couplers
KRYTAR Inc. an-
nounced the continued 
expansion of its line of 
directional couplers 
with the addition of two 
new models offering 30 
dB of coupling over the 

frequency range of 4 to 12.4 GHz and 7 to 12.4 
GHz, each in a single, compact and lightweight 
package. KRYTAR’s new directional couplers 
expand the family of superior performance 
products offering 4 to 12.4 GHz coverage in 
compact packages.
KRYTAR Inc., 
www.krytar.com.

DC/DC Converter

Linear Technol-
ogy announced 
the LTC3107, 
an integrated 
DC/DC con-
verter designed 
to extend the 
life of a battery 

in low power wireless system networks. It com-
bines energy harvesting and power manage-
ment capability with a primary battery cell to 
extend the battery’s usable lifetime. The 
LTC3107 harvests energy from thermoelectric 
generators and thermopiles when these sources 
are available, storing excess power in a storage 
capacitor and seamlessly transitioning to the 
primary cell to power a wireless sensor node 
when harvested power is unavailable.
Linear Technology, 
www.linear.com.

Tunable Bandpass and  
Band Reject Filter

Pasternack Enterprises’ new tunable bandpass 
filters and band reject filters are bench top units 

designed for lab 
use. Six band-
pass configura-
tions are avail-
able with oc-
tave-band tun-
ing from 125 
MHz to 3 GHz 
and a 5% pass-

band. These bandpass filters use a tunable 
5-section design and have a mechanical direct 
dial that is accurate within 1%. Five band reject 
configurations are available with octave-band 
tuning ranges from 100 MHz to 2 GHz.
Pasternack Enterprises Inc., 
www.pasternack.com.
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Director
Advanced Radar Research Center

The University of Oklahoma seeks an exceptional, dynamic leader to serve as Director of its Advanced Radar Research 
Center (ARRC).
	 The ARRC builds upon a university, government and industry alliance that leads the world in the development, 
testing, operational deployment, and support of advanced weather radar systems.  Through a recent strategic initiative, the 
ARRC has expanded capabilities in radar and other electromagnetic technologies, with applications in surface, airborne 
and space-based defense, security and intelligence.  Principal capabilities of the ARRC include design/prototyping of both 
large and small, fixed and mobile radar systems; phased array technology; digital signal/array processing; automated algo-
rithms; decision support tools; data assimilation; and end-user training.  Multi-functional, dynamically adaptive radars are 
now being evaluated in the field and more than two-dozen radars are located across Oklahoma, including both operational 
and research systems for weather, air surveillance, and security applications.  The ARRC currently consists of 16 faculty 
members, 16 post-doctoral scientists, 7 staff members, and over 60 graduate students, across the disciplines of engineering 
and meteorology.
	 In support of our highly regarded programs in radar remote sensing and related fields, the University of Okla-
homa opened its state-of-the-art Radar Innovations Laboratory (RIL) in March 2014.  Located adjacent to the National 
Weather Center on the OU Research Campus, the RIL will be the new hub of ARRC operations. The 36,000-square-foot, 
$15 million RIL will provide world-class facilities to move ideas for next-generation radar, microwave electronics and 
related technologies from conception through research, development and full prototyping.  The facility features a full suite 
of microwave measurement equipment and two anechoic chambers enabling far-field, near-field, and radar cross-section 
measurements, down to 300 MHz.  The lab will serve both the research and educational missions of the University by 
providing a hands-on, active learning environment for OU students.  
	 The Association of University Research Parks named OU’s Research Campus the 2013 Outstanding Research 
Park http://vpr-norman.ou.edu/).  The Research Campus hosts the National Weather Center (NWC), one of the largest 
facilities of its kind in the world, housing twelve University of Oklahoma, state, and federal organizations with more than 
650 faculty, researchers, support staff, and students.  The NWC includes NOAA’s National Weather Service Forecast 
Office, Storm Prediction Center, National Severe Storms Laboratory, Radar Operations Center, OU-NOAA Cooperative 
Institute for Mesoscale Meteorological Studies, and School of Meteorology.  The School of Electrical and Computer En-
gineering is housed nearby in the new Devon Energy Hall. 
	 The ARRC Director provides intellectual leadership in a multidisciplinary environment. The Director works in 
collaboration with private industry and federal agencies and carries out a vigorous program of teaching, research, and ser-
vice that attracts exceptional students and prepares them to become future leaders in the development and application of 
advanced radar technologies.  The ARRC Director reports to the Executive Board, consisting of the Dean of the College of 
Engineering, the Dean of the College of Atmospheric and Geographic Sciences, and the Vice President for Research.  The 
successful applicant must be an internationally recognized scholar with a science or engineering doctoral degree and an 
outstanding record of professional achievement, commensurate with appointment to a tenured position at the Associate or 
Full Professor level within the School of Meteorology (College of Atmospheric and Geographic Sciences) or the School 
of Electrical and Computer Engineering (College of Engineering).  Demonstrated ability of working collaboratively with 
private industry and eligibility to obtain a security clearance are highly desired.  
	 To apply, please submit a letter of interest including a statement of research goals and teaching vision, current cur-
riculum vitae, and the names of four or more people who can serve as references (with full mailing and e-mail addresses, 
telephone, and FAX numbers).  Screening of applications will begin on 15 Sept. 2014 and will continue until the position 
has been filled.  

Please address all correspondence to the two Co-Chairs of the Search Committee:

Dean Thomas Landers
AT&T Chair

College of Engineering
University of Oklahoma

202 W. Boyd Street CEC 107
Norman, OK  73019
PH:  405-325-2621

FAX:  325-7508
E-mail:  landers@ou.edu

Dean Thomas Landers
AT&T Chair

College of Engineering
University of Oklahoma

202 W. Boyd Street CEC 107
Norman, OK  73019

PH:  405-325-2621  FAX:  325-7508
E-mail:  landers@ou.edu

The University of Oklahoma is an Affirmative Action, Equal Opportunity Employer.
Women and minorities are encouraged to apply.

Protected veterans and individuals with disabilities are encouraged to apply.

 
Dean Berrien Moore

Vice President for Weather and Climate
College of Atmospheric and Geographic Sciences

University of Oklahoma
120 David L. Boren Blvd.

Norman, OK 73072
PH: 405-325-3095  FAX: 405-325-1180

E-mail: berrien@ou.edu

Position Available
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the resulting higher temperatures do not have a 
negative effect on the cable due to the thermal sta-
bility of the PTFE tape dielectric.
Fairview Microwave Inc., 
www.fairviewmicrowave.com.

Floating SMPM Coaxial Contacts
Looking for an 
RF (DC to 26.5 
GHz) addition to 
the VPX Plat-
form? Check out 
SV Microwave’s 
latest high densi-
ty, high perfor-

mance VITA 67 product offering. SV’s floating 
SMPM coaxial contacts ensure excellent RF per-
formance in any mating condition. These parts are 
also designed for side-by-side implementation 
with VITA 46 hardware and can be cabled to 0.086 
and smaller coaxial cable types. COTS options for 
VITA 67.1 & 67.2 and custom configurations for 
VITA 67.3 are available.
SV Microwave, 
www.svmicrowave.com.

Surge Protection Products
The LP-HBX-N 
high perfor-
mance lightning 
protector series 
provides excep-
tional protection 
over the 100 to 
700 MHz fre-

quency band addressing high power (up to 750 W) 
single or multi channel applications. The DC 
blocked design provides superior surge protection 
while maintaining outstanding return loss and in-
sertion loss performance. The white bronze plated 
construction of the LP-HBX-N series eliminates 
potential galvanic corrosion issues and provides 
long life in hostile environments and the fully 
weatherized housing is sealed to IP65 standards al-
lowing for outdoor installation.
Times Microwave Systems, 
www.timesmicrowave.com. 

Sources
WhisperSyn Synthesizer

American Microwave 
Corp. (AMC) an-
nounced the first mem-
ber of the new Whis-
perSyn synthesizer 
product line, the model 

PSYN-06510-100. Whispersyn technology offers 
superior low phase noise and fast switching syn-
thesizer technology. This compact package offers 
wide bandwidth  coverage of 0.65 to 10 GHz, fast 
switching time of <100 µsec, excellent resolution 
of 0.001 Hz and super low phase noise.
American Microwave Corp., 
www.americanmic.com.

3200 MHz VCO
Crystek’s CVCO55CC-3200-3200 VCO oper-
ates at 3200 MHz with a control voltage range 
of 0.5 to 4.5 V. This VCO features a typical 
phase noise of -112 dBc/Hz of 10 KHz offset 
and has excellent linearity. Output power  
is typically +5 dBm. The model  
CVCO55CC-3200-3200 is packaged in the

industry-stan-
dard 0.5" × 0.5" 
SMD package. 
Input voltage is 8 
V, with a max. 
current con-
sumption of 30 
mA. Pulling and 
pushing are min-

imized to 3 MHz and 0.1 MHz/V, respectively. 
Second harmonic suppression is -12 dBc typical.
Crystek Corp., 
www.crystek.com.

Microlithic Doubler
The MLD-1640 is the 
first multiplier available 
using Microlithic tech-
nology. It offers an in-
put range of 8 to 20 
GHz and an output 

range of 16 to 40 GHz. The Microlithic design 
technique allowed us to increase the fundamen-
tal suppression by over 10 dB to a typical 33 dB 
suppression across the band. Designers will be 
able to significantly relax the filtering require-
ments on their high frequency LO generation 
chains. It comes in a standard 0.152" × 0.090" 
Microlithic chip or connectorized S package.
Marki Microwave Inc., 
www.markimicrowave.com.

Free Running DRO
Mesa Microwave intro-
duced a free running 
dielectric resonator os-
cillator (DRO). This 
DRO operates at a fre-

quency of 4.3 GHz, +15 dBm, -55° to +85°C. 
Frequencies up to 40 GHz are available.
Mesa Microwave Corp., 
www.mesamicrowave.com.

High Performance Synthesizer
Synergy’s low phase noise synthesizer model  
LFSW170225-1M offers wideband coverage from 
+5 V supplies. The close-in phase noise is -102 dBc 
at 1 kHz through 10 kHz offset and –123 dBc at 
100 kHz offset. It also provides buffered output 
power of +5 dBm (min), spurious suppression of 
75 dB (typ.), and harmonics of 25 dB (typ). The 
frequency is varied in 10 MHz steps. This great 
performance is packaged in a small 1.25" × 1.00" 
× 0.230" housing (RoHS compliant).
Synergy Microwave Corp., 
www.synergymwave.com.

Fixed Frequency Synthesizer
Z-Communications Inc. 
announced a fixed fre-
quency synthesizer in 
the X-Band. The SF-
S11800C-LF is a single 
frequency synthesizer 
that operates at 11.8 

GHz with a 10 MHz reference and features a typi-
cal phase noise of -90 dBc/Hz and -120 dBc/Hz at 
the 10 kHz and 100 kHz offsets, respectively. It is 
designed to deliver a typical output power of 3 
dBm with a VCO voltage supply of 5 Vdc while 
drawing 90 mA (typical) and a phase locked loop 
voltage of 3 VDC while drawing 11 mA (typical).
Z-Communications Inc., 
www.zcomm.com.

Software
CST STUDIO SUITE® 2014

Computer Simu-
lation Technolo-
gy announced 
the release of the 
2014 version of 
the electromag-
netic simulation 

tool, CST STUDIO SUITE®. The latest edition 
has been developed to improve the performance 
of the solvers and increase the capabilities for hy-
brid simulation without compromising on usabili-
ty. CST STUDIO SUITE comprises a range of 
electromagnetic simulation tools for high frequen-
cy, low frequency, charged particle and multiphys-
ics applications, which are all available within a 
single graphical user interface.
Computer Simulation Technology, 
www.cst.com.

Test Equipment
PCI Switching Solutions

Pickering Interfaces is 
expanding its range of 
PCI switching solutions 
by introducing seven 
new PCI cards and ex-
pansion of an eighth 
card. Expansion in-
cludes programmable 
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and precision resistors, general purpose relays, 
high-density matrices and multiplexers. Picker-
ing Interfaces stands behind all of its manufac-
tured products with a standard three-year war-
ranty and guaranteed long-term product sup-
port. Pricing and availability information is 
available on the company’s website.
Pickering Interfaces Ltd.,
www.pickeringtest.com.

Network Analyzer

The R&S ZNBT 
is claimed to be 
the fi rst net-
work analyzer 
with 24 inte-
grated test 
ports: The in-

strument covers the frequency range from 9 
kHz to 8.5 GHz, and the base model is equipped 
with four test ports, but can be enhanced to in-
clude 24 ports. When fi tted with its maximum 
number of test ports it is capable of determin-
ing all 576 S-parameters of a 24-port DUT. It 
requires no switching, and can also measure 
multiple DUTs in parallel.
Rohde & Schwarz,
www.rohde-schwarz.com.

Packaging
Connectivity Solutions

Skyworks Solutions unveiled several wireless net-
working products incorporating fl ip-chip packag-
ing. These newest devices leverage innovative 
and proprietary manufacturing techniques that 
allow smartphone and tablet OEMs to incorporate 
smaller, thinner solutions for 802.11ac system-in-
package modules. As high-end mobile devices de-
liver ever-increasing functionality and ubiquitous 
connectivity, reducing the front end circuit board 
footprint is critical as system providers seek high 
performance, highly fl exible solutions for next-
generation platforms.
Skyworks Solutions Inc.,
www.skyworksinc.com.

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613 384 3939  - e-mail: info@astswitch.com

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

AST’S OUTDOOR SWITCHES
For all outdoor & severe weather applications

MICROWAVE SWITCHES FOR THE TELECOM INDUSTRY

MICRO-ADS

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

HIGH-REL
Waveguide Switches
WR10 thru WR975

Since 1961

LOGUS.comLOGUS.com

Ultralight

Ground·Sea
Air ·Space

VALUE · QUALITY · FAST DELIVERY

Avtech offers over 500 standard models 
of high-speed pulse generators, drivers, 
amplifiers and accessories ideal for both 
R&D and automated factory-floor testing. 
Some of our standard models include:

FAST PULSE TEST SOLUTIONS

AVR-EB4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests
AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.
http://www.avtechpulse.com/ 
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NEW

BookEnd

W ritten by an expert in the fi eld, 
this book covers the principles, 
architectures, applications, spec-

ifi cations and characterizations of radio 
receivers. The author introduces the ba-
sic principles and theories of present-day 
communications receiver technology. The 
fi rst section of the book presents realiza-
tion concepts at the system level, taking 
into consideration the various types of us-
ers. Details of the circuitry are described 
providing the reader with an understand-
ing of fully digitized radio receivers, offer-
ing an insight into the state-of-the-art.

Key Features:
•  Introduces the basic principles and 

theories of present-day technology
•  Discusses concepts at system level 

(aligned to the various types of users)

understand the principles of work, for 
professionals developing and testing 
radio receivers, for receiver users (e.g. 
at regulatory agencies, surveillance 
centers, secret services, classical radio 
communications services), technicians, 
engineers and technicians who work 
with RF-measurement instruments, 
postgraduate students studying in the 
fi eld and university lecturers. Handlers/
operators will also fi nd this book useful. 
Due to high level of detail, it also serves 
as a reference to the subject.

•  Addresses (fully) digitized radio re-
ceivers focusing on the state-of-the-
art

•  Close contacts to the industry were 
utilized to show background infor-
mation

•  Enables the reader to comprehend 
and evaluate the characteristic fea-
tures and the performance of such 
systems

•  Examines the wide range of param-
eters that are characteristic of the 
technology including the physical ef-
fect and measuring techniques

•  Includes results of experiences 
gained in extended laboratory work 
and practical testing with examples

•  Provides a uniform and systematic 
approach for ease of understanding 
e.g. many didactic fi gures for the vi-
sual illustration have been newly cre-
ated as well as real-world examples

•  Alphabetical index with over 1,200 
entries, the appropriate explanations 
can be found quickly in the text
This book is an good resource to 
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Technology: 
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Architectures 
and 
Applications

Ralf Rudersdorfer

To order this book, contact:
Wiley 

111 River Street 
Hoboken, NJ 07030-5774
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320 pages, $149 hardcover; $119 ebook
ISBN: 978-1-118-50320-1

_6m02 FINAL.indd   126 5/28/14   8:22 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=126&exitLink=mailto%3Aartech%40ArtechHouse.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=126&exitLink=mailto%3Aartech-uk%40ArtechHouse.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=126&exitLink=http%3A%2F%2FArtechHouse.com


MWJIME0614.indd   127 5/27/14   10:29 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=127&exitLink=http%3A%2F%2Fwww.imwexpo.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=127&exitLink=mailto%3Aexpo%40vtexpo.com.cn


128 	 MICROWAVE JOURNAL  JUNE 2014

Advertiser	 Page No.

Eastern and
Central Time Zones
Chuck Boyd
Northeast Reg. Sales Mgr.
(New England, New York,  
Eastern Canada)
685 Canton Street
Norwood, MA 02062
Tel: (781) 619-1942
FAX: (781) 769-5037
cboyd@mwjournal.com

Michael Hallman
Eastern Reg. Sales Mgr.
(Mid-Atlantic, Southeast, Midwest)
4 Valley View Court
Middletown, MD 21769
Tel: (301) 371-8830
FAX: (301) 371-8832
mhallman@mwjournal.com

Pacific and
Mountain Time Zones
Brian Landy 
Western Reg. Sales Mgr. 
(CA, AZ, OR, WA, ID, NV, UT, 
NM, CO, WY, MT, ND, SD, NE & 
Western Canada)
144 Segre Place
Santa Cruz, CA 95060
Tel: (831) 426-4143
FAX: (831) 515-5444
blandy@mwjournal.com

International Sales
Richard Vaughan
International Sales Manager
16 Sussex Street
London SW1V 4RW, England
Tel: +44 207 596 8742
FAX: +44 207 596 8749 
rvaughan@horizonhouse.co.uk

Germany, Austria, 
and Switzerland
(German-speaking)
WMS.Werbe- und Media Service
Brigitte Beranek
Gerhart-Hauptmann-Street 33, 
D-72574 Bad Urach
Germany
Tel: +49 7125 407 31 18
FAX: +49 7125 407 31 08
bberanek@horizonhouse.com

Israel
Liat Heiblum
Oreet International Media
15 Kineret Street
51201 Bene-Berak, Israel
Tel: +972 3 570 6527
FAX: +972 3 570 6526
liat@oreet-marcom.com

Korea
Young-Seoh Chinn
JES Media International
2nd Floor, ANA Bldg.
257-1, Myungil-Dong
Kangdong-Gu
Seoul, 134-070 Korea
Tel: +82 2 481-3411
FAX: +82 2 481-3414
yschinn@horizonhouse.com

Japan
Katsuhiro Ishii
Ace Media Service Inc.
12-6, 4-Chome, 
Nishiiko, Adachi-Ku
Tokyo 121-0824, Japan
Tel: +81 3 5691 3335
FAX: +81 3 5691 3336
amskatsu@dream.com

China
Michael Tsui
ACT International
Tel: 86-755-25988571
Tel: 86-21-62511200
FAX: 86-10-58607751
michaelT@actintl.com.hk

Hong Kong
Mark Mak
ACT International
Tel: 852-28386298
markm@actintl.com.hk

Ed Kiessling 
Traffic Manager/Inside Sales 
685 Canton Street
Norwood, MA 02062
Tel: (781) 619-1963
FAX: (781) 769-6178
ekiessling@mwjournal.com

Sales Representatives

Advanced Switch Technology............................125

Aeroflex / Inmet, Inc.................................................9

Aeroflex / Weinschel, Inc......................................99

Agilent Technologies, Inc......................................13

Anatech Electronics, Inc.......................................80

Anokiwave, Inc.................................................. 20-21

Anritsu Company.....................................................33

APA Wireless Technologies..................................65

	Artech House...................................................50, 126

ASB, Inc....................................................................92

Avtech Electrosystems........................................125

AWR..........................................................................77

B&Z Technologies, LLC..........................................15

Boonton Electronics (a Wireless Telecom  
   Group Company)..................................................59

Ciao Wireless, Inc...................................................44

Coaxial Components Corp.....................................32

Coilcraft....................................................................71

COMSOL, Inc...........................................................27

CPI Beverly Microwave Division............................8

CST of America, Inc................................................25

	Dow-Key Microwave Corporation.......................38

Ducommun Labarge Technologies, Inc.........18, 36

	EDI CON 2015...........................................................48

ERZIA Technologies S.L.........................................66

ET Industries........................................24, 72, 88, 112

EuMW 2014....................................................109, 115

Freescale Semiconductor, Inc..............................91

Frontlynk Technologies Inc...................................68

GGB Industries, Inc..................................................3

Herotek, Inc.............................................................34

Hittite Microwave Corporation.............................81

Holzworth Instrumentation....................................50

Huber + Suhner AG.................................................93

IEEE International Symposium on 
   Electromagnetic Compatibility 2014................117

	IEEE MTT-S International Microwave  
   Symposium 2015.................................................113

IKE Micro..................................................................67

IME China 2014......................................................127

K&L Microwave, Inc.................................................7

KR Electronics, Inc...............................................125

Linear Technology Corporation............................11

Logus Microwave Corporation...........................125

MACOM....................................................................35

Maury Microwave Corporation............................76

MCV Microwave.....................................................74

MECA Electronics, Inc....................................COV 2

Mercury Systems, Inc............................................55

Microwave Journal........60, 108, 114, 116, 119, 125

Mini-Circuits....................................... 4-5, 16, 41, 51,

		  52, 61, 95,

		  111, 121, 129

Narda Microwave-East,  
   an L3 Communications Co..................................73

National Instruments........................................19, 40

Norden Millimeter Inc............................................28

NXP Semiconductors, Inc...................................101

OML Inc....................................................................63

Pasternack Enterprises, Inc..................................39

Planar Monolithics Industries, Inc.......................89

Presidio Components.............................................37

Pulsar Microwave Corporation............................54

R&K Company Limited..........................................124

Reactel, Incorporated............................................47

RF-Lambda...............................................................83

RFHIC.................................................................. 42-43

RLC Electronics, Inc...............................................23

Rogers Corporation................................................85

Rohde & Schwarz GmbH..........................29, COV 3

Rosenberger............................................................75

Sage Millimeter, Inc..........................................30, 94

Sector Microwave Industries, Inc.....................125

SenarioTek, Inc........................................................31

Skyworks Solutions, Inc........................................69

Spectrum Elektrotechnik GmbH.........................105

Stanford Research Systems.................................79

Synergy Microwave Corporation.................57, 103

The University of Oklahoma................................123

Universal Microwave  
   Components Corporation....................................90

W.L. Gore & Associates, Inc.................................87

Weinschel Associates...........................................78

Wenzel Associates, Inc.........................................82

Werlatone, Inc..................................................COV 4

West Bond Inc.........................................................46

WIN Semiconductors Corp.....................................6

Wright Technologies............................................125

AdvertisingIndex
Advertiser	 Page No.Advertiser	 Page No.

Advertisers in blue are enabled with the app

_6M02 FINAL Proof.indd   128 5/29/14   3:20 PM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Acboyd%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Amhallman%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Ablandy%40mwjournal.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Arvaughan%40horizonhouse.co.uk
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Abberanek%40horizonhouse.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Aliat%40oreet-marcom.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Ayschinn%40horizonhouse.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Aamskatsu%40dream.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3AmichaelT%40actintl.com.hk
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Amarkm%40actintl.com.hk
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=128&exitLink=mailto%3Aekiessling%40mwjournal.com


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

495 rev C.indd   1 2/24/14   1:12 PMMWJ495REVC0514.indd   129 5/27/14   10:29 AM

http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=129&exitLink=http%3A%2F%2Fminicircuits.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=129&exitLink=http%3A%2F%2Fwww.minicircuits.com
http://www.mwjournal-digital.com/mwjournal/201406/TrackLink.action?pageName=129&exitLink=mailto%3Asales%40minicircuits.com


130 	 MICROWAVE JOURNAL  June 2014

1250 Alchemist, Albert 
the Great was the first to form 
almost pure Arsenic.

1874 Lecoq de Boisbau-
dran discovers Gallium while 
studying Zinc. After searching 
for it for years, he had a hunch 
that it would be the next ele-
ment to zinc based on Dmitri 
Mendeleev’s periodic trends.

1907 British radio 
researcher and assistant to 
Guglielmo Marconi, Henry 
Joseph Round discovered 
infrared emission called elec-
troluminescence from Gallium 
Arsenide while experimenting 
with the material and a cat’s 
whisker.

1962 IBM physicist J.B. 
Gunn’s research on gallium 
arsenide (GaAs) led to the 
discovery of high frequency 
oscillation of the electrical cur-
rent flowing through certain 
semiconducting solids—now 
known as the ‘Gunn Effect’. 
This breakthrough paved the 
way for early military detectors 

MicrowaveJournal’s 

Gallium Arsenide [ ] [ ]
Gallium arsenide (GaAs) is a compound of the elements gallium and arsenic. 
It is a III/V semiconductor, and is used in the manufacture of devices such 
as microwave frequency integrated circuits, monolithic microwave integrated 
circuits, infrared light-emitting diodes, laser diodes, solar cells and optical 
windows. GaAs is often used as a substrate material for the epitaxial growth 
of other III-V semiconductors including: InGaAs and GaInNAs.

to be constructed using Gunn 
diodes.

1978  Tektronix engi-
neers begin experimenting 
with gallium arsenide as the 
base material for integrated 
circuits, seven years later 
TriQuint Semiconductor is 
formed as a subsidiary of 
Tektronix.

STEM W  rks

STEM Works recognizes  

for its support of  
science education.

 

1985 GaAs 
microprocessors 
developed by RCA 

are considered for 
the Star Wars pro-
gram of the U.S. DoD 
initiated by President 
Reagan.

1998 RFMD 
reported that 87% of 
the company’s rev-
enue for the three 
months ending June 
30th were derived from 
the sale of Gallium 
Arsenide heterojunc-
tion bipolar transis-
tors (manufactured 

by the company’s largest 
shareholder, TRW).
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