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At times like this, experience
‘and quality count.

-

Spectrum Master™ High
Performance Spectrum Analyzers

Anritsu’s Spectrum Analyzer delivers full performance, precision and accuracy across the entire

temperature range from -10° to +55° C—exactly as you'd expect in a rugged field instrument. We offer
you the performance features and specs that really count:

e Burst detect to find signals as short as 200 pys—the only spectrum analyzer
with this capability.
e Interference mapping option to precisely locate the source of field disturbance
or hostile activity—on-screen mapping makes this easy.
e Microwave bands from 9 kHz to 43 GHz—the world’s only 43 GHz handheld
spectrum analyzer.
®

A minimum Resolution Bandwidth of 1 Hz, with the best dynamic range in a
handheld instrument.

e

With nine generations of experience, from the company that pioneered the handheld
spectrum analyzer, the USA-made Anritsu Spectrum Master™ family is still your best

choice. Find out more and download our complimentary application note, Detecting
Signals Hidden in Plain Sight.

Ancitsy \g
Z Detecting Signais f
| Hidden _ %f
| in Plain Sight

i

Download it now at www.anritsu.com/en-us/analyzers
Call 1-800-ANRITSU to place an order or schedule a demo, or
visit www.anritsu.com.

Sales Offices: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1552-433433,
Japan 81 (45) 223-1111, Asia-Pacific (852) 2301-4980, South America 55 (21) 2527-8922,

/INrit
www.anritsu.com, ©2012 Anritsu Company n I SL!”i
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LIMITERS, DIODE DETECTORS & THRESHOLD DETECTORS

Offering a full line of RF & Microwave Limiter and Detector Products to 40GHz

Amplifiers imiters & Limiter Detectors

® DCto 40 GHz in Narrow, Wide & Octave Bands
e QFN/Surface Mount, Connectorized and Coaxial models

Attenuators - Variable

DLVA & ERDLVA & @ High Power Limiters, 400 Watt Peak & 50 Watt CW
SDLVA’s ¢ Hermetic Sealing and MIL-STD-883 Screening Available
¢ Example:
DTO’s ® LM-26G40G-14-20W-292FF
Frequency Range: 26.5 -40.0GHz, 4.0dB Insertion Loss, 2.0:1 VSWR, 20 Watts
Filters Peak RF Input, 40% Duty Cycle, +14dBm Leakage, 250nS Recovery Time.

Size: 0.5” x 0.5” x 0.22"
Form, Fit & Function

Broducts High Speed, Diode Detectors

® DCto 40 GHz in Narrow, Wide & Octave Bands

¢ QFN/Surface Mount, Connectorized and Coaxial models
® Tunnel Diode and Zero Bias Schottky Diode Detectors
IFM’s & Frequency e Positive or Negative Output Available

Hybrids, Dividers &
Couplers

Discriminators © Filter Detectors, Directional Detectors & Detector Amplifiers Available
¢ Hermetic Sealing and MIL-STD-883 Screening Available
Integrated MIC/MMIC ‘
Modules > e
¢ DD-50-218-10PF-1-N
I/Q Vector Modulators Frequency Range: 2,0-18.0 GHz, 3.5:1 VSWR, Frequency Flatness +1.5dB Typical,

Speed: 5nS, +17dBm Max RF Input, Voltage Sensitivity 700mV/mW Typical.
Size: 0.5” x 0.5% x 0.22"

High Speed, Threshold Detectors

¢ DCto 40 GHz in Narrow, Wide & Octave Bands

Pulse & Bi-Phase ® High Dynamic Ranges, -75dBm to +10dBm Available
Modulators ¢ Surface Mount, Connectorized & USB Models Available

¢ Fixed, Adjustable and Digitally Controlled Threshold Levels
® TTL and ECL Detected Output Available

Limiters & Detectors

Log Amplifiers

Phase Shifters

Rack & Chassis Mount ® Hermetic Sealing and MIL-STD-883 Screening Available
Products * Example:
4 TD-30T-SHS. : D/
Receiver Front Ends Frequency Range: 2.0-18.0 GHz, Propagation Delay From 50% Monitor Logic Output
on Leading Edge for an Input of -45 dBm: 15nS Typ., Propagation Delay From 50%
Single Sideband RF Input to 50% Logic Output When Input -45 dBm: 30nS Typ., Minimum Signal

Level: -45dBm, 8 Bit Digital Control on Threshold Level,
Size: 2.50” x 2.00" x 0.50"

Modulators ‘mi&wéréséw”“"”"“ém?,
o LR .
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SMT & QFN Products
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Solid-State Switches H
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b e Behs PLANAR MONOLITHICS INDUSTRIES, INC.
Threshold Detectors 7311-F Grove Road, Frederick, Maryland 21704 USA

Tel: 301-662-5019 | Fax: 301-662-1731
USB Products Email: sales@pmi-rf.com | www.pmi-rf.com

1S09001:2008 Certified
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A National
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EM speec
that wil
turbocharge
your design
creativity.

Stop Waiting and start designing™

Stop waiting and wishing for an
EM tool that keeps pace with

your own creative ideas. AXIEM

is capable of solving big problems
fast — typically 10x faster than
current alternatives for designs of
10K unknowns or more. And now
that it handles antennas, too, your
creativity will know no bounds. For
the most accurate EM results in
minutes rather than hours, go with
AXIEM. Grab a test copy today at
awrcorp.com/AXIEM.




NovemBEer| 2012 MICI'OW&VQS RF

Volume 51, Issue 11 CONTENTS

13| From The Editor
Computer-aided engineering (CAE) has been a part of this
industry for a long time, but has it also become a creativity-

inhibiting crutch?

32| Inside Track

An interview with Matt Apanius, Director, the
Richard Desich SMART Commercialization Center
for Microsystems.

37| Software Integration Speeds Design Process
Suppliers of CAE tools are working toward improved integration
of their simulation and analysis tools, allowing design engineers
increased functionality from a single operating environment.

42| RF ESSENTIALS

Measuring Power On RF/Microwave Signals

Accurate power measurements on RF/microwave signals require
a thorough knowledge of the time-varying nature of the signals
under test.

46| INDUSTRY INSIGHT

Energy Harvesting Is Ready For The Big Time

shsl T pann As wireless-sensing components boost efficiency and other
2y performance criteria, energy-harvesting solutions are moving

beyond a niche and into everyday applications.

50| Phased Array Antenna Receives 4G Networks

Based on microstrip circuitry, commercial microwave components,
and an advanced steering algorithm, this phased array helps
connect 4G backhaul equipment.

62| Spiral Antenna Cuts Low Profile To 9.4 GHz
This novel, miniature Archimedean spiral antenna achieves a
low input impedance through the use of a tightly controlled
exponentially tapered spiral line for implementing the
impedance conversion.

’81'"3"5‘39”9" ICs Energlze 72| CMOS LNA Serves Flat Gain To 5 GHz
Wideband Infrastructure Fabricated in a commercial semiconductor process, this low-noise
amplifier uses current-reuse techniques to achieve high gain from

3 to 5 GHz for UWB applications.

These dualchannel downconverter
and direct-quadrature-modulator
devices both feature flexible integrated
frequency-synthesizer and oscillator

circuitry and broad bandwidths. 82| PRODUCT TRENDS
Software Simplifies RF/Microwave Testing

Software and computer programming are playing larger roles in

W RF/microwave measurements, with electronic devices and systems

e = moving to more complex signal and modulation formats.

PRODUCT TECHN

9 Web Table 28 Company News 88| New Products
Of Contents 34 R&D Roundup We run down the best of the best RF product offerings.
19 Feedback 76 Application Notes
20 News 85 Advertiser’s Index
24 People

Design Engineering & Sourcing Group

Microwaves&RF | visit www.mwrf.com 5



Rosenberger SM+<" Cables

THE PLUS MEANS
36GHz PERFORMANCE
AT A FRACTION OF THE .

e e o i e = i o _5_
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Mated with SMA Mated with 3.5mm Mated with 2.92mm
Features and Benefits
¢ High-performance, high-frequency | ® Standard SMA interface — e Temperature range: -55°C
test cables built for day-to-day intermatable with SMA, to +125°C
applications 3.5mm and 2.92mm (K*)
connectors e Minimum return loss:
e Available in Rosenberger -18dB when mated with SMA,
RTK-Flex 405 (flexible) cable * Gold-plated center contacts, 3.5mm or 2.92mm (K*)
or RTK-FS-085 (conformable) passivated stainless steel connectors
cable. Or, special order in 085 coupling nuts and a proprietary L
semi-rigid cable built to your dielectric il kel
specifications ; !
; ® Unique over-molded strain
* Excellent performance over relief is exceptionally rugged
a broad frequency range and durable
(see charts above)

SMA+ Female
Connector

202/95/EC

©2011, Rosenberger NA

Rosenberger

Part # OAL IL (dB) Ret Ls (dB) To purchase cables please contact:
RoHS Compliant in FT. RFMW, LTD. 90 Great Oaks Blvd.
Ste. 107, San Jose, CA 95119

1]
SMA+m-SMA+m  L71-404-305 1
1

0 14 25 .
Ph: 877-367-7369 (North Americal
e e e b - Ph: 408-414-1450 (all other areas)
L71-404-915 30 35 o5 Fax: 408-414-1461  sales@rfmw.com ® www.rfmw.com
L71-404-1220 4.0 45 o5 Offices located thoughout North America, UK and Israel.
L71-404-1830 6.0 56 o5 Se habla Espanol: 954-476-8630




Introducing the World's

First Vector Signal Transceiver
VSA + VSG + User-Programmable FPGA = RF Redefined

NI PXie-1071
e ® 0o & & O

NATIONAL
INSTRUMENTS

i PXle-8135
Emboding

Combining a vector signal analyzer and a vector signal generator with a / : WIRELESS TECHNOLOGIES

user-programmable FPGA for real-time signal processing and control, this ;
S e - National Instruments supports a broad

vector signal transceiver is a fraction of the size and cost of a traditional . range of wireless standards including:
solution. More importantly, the NI PXle-5644R is the first software-designed

: . : B ~ 80211a/b/g/n/ac LTE
instrument. With NI LabVIEW system design software, you can modify its CDMA2000/EV-DO GSM/EDGE
software and firmware to create an instrument that meets your exact needs. WCDMA/HSPA/HSPA+  Bluetooth

>> Learn more at ni.com/vst

800 813 5078

‘7 NATIONAL
’ INSTRUMENTS
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"ON THE WEB

Optimize Signal/Spectrum Analyzer
Throughput For High-Volume

Manufacturing Test

TO OBTAIN THE HIGHEST THROUGHPUT for the analyzers used in
manufacturing test, one should create a test plan that accounts for
speed, repeatability, and dynamic range. In this web-exclusive article,
Agilent Technologies’ Bob Nelson provides you with the blueprint.

To read the article in its entirety, go to http://mwrf.com/contributors/optimize-signalspectrum-
BOB NELSON analyzer-throughput-high-volume-manufacturing-test.

ALSO, BE SURE A REVISIT IMS2012

CHECK OUT THESE pieE
OTHER RECENT The 2012 installment of the RF/micro- § gg%
Agg%ﬁ;'ﬂ'@g" wave industry’s flagship event, the International 1)
TECHNICAL EXPERT Microwave Symposium, has come and gone. Luck-
SERIES. ily for you, it needn't live on just in memory. Visit
Visit www.mwrf.com/ www.mwrf.com to check out our show coverage,

community/contributors. > : ;

as well as www.engineering tv.com to view exclu-

sive videos from the show floor.
./ "BV

engineering

i

&

NEWS UPDATES Sent To Your Desktop

Don’t believe everything you read, unless it’s in the
latest issue of Microwaves & RF UPDATE. The industry’s
longest-running weekly e-mail newsletter, it combines in-
sightful commmentary with the latest product and industry
business news. It is sent directly to your computer desktop
each week, and often contains the little things that en-
gineers love, such as links fo free white papers and even
design software. If you're not already reading it, subscriptions are free, and available
from the Microwaves & RF website at www.mwrf.com.

KANG CHEN DAVID A. HALL

MEET THE CHALLENGES
OF TESTING EIGHT-
ANTENNA LTE

KANG CHEN—
Senior Applications
Specialist,
Spirent Communications

| anatyzing finear circu

FIND OUT WHY PXI
IS BEING USED FOR RF
INSTRUMENTS

MWRF.com has archives of print and online articles dating back Portable Analyzers
S e 18 to October 2002. Visit mwrf.com foday and click the "Back lssues”  |Bring Lab
Sonior Bradect Maikbting o October . Visit mwrf.com today and click the "Back Issues Precision

link. And while you're taking a look around the site, click on “Product E&é

Manager,
RF and Communications, Directory” to gain access fo our complete directory of products and

National Instruments suppliers.

Microwaves&RF | visit www.mwrf.com 9



TIP 1 For an inductor with the
absolute maximum Q, pick one
of these air core “Springs”. They
have flat tops for easy mounting
and exceptional current ratings.

TIP 2 If you prefer conventional
chip inductors, you’ll get the
highest Q with our new ceramic

body 0402HP and 0603HP families. These
tiny wirewound coils handle up to 2 times
more current than the nearest competitor.

o e Yoo Sampies P Aoty Sas | Supped

Highest Q Finder
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This n‘ew web tool finds indubtors W/fh
the highest Q at your operating frequency

TIP 3 Need to find coils with the
best Q at your L and frequency?
Our Highest Q Finder web tool
tells you in just seconds. Click
again to plot the L, Q, Z and ESR
of up to 4 parts simultaneously.

TIP 4 When it’s time to build
your prototypes, be sure to ask

us for evaluation samples. They’re always free
and we can get them to you overnight.
To get started, visit www.coilcraft.com/Q

‘Here are some high Q tips

132SM
Series

0-538 nH

A'W.COILCRAFT.C

06/09065Q
- & Series

&/ wilra :

® @ No minordel



Low Frequency

AMPLIFIERS

Features:

+ 0.001-3000 MHz
- Broadband Coverage for Compliance Testing
- Operating Temperature: -30 to +75°C

Frequency Gain (dB) Flatness Noise Figure P1dB DC @+15V

Model Number (MHz) Min. Typ. (xdB)Typ. Low Mid Hi Low Mid Hi VSWR (mA)
AM-1300 0.001-1000 27 30 0.75 12 1447 a il T 2.01 55
AM-1431 0.001-1000 38 42 1.00 214 17 10109 2.01 75
AM-1309 0.001-1000 50 54 1.00 1.2 14 1.7 0 19 9 2001 90
AM-1616-3000 0.01-3000 2021 2.00 32 35 43 14t 7 2.0:1 60
AM-1607-3000 0.01-3000 40 - 42 2.00 3.0 35 46 1302 7 2.01 100
This is only a small sample of low frequency amplifier models MITEQ offers. Please visit www.miteq.com for a complete listing!

. MITEQ Inc.’s AM/AU product line offers a large range of Multi-Octave Low Noise and Medium Power
Amplifiers. Product offerings span from 1 KHz to 3 GHz with power levels up to +25 dBm. They are
ideal for low frequency compliance testing and are available with a variety of user selectable options.

0-1000 MHz AMPLIFIERS 03000 MHz AMPLIFIERS
NOISE FIGURE vs FREQUENCY NOISE FIGURE vs FREQUENCY
17 8
18 55
= 15 ,/ & 5
S . -~ o 48
w
xT
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g e g -
12 S g ss s
g 1 = I I e e
AM-1300 ——— ] W pas
1 SE e ] z 28 AM-1616-3000 ~—rr
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MITEQ can customize our standard designs to meet your specific requirements. For further information,
please contact our Sales Department at (631) 439-9220 or e-mail components@miteg.com

100 Davids Drive, Hauppauge, NY 11788

1 @M IT=E6G) TEL.: (631) 436-7400
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+20 dBm Power Amplifiers wit

a choice of gain

GVA AMNPLIFIE

w
'\ifels-'
The GVA-62+ and -63+ add ultra-flat gain to our GVA lineup,
as low as 0.7 dB across the entire 100 MHz-6 GHz band!
All of our GVA models are extremely broadband, with a wide
dynamic range and the right gain to fit your application.
Based on high-performance InGaP HBT technology, these
patented amplifiers cover DC* to 7 GHz, with a gain
selection of 10, 15, 20 or 24 dB (at 1 GHz). They all provide
better than +20 dBm typical output power, with typical IP3

*Low frequency cut-off determined by coupling cap,

US patent 6,943,629
except for GVA-62+ and GVA-63+ low cutoff at 10 MHz.

D C tO 7 GHZ from 94¢ea (qty.1000)

performance as high as +41 dBm at 1 GHz. Supplied in
RoHS-compliant, SOT-89 housings, low-cost GVA amplifiers
feature excellent input/output return loss and high reverse
isolation. With built-in ESD protection, GVA amplifiers are
unconditionally stable and designed for a single 5V supply.
Just go to minicircuits.com for technical specifications,
performance data, export info, pricing, and everything you
need to choose your GVA today!

Mini-Circuits...we’re redefining what VALUE is all about!

1 Mini-Circuits’

1S0O 9001

¢ ..112 The Design Engineers Sea
773%2560?37'%'15442

1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
rch Engine finds the model you need, Instantly - For detailed prformanc

IF/RF MICROWAVE COMPONEN

& shopping online see mlnicig'rg;ggm—

458 rev J



Lean Less On That Computer

OMPUTER-AIDED ENGINEERING (CAE) has been a part of this industry in

some shape or form since the 1960s, growing from a curiosity into a crutch.

Naturally, as computers have gotten better, the software that goes with them
has also improved, and many RF/microwave-related CAE software tools represent the
cumulative knowledge of many years of design experience from some of the top minds
in this industry. There is an easy tendency to load the software and let it do all the
design work, trusting completely in the results.

More often than not, this can save a great deal of trial-and-error effort as part of the
design procedure, and yield typically excellent results. But it may not bring about that
moment of insight or inspiration that many engineers have experienced as part of their
on-the-job learning process—that moment when everythinglooked so clear that even a
child could do it. Sometimes, attaining that special moment is worth suffering through
the trials and tribulations of designing, prototyping, and testing.

Of course, in an issue devoted to design and simulation software, it may seem odd
to criticize such software here, and that is not the intention. The strides that computers
and engineering software programs have made over these past 30 years have been mar-
velous to behold. In particular, compute-intensive software, such as electromagnetic
(EM) simulation tools working with Maxwell’s equations, has benefitted from expanded
memory and computing power over the years, whether these programs are working on
planar or three-dimensional (3D) circuit problems.

Those working in this industry long enough will remember some of the early soft-
ware tools as being little more than calculators. The development of SPICE software at
the University of California at Berkeley in the 1970s and '80s—along with the creation of
commercial RF/microwave design tools by Les Besser (see Microwaves & RF, November
2011, p. 52) and others during that timeframe—set the stage for what would become a
healthy market for linear and nonlinear circuit and EM simulation tools, leveraging each
new improvement in computer microprocessor capability with new sets of functions
and easier-to-use graphical user interfaces (GUIS).

Modern software design and simulation tools truly are the accumulated knowledge
of many design engineers who came before—not just their wisdom and insights into
designing couplers, filters, amplifiers, and other circuits, but files with models that have
proven successful and test results from actual circuits to fortify the software. So why
not count on these software design tools completely? Because this industry has been
built by folks willing to take chances, by design engineers who didn’t always follow what
came before, but chased their own creative thought processes to develop out-of-the-
ordinary solutions to a design problem. A proven efficiency enhancer, CAE software is a
tremendous benefit to this industry. But it never hurts to walk away from the computer
and try thinking “out of the box” now and then, just to see what wild ideas come. MWRF

Nack Crowne

Technical Contributor

Microwaves&RF | visit www.mwrf.com

MEDIUM POWER
LOW FREQUENCY BROAD BAND

LIMITERS
10-6000 MHz

MAX LEAKAGE
FREQ, | MAXIMUM
MODEL RANGE | INSERTION | @1WCW @10WCW

INPUT  INPUT
(Mo | LOSS(GB) | e g

1500120 P10A k
LS00130P10A | 10-3000 060 +14 +8
LS00140P10A | 10- 4000 0.70
1500160 P10A

| LS00210 P10A
| LS00220 P10A
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SPLITTERS/
OMBINERS

from2 I(HZ 018 GHz .../9 -

The Industry’s Largest Selection includes THOUSANDS
of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in coaxial,
flat-pack, surface-mount, and rack-mount housings for 50 and 75 Q 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, Yoni2, searches actual test data to find the models that meet your needs.
All Mini-Circuits catalog models are in stock,
continuously replenished, and backed by our 1-year guarantee. We even list
current stock quantities and real-time availability, as well as pricing, to
help our customers plan ahead and make quick decisions.

So why wait? Take a look at minicircuits.com today!
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ANSYS HFSS, the industry standard for 3D full wave electromagnetic field
simulation, is now accessible through an easy to use ECAD based user in-
 terface. This new and fully integrated capability will allow users to select,

critical structures, nets, transitions in the layout tool and easily create
models to be solved by HFSS. The solution setup is highly automated, easy
_to use, and provides the high fidelity results that are expected with HFSS.
~ You can now extract highly accurate and robust S-parameters model with-
~ out ever leaving your layout environment. This same capability is also

~ available from within the Cadence design tools. Ask about how HFSS for , AN SYS
~ ECAD can enhance your SI design flow. . |

ur Product Promise™

For more information, visit www.ansys.com/HFSS Or call us at 866 267 9724
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PICKING PRODUCTS
I have read your “Product Fea-
tures” over the years with great
interest, and have often won-
dered what strategy is used
in selecting the products for
review. They do not appear to
always come from advertisers
appearing in your magazine, as
one might expect. In fact, many
are for products and compa-
nies that one probably would
never see in an advertisement
in this or other trade maga-
zines, or hear about outside
of a trade show. How do you
come to pick the products for
review? And how come there is
never a summary of the type of
equipment contained in your
magazine test laboratory for
these reviews?

AN INTERESTED OBSERVER

EDITOR’S NOTE

Asyou have observed, there
is little or no link between
the products selected for
extended reviews in each
issue and the companies
choosing to advertise in each
issue. Of course, advertisers
are welcome to submit new
products for these extended
reviews. But even when non-
advertising companies sub-
mit new products for a Prod-
uct Feature, each product is
considered based on its own
merits, its pure performance,
its price/performance ratio,
and the segment of the indus-
try that it serves. For example,
a breakthrough product that
may only benefit five people in
the industry is less likely to be
the topic of a Product Feature

than a product that can be

used potentially by thousands.

Companies in this indus-
try tend to alert our editors of
new product developments
and expected introduc-
tions. Many products are not
“groundbreaking,” but may
simply be additions or exten-
sions to an existing product
line. However, when some-
thing comes along that does
break a barrier (such as price,
performance, size, etc.), the
enthusiasm of the inventor
is obvious and honest. This
magazine has established

Feedobaock

alongrecord of trying to
present new product devel-
opments as honestly and
straightforwardly as possible.
As for the test laboratory, the
costs of maintaining such a
lab are prohibitive. From time
to time, test-equipment man-
ufacturers have been kind
enough to provide “loaners”
for testing other products (or
with the loaner itself being the
subject of a review), but the
magazine currently is without
an active test laboratory.
JACK BROWNE
TECHNICAL CONTRIBUTOR

Nancy Friedrich
Editor-In-Chief
nancy.friedrich@penton.com

Microwaves & RF welcomes mail from its readers.
The magazine reserves the right to edit letters
appearing in “Feedback.” Address letters to:

Jack.Browne
Technical Contributor
jack.browne@penton.com
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- Three-Pronged Missile-Defense
Test Engages ultlpl ‘

THAAD:Q!; ceptor is launched from Meck
Island on its way to intercept a ballistic-missile

target durmg MDA'

flight test last month.

eed Martin)

MUCH PROGRESS HAS
BEEN MADE IN MISSILE-
DEFENSE TECHNOLOGIES
IN RECENT YEARS. Ideally,
these various systems will
work together seamlessly to
protect the US and its allies. To
demonstrate such interopera-
bility, Lockheed Martin (www.
lockheedmartin.com) recently
performed a test involving its
Aegis Ballistic Missile Defense
System, Patriot Advanced Ca-
pability-3 (PAC-3) Missile, and
Terminal High-Altitude Area
Defense (THAAD) weapon
system. This marked the first
such test and successful en-
gagement of all three systems.
Working together, the
systems detected, tracked,
engaged, and negated two
ballistic-missile targets and
one cruise-missile-like target.
Known as Flight Test Integrat-
ed-01 (FTI-01), these different
sensors and weapons systems
were integrated through the
Command and Control, Battle
Management, and Communi-

20

cations (C2BMC) system de-
veloped by Lockheed Martin.
This live-fire flight test was
conducted by the Missile
Defense Agency (MDA) at
the Ronald Reagan Ballistic
Missile Defense Test Site
(RTS), located on the Kwaja-
lein Atoll in the South Pacific
(see photo). The test began
with an Extended Long Range

e t ﬂm‘.- By Fermaenin

the Medium-Range Ballistic
Missile. The THAAD system
was operated by soldiers from
the 32nd Army Air and Missile
Defense Command (AAMDC).
Another short-range ballis-
tic missile was launched from
amobile launch platform lo-
cated in the ocean area north-
east of Kwajalein Atoll. The
PATRIOT system, which was

The systems detected, tracked, engaged,
and negated two ballistic-missile targets
and one cruise-missile-like target.

Air Launch Target (E-LRALT)
missile, which was airdropped
over the ocean area north of
Wake Island from a US Air
Force C-17 aircraft (staged
from Joint Base Pearl Harbor-
Hickam, HI). The AN/TPY-2
X-band radar, which is located
with the THAAD system on
Meck Island, tracked the E-
LRALT. A THAAD interceptor
then successfully intercepted

manned by soldiers of the 94th
AAMDC, detected, tracked,
and intercepted the target
with a PAC-3 interceptor. A
second PAC-3 interceptor also
intercepted a low-flying cruise
missile target over water.

For its part, the USS
FITZGERALD (DDG 62) suc-
cessfully engaged a low-flying
cruise missile over water. The
Aegis system also tracked

and launched an SM-3 Block
1A interceptor against a
Short-Range Ballistic Missile
(SRBM). Despite indication of
anominal flight of the SM-3
Block 1A interceptor, however,
there was no indication of an
SRBM intercept.

The FTI-01 exercise was a
combined developmental and
operational test involving sol-
diers, sailors, and airmen from
the multiple combatant com-
mands that operated the sys-
tems. The test provided them
with a unique opportunity to
refine operating procedures.
As part of the Kwajalein Range
Service (KRS) joint venture,
Lockheed Martin employees
directed and controlled the
radar, telemetry, and optics
systems for this test at the
newly established RTS Opera-
tions Center in Huntsville, AL.
Program officials continue to
evaluate system performance
based upon telemetry and
other data obtained during
the test.
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News

Control Lights From Afar

NE OF THE ADVANTAGES of smart homes is that aspects like heat or air conditioning can be controlled remotely.
While this suggests images of someone controlling their utilities from afar, lighting is increasingly being adjusted
remotely from both inside and outside the house. Using a smartphone, for example, a user can turn off their hall-
way and bathroom lights from bed. The rise in such usages will lead to the emergence of

RF-embedded light bulbs in 2013, predicts IMS Research (www.imsresearch.com).

According to the organization’s recently published report, “Connectiv-
ity Opportunities in Lighting Controls - 2012 Edition,” shipments of RF-
embedded light bulbs and their associated remote controllers will top

600,000 in 2013. That number is predicted to rise to 11.7 million in 2017.
Several large manufacturers are planning to release new wireless-light-
ing products using a range of technologies.

Currently, most RF-embedded lightbulb systems, such as Insteon’s
(www.insteon.net), use a proprietary technology or a proprietary IEEE
802.15.4 software stack. Greenwave Reality (www.greenwavereality.

com) is currently showcasing NXP’s (www.nxp.com) JenNet-IP proto-
col. According to NXP, that protocol is being made an open one.
Meanwhile, the ZigBee Alliance (www.zigbee.org) recently launched a
lighting-specific profile. Called “ZigBee Light Link,” it is designed specifically
to control both the color and light level of light-emitting-diode (LED) light bulbs.
Several tier-1 lighting manufacturers, such as Osram and Philips, have
already had devices certified us-
ing this protocol. IMS Research
predicts that ZigBee will emerge
as the main wireless technology
for these systems.

Most systems are expected to
offer remote access via an ap-
plication or cloud-based service.
While this feature is available on
current residential lighting-con-
trol systems, the cost can be too
high for many. The RF-embedded
light bulbs will be sold at a more
consumer-friendly price, leading
to higher residential adoption.

KU-Band Satellite Will Cover Asia

ANY INDUSTRIES are eying opportunities in
Mlndonesia and Northeast and Southeast Asia,
thanks to the rapid economic growth of those
areas. For example, satellite operator SES SA (www.
ses.com) has contracted Boeing (www.boeing.com) for
a new satellite to expand direct-to-home broadcasting
and other communications services to those markets
(see photo). This satellite also will provide maritime
communications for vessels in the Indian Ocean.
Dubbed SES-9, this Ku-band 702 high-power (HP)
satellite will be built in Boeing's El Segundo, CA Sat-
ellite Development Center. It is designed to operate
for 15 years in geosynchronous orbit with a 12.7-kW
payload and 57 high-power Ku-band transponders
(equivalent to 81 36-MHz transponders). Boeing intro-

Microwaves&RF | visit www.mwrf.com

duced the 702 satellite design more than 15 years ago
and has evolved the design since then. This satellite’s
xenon-ion propulsion and chemical bi-propellant sys-
tems are uniquely designed to reduce launch weight
while allowing for maximum payload capacity.
The spacecraft, which will be co-located with
SES’ existing SES-7 and NSS-11 satellites, will be po-
sitioned at 108.2 deg. east longi-
The Ku-band tude. It will provide incremental
702 high-power  additional as well as replacement
satellite will communications capacity. This is
provide broad-  the 11th spacecraft that SES SA
casting services  has ordered from Boeing and
to thriving Asian the contract includes an option
markets. for another.
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News

DARPA GaN Contracts Go Head To Head

O REACH ITS CURRENT STATE of
success and industry acclaim, galli-
um-nitride (GaN) technology had to
overcome a number of performance chal-
lenges. Now, the technology may reach
further heights. Some GaN research and
development efforts are currently under-

way with backing from the Defense Ad-
vanced Research Projects Agency (DAR-
PA). TriQuint Semiconductor, Inc. (www.
triquint.com) has received a $2.7-million
contract from DARPA to triple the power-
handling performance of GaN devices and
circuits (see figure). In a similar move,
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Mobile Comm’s on the_meve tésting
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Shown is a GaN wafer from TriQuint.

The firm recently won a DARPA contract
to minimize device and amplifier sizes by
reducing thermal hot spots in GaN circuits
at the near junction of the IC.

DARPA has given RFMD (www.rfmd.
com) a $2.1-million contract to enhance
the thermal efficiency of GaN circuits.

Both ofthese contracts are in association
with the Near Junction Thermal Transport
(NJTT) effort of DARPA’s Thermal Man-
agement Technologies (TMT) program.
The NJTT initiative focuses on thermal re-
sistance at the “near junction” of the tran-
sistor die as well as the device substrate
material. These areas can be responsible
for more than 50% of operational temper-
ature increases. NJTT is expected to lay the
groundwork for monolithic-microwave-
integrated-circuit (MMIC) performance
enhancements like reduced size, weight,
and power consumption while increasing
reliability and output power.

For TriQuint, this effort will build on
both the firm’s GaN-on-silicon-carbide
(SiC) technology and RF integrated cir-
cuits (RF ICs). By combining its GaN-on-
SiC process technology with diamond
substrates and new thermal-handling
processes, TriQuint seeks to significantly
reduce heat build-up. In doing so, it hopes
to enable GaN devices that can generate
more power. Among TriQuint’s partners
in this program are the University of Bris-
tol (known for thermal testing, modeling,
and micro Raman thermography) and di-
amond-substrate specialist Group4 Labs.
In addition, Lockheed Martin will evaluate
the results of the program for its projected
impact on future defense systems.

For its part, REMD hopes to improve
both power density and power-handling
capability by combining thermally en-
hanced diamond substrates with its GaN-
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News

on-SiC technology. REMD’s partners in
the program include the Georgia Institute
of Technology (known for thermal testing,
modeling, and micro Raman thermog-
raphy), Stanford University (a leader in
thermal measurement of the interface lay-
ers within a transistor die), Group4 Labs,
and Boeing. Boeing plans to evaluate the

resulting technology to assess its projected
impact on future defense systems.
According to DARPA, varied NJTIT ap-
proaches may be implemented to re-
duce the near-junction thermal barrier.
These include the use of high-thermal-
conductivity diamond substrates, which
will replace lower-conductivity materi-

QuickSyn®
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als like SiC, Si, and sapphire. In addition,
low-conductivity epitaxial and transition
layers at the interface of the GalN active
layers and the substrate can be removed
by etching or other techniques. DARPA
also points to the introduction of liquid
cooling in the near-junction region as
well as the use of metrology and model-
ing—both to address the challenges of
measurement verification at this scale
and quantify the thermal and electrical
performance of the GaN devices.

MICROSEMI CORP.—AMR EL-Asimawi  has
joined the company as World-
wide Vice President of Strate-
gic Marketing, a newly creat-
ed role. El-Ashmawi comes to
Microsemi from Altera, where

ASHMAWI

he held several senior leader-
ship roles within the defense, security, and
high-performance computing areas.

EXALT COMMUNICATIONS—Grec Gum has
been named Senior Vice President of Mar-
keting and Business Development. Prior
to joining Exalt, Gum served as Senior Vice
President, Chief Marketing and Business De-
velopment Officer at Telco Systems.
CTIA-THE WIRELESS ASSOCIATION—Maurice
B. Tost has been re-elected to the nonprofit
organization’s board of directors. Tose is
Chief Executive Officer,
Chairman of the Board for TeleCommunica-
tion Systems, Inc. (TCS).

LOCKHEED MARTIN—Rick Epbwarps and DaLe

Bennerr have been named

President, and

Executive Vice Presidents of
the company’s new business
areas. Edwards will head up

b

EDWARDS

the Missiles and Fire Control
(MFC) business while Bennett
will lead the Mission Systems

and Training (MST) business.
As three-decade veterans of
Lockheed Martin, both execu-
tives have served in roles of

BENNET

increasing responsibility.
REMD —Has appointed ALan Halserg Cor-
porate Vice President and Chief Marketing
Officer. Hallberg most recently served as
Vice President, Global Brand Communica-
tions at Lenovo, following earlier stints at
Cisco and Apple.
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HOLOGRAPHIC
RADAR Cuts
Wind-Farm Clutter

O MEET THE RISING DEMAND

FOR GREEN ENERGY, wind

farms should be growing and ex-
panding. Unfortunately, such growth
has been limited because of the in-
terference that wind turbines have
on local air-traffic-control (ATC) ra-
dars. Although many proposals have
sought to mitigate this interference,
no reliable, zero-degradation solution
currently exists. In hopes of provid-

ing a better answer, Saab Sensis Corp.
(www.saabsensis.com) and Aveillant
(www.aveillant.com), a Cambridge
Consultants spinout,
strating an end-to-end, wind-farm
radar-clutter-removal solution. This
solution can be integrated with op-
erational ATC systems.

The goal of this program is to show
that seamless, clutter-free ATC sur-
veillance data from non-cooperating
targets can be produced using Aveil-
lant’'s 3D Holographic Radar and
existing Primary Surveillance Radar
(PSR). Aveillant’s Holographic Radar
clearly distinguishes between mov-
ing objects with differing behaviors
and 3D trajectories. Unlike the cur-
rent generation of ATC radars, which
scan a narrow beam using the famil-
iar rotating antenna, the Holographic
Radar looks in all directions at once.
In addition, the solution continuously
measures the dynamic characteristics
of each target. As a result, it sees both
wind turbines and aircraft and can tell
the difference between the two.

are demon-

DEVELOP SOFTWARE For Radios In Space

pportunities to perform

research and technology

demonstrations on the In-
ternational Space Station are now
being offered to academia, indus-
try, and government agencies.
Using the newly installed Space
Communications and Navigation
(SCaN) testbed, researchers can
develop software according to the
Space Telecommunications Ra-

Shown is the SCaN testbed installed
on the International Space Station.

dio Standard (STRS) architecture (Courtesy of NASA)

for radios—and, in the process,

reconfigure how radios communicate in space.

The SCaN Testbed is a communications, navigation, and networking dem-
onstration platform based on the STRS (see figure). The experimental platform
will operate for at least three years. Participating developers will provide soft-
ware components to the STRS repository while enabling future hardware plat-
forms to use common, reusable software modules.

Those experimenters will gain the opportunity to create the latest communi-
cations, navigation, and networking technologies both in laboratory and space
environments. These new concepts will be explored for future missions. The
SCaN Testbed Cooperative Agreement Notice is available online at www.nasa.
gov. NASA expects initial demonstrations to take place by early 2014.

Saab Sensis’ fusion technology
combines primary-plot-extracted
data from the local airport PSR with
either the co-mounted Secondary
Surveillance Radar (SSR; when op-
erating in combiner mode) or with a
remote asynchronous SSR site (when
operating in Assignor mode). In the
demonstration, for exarnple, it is us-
ing both the 3D Holographic Radar
and data provided by NATS from
Glasgow International Airport’s PSR.
Consequently, the fusion technology
will generate a combined output in
the common ASTERIX ATM format.

A secondary demonstration will
incorporate Saab Sensis’ Wide Area
Multilateration (WAM) data with PSR
and Holographic Radar data to illus-
trate the ability to use both coopera-
tive and non-cooperative surveillance
sources. WAM uses a distributed sys-
tem of non-rotating sensors, which
triangulate an aircraft’s position based
on transponder signals—either pas-
sively or through interrogation, pro-
viding a once-per-second update rate.

TECOM —Has been awarded a Customer
Service Award by AAl Unmanned Aircraft
Systems for the second consecutive
year. TECOM'’s Multi-Direction Antenna
System and Tactical Unmanned Aerial
Vehicle products are used in support of
ongoing UAV operations overseas.
LOCKHEED MARTIN—Sterranie C. Hi,
President of the Information Systems &
Global Solutions (IS&GS) -Civil product
line, was honored for career achieve-
ment in industry during the 17th annual
Women of Color Science, Technology,
Engineering, and Math (STEM) confer-
ence. The conference was held last
month in Dallas, TX. Hill was one of 37
Lockheed Martin employees recognized.
In addition, Lockheed Martin Mission
Systems and Sensors (Syracuse, NY) and
Lockheed Martin Space Systems (Sunny-
vale, CA) each received the National
Defense Industrial Association’s (NDIA's)
Top 5 DoD Program Award for 2012.
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MINIATURE: FOOTPRINT

: Phase Noise 5
Frequency Range Tuning @ 10 kHz Size
( MHz ) Voltage ( VDC ) vDC @1 [Typ.] (dBT:IHz) [vp.l (Inch)

Model

DCO Series

DC0O50100-5 500 - 1000 +5 @ 34 mA -100 0.3x0.3x0.08

DC06080-3 600 - 800 +3@15mA -105 0.3x0.3x0.08
CO7075-3 700 - 750 +3@ 12 mA -108 0.3x0.3x0.08
CO80100-5 800 - 1000 +5 @ 26 mA 111 0.3x0.3x0.08
C08190-5 810 - 900 +5@ 34 mA -118 0.3x0.3x0.08

DC0100200-5 1000 - 2000 +5 @ 36 mA 0.3x0.3x0.08

DC0O1198-8 1195 - 1205 +8 @ 30 mA 0.3x0.3x0.08

DCO170340-5 1700 - 3400 +5 @ 29 mA 0.3x0.3x0.08

DGoz004005 f008 8km
BG03006005 derae 138 55 ma
BGo400800.5 e 3@ 20m
DCods2isss s 8% m
DC04503003 e 38 %m
DCoe738425 sk 58 20ma
Bcos0s1y 3 ki - 58 2oma
DCo4sss503 . 8% m
DCO5001000-5 +5 @ 20 mA

DCO5001000-3 B000 10000 +3@ 20 mA

DCO579582-5 5780 - 5880 +5 @20 mA 0.3x0.3x0.08

DCO0608634-5 +5 @ 20 mA

DCO608634-3 6080 - 6340 3 +3 @ 26 mA 0.3x0.3x0.08
DC0615712-5 +5 @22 mA
DCO615712-3 i LS Q28 h
Frequency Range Tuning DC Bias Fhape it Size

; @ 10 kHz
(GHz) Voltage ( VDC ) vDC @ | [Typ.] (dBc/Hz) [Typ. (Inch)

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

0.3x0.3x0.08

DXO Series
. DX0810900-5

+5@ 32 mA -82
+3@32mA -80
+5 @ 27 mA -80
+3 @27 mA

DX010701095-5 10.70 - 10.95 +5 @ 25 mA 0.3x0.3x0.08
DX011441200-5 11.44 -12.0 +5@ 30 mA 0.3x0.3x0.08
‘ DX011751220-5 11.75-12.2 +5 @ 30 mA 0.3x0.3x0.08
14.85-15.15 : +5 @ 30 mA 0.3x0.3x0.08

8.1-8.925 0.3x0.3x0.08

9.0-9.65 0.3x0.3x0.08
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| CONTRACTS

Avago Technologies—Multiple products based on the
company’s film-bulk-acoustic-resonator (FBAR) filter
technology are supporting operation in 15 different
frequency bands. The technology has proven applica-
ble to smartphones required to operate on numerous
frequency bands worldwide. At the same time, it sup-
ports high-speed Long Term Evolution (LTE) voice
and data transmissions.

KOR Electronics—Has received a five-year, sole-
source basic ordering agreement (BOA) from the US

Radio Contract

LOCKHEED
MARTIN
wins SBIR

confract

RAYTHEON

Co.
Awarded Army

design, deploy, and maintain a Project 25 (P25) Phase
2 simulcast radio system, to be utilized by public-safe-
ty and public-works agencies in the region.

Raytheon Co.—Has been awarded $51 million by the
US Army to build and modernize airborne radios. This
initiative includes Phase 3 of the Mobile User Objec-
tive Service/Cryptographic Modernization (MUOS/
CM) Upgrade Program, which is intended to increase
satellite capacity for soldiers.

Lockheed Martin—Has been awarded an $82-mil-

Navy. This BOA supports R&D, production, engineering ser-
vices, and ongoing support associated with KOR Electronics’
Digital RF Memory (DRFM) radar jammers. It is valued at up

to $58 million.

Harris Corp.—Has announced a $24-million contract with the
Regional Municipality of Durham, Ontario, Canada. Harris will

lion contract by the US Air Force to begin initial work on the
fifth and sixth geosynchronous (GEO) satellites in the Space-
Based Infrared System (SBIRS) missile-warning constellation.

The SBIRS program features a mix of GEO satellites, hosted

payloads in highly elliptical earth (HEO) orbit, and associated
ground hardware and software.

FRESH STARTS

L.F. Engineering—Has opened a new man-
ufacturing and engineering development
facility in Dudley, MA. The 20,000-sq.-ft
building replaces the company’s previous
facility in Fabyan, CT.

Rakon—Has begun sampling oscillators
utilizing microelectromechanical-systems
(MEMS) technology to select customers.
The company plans to ramp up volume
production this quarter.

Anritsu—Has been chosen by UK-based
Underwriters Laboratories (UL) as its pro-
vider of Long Term Evolution (LTE) telecom
equipment. Consequently, Anritsu has
become the first commercial, independent
LTE-conformance test facility in the UK.
NuWaves Engineering—Has added autho-
rized resellers in Southeast Asia, the Middle
East, and Europe. MEDs Technologies

will represent NuWaves in several Asian
countries including Indonesia, Malay-

sia, Thailand, and Singapore. Mel Sivan
Technologies will represent the company
in Israel. Finally, two European companies
join NuWaves' reseller network: Tech-Inter
(France) and Medeos Srl (ltaly).

California Eastern Laboratories (CEL)—Has
signed EFO Ltd. as its sales representative
for Russia. Based in St. Petersburg, EFO
will represent CEL's MeshConnect line of
IEEE 802.15.4/ZigBee wireless solutions.
RFE—Has been approved as a member of
the Xilinx Alliance Program, a worldwide
ecosystem of companies collaborating with
Xilinx on product development. In addi-

28

tion, RFEL is now a member of the Altera
Design Service Network (DSN), a listing
of Altera-qualified field-programmable-
gate-array (FPGA) designers.

Lockheed Martin—Is splitting its Electron-
ic Systems business area into two new
entities: the Missiles and Fire Control
(MFC) and Mission Systems and Training
(MST) business areas. The MFC business
(16,000 employees) will be headquar-
tered in Dallas, TX while the MST busi-
ness (19,000 employees) will be based
out of Washington, DC.

Teseq—Has acquired Instruments for
Industry (IFl), a designer and manufacturer
of solid-state and traveling-wave-tube
(TWT) amplifiers. Teseq will incorporate
IFI's Ronkonkoma, NY location as a fourth
competency center, joining Luterbach,
Switzerland; Berlin, Germany; and Ryde,
Isle of Wight, UK.

TeleCommunication Systems (TCS)—Has
been issued 12 patents by the US Patent
and Trademark Office (USPTO) during

the third quarter of 2012. These patents
pertain to developments in wireless data,
navigation, public safety, messaging, mo-
bile location, and secure communications.
Pasternack Enterprises—Has released

an online, interactive version of its 2012B
RF catalog. Optimized for usage on all
mobile devices, this new version features
page-turning animation, multiple viewing
options, and zoom capabilities.

AWT Global (AWTG)—Recently began op-

eration in Parsippany, NJ. A subsidiary of
the Korean design and manufacturing firm,
AceWavetech, AWRG now has sole re-
sponsibility for worldwide sales, marketing,
and support of AceWavetech products,
systems, and services. More offices are
planned to open in the US, Europe,

the Middle East, and Asia.
Modelithics—Through a partnership with
KEMET Corp., Modelithics is providing
scalable global models of KEMET's CBR
series capacitors.

ON Semiconductor—Has joined the multi-
partner, industrial research and develop-
ment program at imec, a nanoelectronics
research center. ON Semiconductor will
collaborate on imec's broad-scale research
program to develop next-generation
gallium-nitride-on-silicon (GaN-on-Si)
technology on 200-mm wafers. It also will
work to reduce the cost and improve the
performance of GaN devices. Last year,
imec’s research program successfully pro-
duced 200-mm GaN-on-Si wafers, bringing
processing within reach for standard, high-
productivity 200-mm fabs.

Global Semiconductor Alliance (GSA)—Has
formed a Technology Steering Committee
(TSC), which is tasked with encouraging
the advancement and adoption of leading
technology and practices for GSA constitu-
ents. Chaired by Dr. Naveed Sherwani,
President and Chief Executive Officer of
Open-Silicon, Inc., the committee will
meet quarterly.
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For rugged, reliable, and repeatable attenuation when accuracy
is key, our customers have come to rely on Mini-Circuits Fixed
Precision Attenuators, rated at 2W or 5W for DC-18 GHz
signals. And now we’ve gone even further, with a new series of
2 W models up to 26 GHz, and a new series of 20 W models
from DC-18 GHz! They feature stainless steel construction,
precision attenuation from 1 to 50 dB, and SMA or N-type
connectors for 50 Q systems.

Inherent accuracy, and finely-graded attenuation levels, make our
“BW” family invaluable on the bench or in the field. They’re a
ready solution for extending the range of test instrumentation or
meeting circuit- and system-level requirements, such as better
matching for high-VSWR components, reducing power to
maximize sensitive applications, or protecting valuable circuitry.
Just go to minicircuits.com—they’re on the shelf and ready to
ship today, at the low prices you’ve come to expect!

See minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!
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Rugged, repeatable performance.

At Mini-Circuits, we're passionate about transformers. We even
make own transmission line wire under tight manufacturing
control, and utilize all-welded connections to maximize
performance, reliability, and repeatability. And for signals up
to 6 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and
they are even offered in packages as small as 0805!

Continued innovation: Top Hat.

A Mini-Circuits exclusive, this new feature is now available on
every open-core transformer we sell. Top Hat speeds
customer pick-and-place throughput in four distinct ways:
(1) faster set-up times, (2) fewer missed components,

(3) better placement accuracy and consistency,
and (4) high-visibility markings for quicker visual
identification and inspection.

More models, to meet more needs

Mini-Circuits has over 200 different SMT models in
stock. So for RF or microwave baluns and transformers,
with or without center taps or DC isolation, you can
probably find what you need at minicircuits.com. Enter
your requirements, and Yoni2, our patented search
engine, can identify a match in seconds. And new custom
designs are just a phone call away, with surprisingly
quick turnaround times gained from over 40 years of
manufacturing and design experience!

See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!

Mini-Circuits...we’re redefining what Value is all about!
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Ll WORLD’S WIDEST SELECTION

RoHS models available,
consult factory.

19 106840 MHz 0.5 112+

Want a miniature surface mount, shielded plug-in, or
rugged coaxial voltage controlled oscillator with the right
stuff for your project? Go to minicircuits.com! You'll find
over 800 standard catalog models, always in stock. They're
optimized to meet specific requirements, from narrow,
broad, or octave bandwidths to linear tuning, low phase
noise, dual output, 5V PLL/synthesizer implementation,
or size, as small as 0.25 x 0.25 x 0.1”. Selection is a
snap, even with so many models to choose from! Just
enter your requirements, and our patented search

engine, Yoni2, searches actual test data to find the.

models that meet your needs. And if you need a

custom design, challenge us with a phone call or email!
We constantly design new models to meet new needs—
so you'll get a quick response, fast turnaround times,
and all at a surprisingly low price. Give your competition
real competition...specify a Mini-Gircuits VCO!

All SMT components are glued
as well as soldered, in place
for long-term, reliable performance "
even after multiple reflow operations.

' Mini-Circuits...we’re redefining what VALUE is all about!
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Matt Apanius,
DIRECTOR,

THE RICHARD DESICH
SMART COMMERCIALIZATION
CENTER FOR MICROSYSTEMS

Interview by NANCY FRIEDRICH

NE: The Desich SMART Center is a microsystems packaging
lab focusing on commercialization. Which part of the design
process does it target?

MA: We are focused on back-end-of-line processes—processes
that will become a development bottleneck for commercializa-
tion if not addressed properly. The package interface determines
how well the device will perform in the environment of its intended
application. By providing package, assembly, and testing processes and
expertise, the Desich SMART Center assists customers in overcoming
these challenges earlier in the product-development process—ideally,
before finalizing the design. i
NEF: The center contains about $5 million of equipment that would nor-
mally be found on a manufacturing floor. Please describe the equip-
ment and capabilities offered by the center.

MA: We have established a great starting point with the current round of
equipment investments by carefully balancing the needs for flexibility and
manufacturability. The capabilities include back-end wafer processing,
package assembly, performance testing, accelerated reliability testing, and
package design. Development work done at the Desich SMART Center can
seamlessly transition into manufacturing, whether the customer chooses
to use a semiconductor assembly and test house or bring it in-house to do
the manufacturing themselves.

NF: A new facility is currently being built in addition to the existing one.
What capabilities and equipment will it offer?

MA: Since September 2011, we have been running projects out of an 1800-sq.-ft,
class 10,000 cleanroom. The new 47,000-sq.-ft facility will be opening in spring
2013. It will have class 100 and class 1000 cleanrooms, expanding the library of
existing process modules. The new process modules will include additional
advanced packaging techniques and new wafer-level packaging processes.

NF: For a small company looking to develop microelectromechanical

32 2 | Microwaves&RF



systems (MEMS) devices, the Desich SMART Center can
help them compete with larger companies in terms of avail-
able resources. How do those firms go about partnering
with the center?

MA: As a development foundry, the Desich SMART Center
offers access and services to companies that do not have the
resources for the capital-intensive infrastructure required for
MEMS packaging, assembly, and testing. Fabless companies
have emerged over the years and have been successful in
bringing new products to the market. Relying on outsourced
manufacturers for development is challenging because it is
disruptive to the manufacturer’s operations. In addition, the
management of intellectual property can be complicated.
The Desich SMART Center’s engagement model offers full
access to capabilities required for back-end-of-line process
development. At the same time, it protects the customer’s
intellectual property and, with partnerships, assists with the
transfer to manufacturing.

NF: How does the center solve the issues that designers are
having with current approaches?
MA: The semiconductor supply chain is fragmented and the
manufacturing models are driven by high volumes. These two
characteristics can make it very difficult for a company interested
in developing and launching a new MEMS product. In this case,
additional resources are necessary to either manage the suppli-
ers or build a prototype lab. This ultimately detracts from what
the company is trying to accomplish—creating a new product.
The Desich SMART Center offers MEMS packaging and
testing services in one location, reducing project costs and
accelerating time to market. For example, a customer can have
their device packaged, performance tested, and evaluated for
reliability—all at the Desich SMART Center. Therefore, the
customer can very quickly understand how the device per-
forms within the constraints of a given package design and its
manufacturing process.
NF: Can you share with us some examples of projects that
have been completed with the center’s help?

Microwaves&RF | visit www.mwrf.com
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MA: Absolutely. We've supported the development of a low-
temperature wafer-bond process for capping a MEMS micro
valve. We have developed a package assembly process for a cus-
tomer that is developing high-temperature integrated circuits
(ICs). And we currently provide them with on-demand proto-
types for their customers. We’ve also developed manufacturing
specifications for several customers that have unique assembly
processes for micro-actuators and sensors. In addition, we con-
duct third-party calibration and testing for MEMS devices.

NF: Do you feel that the center’s location (15 miles outside of
Cleveland in Elyria, OH) hampers its success at all?

MA: Not at all. In many ways, the location is ideal. Ohio is the
third-largest manufacturing state in the US next to California
and Texas. Many of our early customers have been regional
companies that already manufacture products. They are
looking for ways to leverage MEMS and sensors to differenti-
ate their products from their competitors. We also have the
benefit of being close to universities that are conducting
world-class research in MEMS and microelectronics,
advanced materials, and advanced manufacturing.
They include Case Western Reserve University, the
University of Akron, Carnegie Mellon University, the
Ohio State University, and the University of Michigan.
NF: The Desich Smart Commercialization Center

for Microsystems is a very unique model in that it
has a relationship with a community college. Please
describe that relationship and how the center came
into being.

MA: The Desich SMART Center was launched in part-
nership with Lorain County Community College (also
located in Elyria). As an institution of higher learning,
the college has made great strides in rejuvenating a
community that has suffered through a severe eco-
nomic downturn. In serving its mission, the college
has made significant commitments to resources that
support the development of technology and new products.
These include a technology business incubator called GLIDE,
a pre-seed funding opportunity for technology startups known
as the Innovation Fund, and now a technology facility that
leverages capital equipment assets for MEMS and sensor tech-
nology development—the Desich SMART Center.

NEF: Do you see a chance for the US to reinvigorate its manu-
facturing efforts with semiconductor development? How
does the SMART Center contribute to these efforts?

MA: The opportunity for US manufacturing and MEMS can be
realized with low- to mid-range-volume, high-performance
products. For MEMS applications, the package is part of the
system design. A robust system design delivers maximum
performance. The Desich SMART Center is well-positioned

to help companies quickly develop their products so that they
can get them to market. I would like to think that we can have
a positive impact on US manufacturing. There is no way to
predict the magnitude of the potential. But at a minimum, we
are taking a step in the right direction. MWRF
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X-BAND ANTENNA ARRAYS Enrich RHCP FSynthesizer

/7 -BAND ANTENNAS ARE often used had to overcome issues like feeding loss and Consumes 400 !‘lw
for dense satellite-communications undesirable radiation. For RHCP generation,
To Support ISM

.. payloads. They handle the data trans- a novel SIW-based and cavity-backed ring-

mission of high-resolution captured and slot antenna was combined with a STW and N 2009, the Federal Commu-
detected images from a satellite to a ground coaxial feeding network. nications Commission (FCC)
station. Instead of a conventional microstrip To design the single-element 2x2 antenna " debuted the Medical Device
line antenna, however, a substrate-integrat- array, the team had to design a power divider Radiocommunications Service
ed-waveguide (SIW) -based antenna array providing equal amplitude at each output (MedRadio) for transmitting
has been proposed and analyzed in several port in that array. That STW-based, four-way data using implanted biomedi-
configurations at Korea Aerospace Univer- power divider was designed and measured cal devices. As a result, wireless
sity. The arrays were fabricated as multilayer ~ asa replacement for the microstrip struc- implantable biomedical devices
printed-circuit boards (PCBs) for right-hand-  tures. To further increase antenna gain and gained 5 MHz of bandwidth
ed circular polarization (RHCP) by ateam of ~ improve RHCP quality, a 2x4 antenna array from 401 to 406 MHz. To suc-
researchers comprising Eun-Young Jung, Jae  with an eight-way power divider also was ceed, however, these devices
W. Lee, Taek K. Lee, and Woo-Kyung Lee. successfully designed and investigated. had to overcome limited battery

Specifically, the researchers proposed, A 2x4 antenna array was proposed to lifetime. In wireless transceivers,
designed, and investigated arrays based on improve RHCP gain and enhance CP qual- one of the most power-hungry
a single element using two types of array ity with a sequential feeding scheme. This components is the frequency
antennas centered on STW-based design. To  antenna had eight radiating elements in the synthesizer. At Purdue Univer-
increase the transmission efficiency between  top layer, an eight-way power divider, and sity, a low-power, low-voltage
the satellite and ground system while en- phase-delay lines in the bottom layer. The frequency synthesizer for im-
hancing antenna gain, for example, they in- researchers reported notable improvements plantable medical devices
troduced the design procedure, simulation, in electrical performance. See “SIW-Based has been created by Wu-Hsin
and measured data of STW-based 2x2 and Array Antennas with Sequential Feeding Chen, Wing-Fai Loke, and
2x4 array antennas. These arrays build on a for X-band Satellite Communication,” IEEE Byunghoo Jung.
single element operating at X-band from 8.0 Transactions On Antennas And Propagation, Their 0.5-V medical-band
to 8.5 GHz. The single-element approach Aug. 2012, p. 3632. frequency synthesizer con-

sumes just 440 uW while
exhibiting phase noise of -91.5

MM-WAVE RECEIVER Precisely Detects AOA dBefity ot L Mz offset o

the carrier. A number of design

EN IT comes to port receiver front end can Included in this IC are the approaches were utilized to
automotive radar perform the angle-of-arrival following: two input ampli- give this synthesizer its per-
. sensors, calibration | (AOA) detection of 77-GHz fiers; a broadband, passive formance edge. To provide a
is key. After all, mechanical signals for direction find- six-port network; and four high driving current with a low
misalignment of the radar ing (DF) or high-precision power detectors. The IC op- standby current, for example,
sensor to the car body by industrial radar systems. The | erates across a 3-dB band- the charge pump relies on
only a few degrees will seri- millimeter-wave integrated width from 75 to 84 GHz. At dynamic threshold-voltage and
ously degrade performance. | circuit (IC) leverages a mea- | 80 GHz, it boasts respon- switch-coupled techniques. In
A new calibration system surement principle rooted sivity of 152 kV/W. The IC addition, a ring-based voltage-
based on the measurement in the passive superposition | consumes 95 mW from a controlled oscillator (VCO) uses
of electromagnetic (EM) of two incident signals and 5-V supply. It measures just a dual resistor-varactor tuning
waves has been presented power detection. Essentially, | 1028 x 1128 um?, having method to compensate for pro-
by Benjamin Laemmle, the magnitude of the four been fabricated in a 200- cess-voltage-temperature (PVT)
Gabor Vinci, Robert Weigel, | phase-shifted, superposed GHz {7 silicon-germanium variations and the exponential
and Alexander Koelpin signals is downconverted (SiGe) bipolar process. See voltage-to-current curve. See
from Germany's University to baseband by power “A 77-GHz SiGe Integrated “A 0.5-V, 440-uW Frequency
of Erlangen-Nuremberg detection. The phase differ- | Six-Port Receiver Front- Synthesizer for Implantable
together with Linus Maurer ence—and thus the AOA of | End for Angle-of-Arrival Medical Devices,” IEEE Journal
from Austria’s DICE GmbH. the two input signals—can Detection,” IEEE Journal Of Of Solid-State Circuits, Aug.
Beyond automotive be calculated from the four Solid-State Circuits, Sept. 2012, p. 1896. }

radar calibration, their six- output voltages. 2012, p. 1966.
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Cavity Filters

LTCC
Low Temperature
Cofired Ceramic

Over 300 Models IN STOCK ...Immediate Delivery! from

Different needs demand different technologies, and the
Mini-Circuits RF/microwave filter lineup delivers. Over 300
proven solutions, from DC to 15 GHz, are standing by, ready
to ship. High-pass or low-pass, band-pass or band-stop,
in coaxial, surface-mount, or plug-in packages. Across the
board, our filters achieve low insertion loss and low VSWR
in the passband and high attenuation in the rejection band.
Just go to minicircuits.com for more information. If you need
a specific performance and want to search our entire model
database, including engineering models, click on Yoni2, our

Slab Line

$799

€4a.10-49

exclusive search engine.

In Yoni2, you can enter the response type, connection
option, frequency, insertion loss, or any other specifications
you have. If a model cannot be found, we understand the
sense of urgency. So contact us, and our engineers will find
a quick, cost-effective, custom solution and deliver simulation
results within a few days.

M"ﬂ’Z The Design Engineers Search Engine...

raseo sz finds the model you need, Instantly.

Mini-Circuits...we’re redefining what VALUE is all about!
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Analog, Digital & Mixed-Signal

1Cs, Modules, Subsystems & Instrumentation '

¢ Operation Up to 32 Gbps

¢ 5.3W Power Dissipation

4 Less than 250 fs Additive RMS Jitter :

4 _Fully Integrated Compact Module with GPPO Interfac
¢ Hermetically Sealed Module

Cascaded Configuration for
Driving MZ Modulator

TEMPIN it g
- INTEGRATED PHOTONICS TRANSMITTER

Xi_OuT
g Vet Vgg Veir
2 9

f
|

{HMC1050 HMC1051
i Modulator Driver Modulator Driver :
500mVp-p i DC-32 Gbps *DC-32Gbps :

A HMC5850BG

Total Power Consumption:
sia W etioD Modulator Driver
2 08W € 6Vpp she ols
21.5 Gbps NRZ 28 Gbps NRZ 32 Gbps NRZ

HMC6282A
Quad Gold Box GPPO

Optical Modulator Driver
*DC-32 GHz

Output Eye Diagram @ +6V Output Eye Diagram @ +6V Output Eye Diagram @ +7V

Part Data Rate R Gain  Group Variation  Additive  P1dB  Output Voltage
Number Max. (Gbps) (dB) Delay (ps) Jitter (ps) (dBm) Level (Vp-p)
'HMCB870LC5 225 MZ Optical Modulator Driver 18 +15 L0l e
HMC871LC5 22.5 EA Optical Modulator Driver 15 +15 0.3 16.5 25-4
, Sy | ~ 3Vp-p Optical Modulator Driver / o -
fmcIes - Wideband Amplifier " 15 s
8Vp-p Optical Modulator Driver /
HMC1051 32 Wideband Amlifier 16 +5 0.3 20 8
HMC5850BG 32 ~ Optical Modulator Driver 29 +7 g23 | 22 B
NEW! HMC6282A 32 Quad Optical Modulator Driver 26 +4 0.23 - 7.5

Ideal For Wideband Telecom Systems, Test & Measurement and NRZ Applications Up to 32 Gbps

cilittite

MICROWAVE CORPORATION

2 Elizabeth Drive « Chelmsford, MA 01824
978-250-3343 tel « 978-250-3373 fax - sales@hittite.com

Visit Us: www.hittite.com
Contact Us: fo@hittite.com

Receive the latest product releases - click on “My Subscription”
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JACK BROWNE | Technical Contributor

- Software
Integration

Speeds Design Process

LEADING SUPPLIERS OF CAE SOFTWARE TOOLS ARE
WORKING TOWARDS THE IMPROVED INTEGRATION OF
THEIR SIMULATION AND ANALYSIS TOOLS, ALLOWING
DESIGN ENGINEERS INCREASED FUNCTIONALITY
FROM A SINGLE OPERATING ENVIRONMENT.

OFTWARE IS VERY MUCH A PART OF HARDWARE IN THE RF/
MICROWAVE INDUSTRY. Most designers now check their circuits or systems
by mean of a favorite computer-aided-engineering (CAE) program, feeling a de-
sign validated when its simulated responses match closely with measurements
on a prototype. For their part, developers of high-frequency simulation software
have been responsive to the needs of their customers with constantly improving
functionality, new device models, and intuitive graphical user interfaces (GUIs) that help
simplify the operation of some reasonably complex programs. As most CAE software sup-
pliers will offer, there is always room for improvement.

Simulation software within the RF/microwave industry has long been developing as
separate projects, without much initial thought for integrating different functions, such
as circuit simulation and electromagnetic (EM) simulation, together under one operating
platform. But as high-frequency circuits themselves become more integrated, whether as
discrete or monolithic circuits, with active and passive elements, transmission lines, and
different circuit structures that must blend, the ways that engineers use simulation soft-
ware must change as well. Optimizing a circuit usually requires looking at a design in dif-
ferent ways, which requires the use of different simulation programs for the same circuit or
system design file. Because many simulation tools were initially developed as stand-alone
programs, a current trend in RF/microwave simulation software is for the integration of dif-
ferent simulation and modeling functions under a single control platform.

At the recent European Microwave Week (Amsterdam, The Netherlands), Agilent
Technologies (www.agilent.com) demonstrated their EMPro 2012 electromagnetic (EM)
simulation software for modeling three-dimensional (3D) structures including antennas,
connectors, and packages (Fig. 1). The software is highly integrated with the firm’s flag-
ship software platform, the Advanced Design System (ADS) program, allowing files of 3D
modeled structures to be saved as data base “cells” for use within ADS. This allows a user to

Microwaves&RF | visit www.mwrf.com

1. The EMPro 3D EM simulation
software allows cosimulations at
circuit levels as part of its inte-
gration with the ADS software.
[Photo courtesy of Agilent Tech-
nologies (www.agilent.com).]

37



SIMULATION SOFTWARE

perform a circuit and EM cosimulation to
be performed on a project to analyze not
only the electrical circuit performance of
the design but also its EM behavior and
how the two are related.

The EMPro demonstration also
showed some new features, including a
new low-frequency analysis algorithm
for improved accuracy for finite-element-
method (FEM) analyses performed below
100 MHz, even at frequencies as low as
DC. Not only is the latest version of EMPro
more stable at lower frequencies, but it
features advanced FEM meshing technol-
ogy for increased processing speed. Inter-
ested parties can download a trial version
of the software at the company’s website:
www.agilent.com/find/eesof-empro-
downloads-and-trials.

Earlier this year, Sonnet Software
(www.sonnetsoftware.com) released Ver-
sion 13.56 of their Sonnet Suites 3D planar
EM simulation software with support for
Agilent’s ADS 2011 software suite. This
support allows users of ADS 2011 to oper-
ate Sonnet’s EM simulation engine within
the ADS 2011 layout and processing tools
for truly efficient design and circuit optimi-
zation operations. The Sonnet functional-
ity is installed as a Design Kit within ADS
and can be automatically included in ADS
2011 Workspaces, allowing fully functional
Sonnet EM extraction from within the ADS
environment. This can simplify model de-
velopment for radio-frequency

2. The Analyst 3D EM simulator works
within the Microwave Office environ-

ment to perform analysis on discrete and
monolithic circuit interconnections. [Photo
courtesy of AWR (www.awrcorp.com).]

cuit simulation environment. This allows
users working on a circuit design and sim-
ulation to perform a 3D EM simulation as
needed, such as for interconnections and
circuit junctions (Fig. 2). The integration
eliminates the need to open a third-party
software tool when performing an EM
simulation on part of a nominally planar
design, such as an RF/microwave circuit.
Having a 3D EM simulator as part of the
circuit design flow can also simplify the
adjustment of different settings required
for the EM simulation to work with the cir-
cuit simulator, enabling the different tools
to mesh together automatically (Fig. 3).

This is not the first integration of EM
simulation within the Microwave Office
design flow, a process which has been
evolving for years. However, this latest de-
velopment makes EM simulation some-
thing less of an “esoteric” modeling tool
for many designers, allowing them to au-
tomatically save a circuit layout (they are
already working on) to an EM simulator
within the Microwave Office for further
analysis and model extraction. Rather
than loading an EM simulator and creat-
ing an EM-specific design for analysis, the
initial circuit design can also be analyzed
in terms of EM behavior, with the results
from the EM simulation automatically fed
back to the circuit simulator for circuit
tuning or optimization if necessary.

As an example of a commercial firm us-
ing this simulation integration, GreenPeak
Technologies (Utrecht, The Netherlands)
recently announced the development of
a low-power communications controller
integrated circuit (IC) for set-top video
boxes and remote-control units. The fab-
less semiconductor company worked with
AWR’s AXIEM 3D planar EM software
within the Microwave Office environment
to perform RF circuit-board analysis, vali-
dation, and performance optimization
while also minimizing design iterations.
The firm developed 2.4-GHz radio circuits
while also reducing their printed-circuit
costs, integrating multiple components
and performing EM simulations

integrated circuits (RFICs) and
monolithic-microwave  inte-
grated circuits (MMICs) when
working with commercial semi-
conductor foundries.

For most RF/microwave
design engineers relying on
simulation software, ADS is one
of two main choices for simu-
lation platform, with Micro-
wave Office™ from AWR (www.
awrcorp.com) being the other
chief option. AWR was also in
force in the European Micro-
wave Week exhibition area with
a demonstration of their Analyst™ 2012 3D
EM FEM simulator, which is fully integrat-
ed within the AWR Microwave Office cir-

38

and EM cosimulation of complex circuit and
package combinations. [Photo courtesy of

AWR (www.awrcorp.com).]

3. The Analyst
3D EM simulator and Micro-
wave Office can combine for full circuit

on single-layer and multilayer
circuit boards.

In both ADS and Microwave
Office, this growing trend of in-
tegration is enabling designers
to more seamlessly use circuit
and EM simulators together.
The new features in Analyst, for
example, allow layouts to be cre-
ated according to EM variables
and models with swept param-
eters. Layouts can make use of
preconfigured layout cells with
shapes that are controlled by
EM parameters. Such cells, for
example, can be used to place
bond wires in MMIC designs. In
support of Analyst, the Micro-
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SIMULATION SOFTWARE

wave Office layout interface has been en-
hanced for working with the 3D structures
commonly used in planar high-frequency
circuit design.

Another leading supplier of simulation
tools, Computer Simulation Technology
(CST), has also enhanced the compatibil-

ity of their different simulation tools by
integrating their CST BOARDCHECK™ EM
simulator for checking electromagnetic-
compatibility (EMC) and signal-integrity
(SI) issues with circuit layouts. The CST
BOARDCHECK software can work with
a wide range of circuit layout formats, in-
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cluding CADENCE® ALLEGRO’ and Men-
tor Graphics® Expedition® formats. The
software allows engineers to import a
layout file and then check the design ac-
cording to selectable design rules to en-
sure proper EMC and SI performance for
the circuit. CST BOARDCHECK generates
a list of violations and enables an opera-
tor to highlight the problem sections of a
circuit design. If necessary, the design file
can be pulled into the CST MICROWAVE
STUDIO' suite of simulation tools for a 3D
full-wave EM simulation and analysis.

Even suppliers of somewhat dedicat-
ed simulation tools, such as MathWorks
(www.mathworks.com) with their MAT-
LAB°® mathematical software, have worked
towards a goal of making their programs
easier to use, mainly through the devel-
opment of highly focused “Toolboxes.”
MATLAB can be used with several of these
toolboxes, including a Signal Processing
Toolbox, a, RF Toolbox, and a Phased Ar-
ray System Toolbox. The phased-array
tools, for example, include algorithms
for waveform generation, beamforming,
target detection, and direction-of-arrival
(DOA) estimations. Users can build a vari-
ety of different array geometries, including
conformal arrays, uniform linear arrays
(ULAs), and uniform rectangular arrays
(URAs). The arrays can be based on sta-
tionary or moving platforms, and they can
be simulated in terms of spatial, spectral,
and temporal analysis.

For those still unwilling to invest in
CAE software, the legacy AppCAD RF de-
sign software can be downloaded for free
from www.hp.woodshot.com. It is written
for personal computers with 32-b Win-
dows operating systems and calculates S-
parameters for circuit designs of interest
and can show results in tabular form or as
rectangular plots. It works with circuit files
in .s2p form and analyzes S-parameter
data for devices or circuits to obtain basic
performance information, including gain,
isolation, reflection loss, stability, and re-
quired matching impedances for a device.
It can even load multiple .s2p files and
make comparisons on different devices, or
on one device under different sets or bias
or temperature conditions. MWRF
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RF Essentials

JACK BROWNE | Technical Contributor

Measuring Power On

[RF/Microwave

Signails

Accurate power measurements on
RF/microwave signals require a thorough
knowledge of the time-varying nature of the

signals under test.

», OWER MEASUREMENTS ARE
ot just for the laboratory; they
are essential to the operation of
many RF/microwave-based sys-
tems. Monitoring transmitted power from
an antenna, for example, ensures that a
communications system remains within
its mandated power limits. Measuring
received power in some systems can also
help calibrate receiver sensitivity or iden-
tify the distance to a threat.

Fortunately, the various means of
measuring power in RF/microwave sys-
tems have improved dramatically over the
years, to a point where numerous semi-
conductor suppliers now offer integrated
circuits (ICs) with power-measurement
capability comparable to some benchtop
instruments. To better appreciate current
power-measurement solutions, it may
help to review some fundamentals.

Power can be expensive to generate,
and equally costly to maintain. Any power
lost in a communications system can dis-
rupt reception of a signal. Most systems
have some means of measuring power to
detect problems before they happen, and
prevent operational interruptions.

From basic electricity, power is energy
per unit time, defined in values of watt-
age, with 1 watt (W) equal to 1 Joule (J) per
second. In terms of voltage, one volt (V)
is equal to 1 W per ampere (A),or 1 V=1
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W/A. Power is often treated as the prod-
uct of voltage and current, or P =V x [, al-
though this quantity tends to vary in most
systems as a function of time. Because
power can change so much for some sig-
nals, measuring RF/microwave signal
power requires test equipment suited to a
specific type of signal.

In the lab, the trusted means of mea-
suring the power levels of high-frequency
signals is by means of a power meter and
the appropriate power sensor. Three types
of power sensors are used for RF/micro-
wave power measurements: thermistor,
thermocouple, and diode-based sensors.
All three sensor types are appropriate for
measuring the power levels of continuous-
wave (CW) signals, but only diode sensors
have the fast response times to accurately
measure the time-varying power of pulsed
and modulated signals.

Power sensors based on thermistors
gauge the level of power from rises in
temperature due to the heating effects of
applied power on resistors. Thermistors
are semiconductors with a negative tem-
perature coefficient. They are a type of
bolometer, a device in which resistance
changes with temperature changes caused
by applied RF/microwave power.

Because thermistors exhibit nonlinear
resistance characteristics as a function of
applied power, using them for power mea-

surements is anything but straightforward.
They are typically used with a bridge and
some form of bias (AC or DC) to main-
tain a thermistor assembly or mount at a
constant resistance with applied RF/mi-
crowave power. A power meter tuned to
the sensor’s changes in bias energy as a
function of applied power is then used to
calculate the RF/microwave power over a
dynamic range enabled by the thermistor
mount and its supporting electronics, in-
cluding video amplifiers.
Thermocouple-based power sensors
work on the principle that some dissimilar
metals will produce a voltage due to tem-
perature differences at the junctions of two
of the metals. Known as the Peltier effect,
a thermocouple formed of two appropri-
ate metals can generate a small voltage in
response to temperature rises. When cur-
rent flows through a junction of a thermo-
couple formed of two of the proper metals,
it induces a temperature rise in one of the
metals in the junction, with heat absorbed
by the other metal in the junction. The re-
sulting flow of electrons or charge can be
used as part of a power sensor. A power-
sensor thermocouple is usually a loop or
circuit made of two different metals, with
two junctions. Heat is applied to one junc-
tion but not the other, with resulting elec-
tron flow towards the cold junction. Mod-
ern power sensors based on thermocouple
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MEASURING POWER

technology generally use thermocouples
fabricated as semiconductor chips with
the appropriate metal junctions.

Diode-based power sensors make use
ofa Schottky diode’s capability of rectifica-
tion, or converting an alternating current
(AC) flowing alternately in two directions
to a direct current (DC) signal flowing in
only one direction. As diodes were fabri-
cated on different materials, from early
silicon devices to later gal-

Many modern wireless communica-
tions systems transmit and receive signals
that are noiselike or pseudorandom in
nature, including Long-Term-Evolution
(LTE) cellular communications systems,
and making power measurements on
such signals involves as much statistical
analysis as signal capture. Because of the
random nature of amplitude peaks for
some of these signals, measuring power

requires taking a large num-

lium arsenide (GaAs) devices, Lahﬂr atory— ber of samples for a given
the bandwidth and frequency communications  channel.
capabilities of the devices in- grade power Next, statistical analysis must
creased, supporting power be performed to calculate the
measurements through RF measurements probability that power will be
and microwave ﬁequt?ncie.s. have become at or below a cer.taln level in
Of course, the rectification . that channel during the sam-
process has nonlinear volt- pOSSIhle Sans pled time period.
age-current characteristics, so When measuring the peak
that various forms of linear- power mEters- envelope power (PEP) of the

ization and temperature com-

pensation are needed to perform accurate
power measurements with diode-based
sensors. But these correction factors can
be measured for a specific diode type and
stored in memory on board a sensor, such
as electronically erasable programmable
read-only memory (EEPROM).

Different types of RF/microwave pow-
er sensors are necessary because of dif-
ferences in high-frequency signals. When
measuring CW signals, all three types of
power sensor would yield the same results.
But that would not be the case for pulsed
or modulated signals, especially signals
with advanced digital modulation formats.
The need for pulsed power measurements
actually goes back as far as World War II,
with the development of high-power radar
systems and the magnetron and klystron
vacuum electronic devices created for
those radar systems. The wireless com-
munications explosion that began in the
early 1990s brought with it an expansion
of complex modulation formats—notably
those based on changing relationships
of in-phase (I) and quadrature (Q) signal
components, such as quadrature ampli-
tude modulation (QAM). The crest fac-
tors for digital modulated signals can vary
widely, requiring a power measurement
solution with a very wide dynamic range.
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types of random or noiselike
signals used in modern communications
systems, a power-measurement solution
must take on many of the traits of a digi-
tal sampling oscilloscope (DSO), such as
sampling the input signal and making a
large number of measurements in a short
time in order to capture as many of the
peak power levels as possible. Obviously,
the greatest accuracy will come from a
sensor capable of operating at fast sam-
pling rates and performing as many mea-
surements per second as possible.
Traditionally, power sensors have been
one-half of a power-measurement solu-
tion, working with a compatible power me-
ter. Power meters can be one of two types:
a terminating power meter or a directional
power meter. A terminating power meter
is one in which the power sensor is used to
measure the output power from a source
but at the same time interrupting or ter-
minating the flow of power. A directional
power meter couples some of the power
between a source and a load and can mea-
sure direct and reflected power levels with
the aid of a directional coupler, without
necessarily interrupting the power flow
through the system under test.
The power meter can contribute to crit-
ical measurement linearity by providing a
power reference signal for calibrating a

connected power sensor. Standards orga-
nizations such as the National Institute of
Standards and Technologies (NIST; www.
nist.gov) in the United States specify trace-
able 0-dBm (1-mW) reference signal for
calibrating power meter sensors. This ref-
erence is usually provided via a thermistor
mount within the power-meter housing.

Modern power meters, especiallywhen
used with appropriate diode sensors for
pulsed or PEP measurements on digitally
modulated signals, can provide results in
terms of detected power in addition to a
host of other details about a signal. These
include pulse width, pulse repetition fre-
quency (PRF), and pulse repetition inter-
val (PRI) for pulsed signals.

Traditions change, however, and lab-
oratory-grade power measurements are
now possible without the power meter,
using a new breed of power sensor that
uses a Universal-Serial-Bus (USB) con-
nection to a personal computer and the
computer for control and signal process-
ing. These are available from a number
of test-equipment manufacturers and
even components suppliers, such as Mini-
Circuits (www.minicircuits.com). A USB
power sensor/meter typically incorpo-
rates a microprocessor-based controller in
addition to the power-measurement cir-
cuitry, and uses a personal computer (PC)
or laptop computer as the graphical user
interface (GUI), computational capabili-
ties, and memory storage. USB power sen-
sors/meters are available for both CW and
pulsed/modulated power measurements,
over frequency ranges as wide as 10 MHz
t0 26.5 GHz.

One final note: This discussion has
focused on laboratory power measure-
ments. In many cases, power measure-
ments may be part of the normal opera-
tion of an electronic device or system, and
performed by an integrated circuit (IC)
incorporating a diode detector, logarith-
mic-amplifier (logamp) detector, or root-
mean-square (RMS) detector. Such ICs
are often used for power monitoring and
control in modern communications sys-
tems. They are capable of power measure-
ments over wide dynamic ranges exceed-
ing 60 dB at microwave frequencies. MWRF
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NANCY FRIEDRICH | Editor-in-Chief

Energy Harvesting Is Ready

Big Time
. NERGY IS ALL AROUND US—
.. whether the sources are solar,
~ electromagnetic, piezo-electric, or
~ thermal. By “harvesting” even a
fraction of this energy, engineering firms
can deploy a growing number of sensing
technologies for the greater good. Such
sensing applications include wearable

medical-monitoring devices, aircraft mon-
itors, automotive monitors, and re-

mote monitors for gas and energy Energy
sources. To help energy harvesting o Vy:é‘;;‘;‘: e
increase its global footprint, it is be- I
ing applied to a growing number of
: . g Power
solutions ranging from integrated management
circuits (ICs) to active and passive 3
(ICs) p Sub-gigahertz 8- or 16-b

components. ultra-low-power MCU T

Examples can be seen in the el [ Energy-harvesting
« . . s transducer (thermo,

Energy Harvesting Solution To Application| |12 bient light, RE.

Go” kit from Energy Micro (www. Sensor | | induction, piezo, etc) | |

energymicro.com), Linear Tech-
nology (www.linear.com), and
Wiirth Elektronik (www.we-online.
com). The two basic parts of this
kit are an energy-harvesting board and
the Giant Gecko starter kit. Both elements
contain passive components from Wiirth
Elektronik. Wiirth’s WE-EHPI power in-
ductors derive their efficiency from the
low ohmic resistance of each winding as
well as a core that was especially devel-
oped for a rugged environment. Efficient
electromagnetic-interference (EMI) sup-
pression is realized by adding surface-
mount-device (SMD) ferrite beads at each
plug contact.

The multisource energy-harvesting
board has four voltage converters from
Linear Technology, which are optimized
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for the different energy sources. For in-
stance, the LTC3588 is offered for alternat-
ing-current (AC) sources to 20 V, such as
piezo-electric and inductive energy gen-
erators. The Giant Gecko Starter Kit con-
tains the energy-friendly microcontroller,
EFM32. (The EFM32GG990F1024 con-
sumes only 200 pA/MHz in active mode.)
It also includes an ARM Cortex M3 micro-

As wireless-sensing components boost efficiency
and ofher performance criteria, energy-harvesting
solutions are moving beyond a niche and into
everyday applications.

transducer converts some form of ambi-
ent energy to electricity. In addition, a
power-management module is needed
to channel the energy, regulate voltage
supply, and implement the energy-stor-
age management required by the sensor
node. An MCU manages the signal from
the sensor and communicates with the
radio link. Finally, a radio link with or
without an RF wakeup receiver
function is required at the sensor

node (see figure).
Energy-harvesting  solutions

place unique and stringent de-
mands on all of their compo-
nents—for example, by demand-

| ing very high power efficiency.

Peres explains, “The microcon-
troller and radio must operate
in low-power modes whenever

Shown is a basic energy-harvesting wireless sensor.
(Courtesy of Microsemi)

controller unit (MCU) with 48-MHz speed,
1024-kByte Flash memory; 128-kByte
random-access memory (RAM); Univer-
sal Serial Bus (USB), liquid-crystal-display
(LCD) control, and more.

With these components, this kit offers
a solid starting point for an energy-har-
vesting solution. Mauricio Peres, Director
of Business Development at Microsemi’s
(www.microsemi.com) Ultra Low Power
Group, details the various aspects of most
energy-harvesting sensors: A sensor de-
tects and quantifies any number of en-
vironmental parameters required in the
application, while an energy-harvesting

possible in order to maximize the
power-source lifetime.”

There also is a need for micro-
processors that can quickly move
from deep sleep to idle and active modes,
notes Mark Grazier, Low Power RF Prod-
uct Marketing Manager, Wireless Con-
nectivity Solutions at Texas Instruments
(www.ti.com). This capability reduces
current consumption between transmit
and receive transitions and, ultimately,
the power usage. Grazier states, “The
key to a more efficient radio architecture
is to lower the energy required to trans-
mit and receive packets of information.
Energy-harvesting systems also require
lower packet-error-rate radios, which
eliminate having to retransmit packets of
information, thereby reduéing the total
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ENERGY HARVESTING

daily amount of energy provided
by the energy harvester.”

Issues also arise due to the
makeup of most wireless-based
sensor networks. For example,
the majority of those networks
rely on duty-cycling to conserve
power and restrict the usage of ra-
dio space. This generates peaks in
the sensor’s current-consumption
profile. Low peak current con-
sumption in the radio transceiver
reduces constraints on the wireless sen-
sor’s power supply.

Peres notes that these constraints are
even more important for wireless sensors
that run from harvested energy sources.
“Often, energy-harvester transducers
have higher output impedance than bat-
teries,” he explains. “The micro-power
management layer between the energy
transducer and the sensor converts the
supply characteristics—including source
impedance. Therefore, the low peak-cur-
rent consumption in the radio transceiver
reduces constraints on the power supply
of the wireless sensor.”

No matter their approach, the call for
more efficiency is echoed by energy-har-
vesting systems of all types so that they
can transmit data more often. Yet the ex-
tent to which each type of approach is ac-
tually harvesting energy varies greatly at
this point. Solar harvesters are currently
the most prevalent source of energy har-
vesting, as they operate between 25% to
50% efficiency per cm? (see table). As they
are more widely deployed, their cost will
decrease per cm?.

THE STATE OF RF ENERGY HARVESTING

For their part, RF energy-harvesting so-
lutions are currently more a darling of
the labs than a commonly used solution
in their own right. A typical RF energy-
harvesting system also looks quite differ-
ent from its counterparts. John Bazinet,
Product Line Manager, Power Products
at Linear Technologies, provides a picture
of a typical solution by dividing it into two
parts: the receiver [tuned antenna, recti-
fier, storage element (capacitor), DC-DC
converter|] and transmitter [directed RF

48

ey Characteristics
Source

Vibration

Energy-Harvesting Sources Today

Efficiency

OQutdoor
Indoor

10~24%

~Hz-human
~kHz-machines

energy (PowerCast, for example) or ambi-
ent RF (WiFi, cellular, radio)]. Typically, he
notes, RF energy systems have four com-
ponents including a tuned antenna, an in-
put storage element, power-management
circuitry, and an output storage element.

Like their counterparts, RF energy-har-
vesting systems are in need of a number of
performance enhancements. Bazinet ex-
plains that RF energy-harvesting solutions
require or have required improvements to
the following: directed RF energy source
(not ambient), higher efficiency, ultra-low
quiescent current, wider-input-range DC-
DC, low-power MCUs, and RF transceiv-
ers. The microwave and RF industry in
particular could better serve these systems
by providing lower-power RF transceivers.
Even if these demands are satisfied, how-
ever, Bazinet notes that directed RF energy
systems are very niche. If they are using
ambient RF, they have much less available
energy compared to photovoltaic or ther-
mal energy harvesters. RF energy harvest-
ing also will have to overcome typical RF-
centric issues, such as limited radio range
due to building materials.

As RF energy harvesting finds its way,
other energy-harvesting solutions are al-
ready broadening their reach. TI's Grazier
summarizes, “Solar harvesters, over time,
will continue to improve their efficiency so
that they can expand their usage for both
outdoor and indoor applications, where
available lighting sources are available.
Thermal harvesting solutions are also
finding their way into building applica-
tions, where they can maximize the tem-
perature differential between the outdoor
and indoor temperature on a window.
Thermal harvesting is also being used on

Harvested
Power

100 mW/cm?
100 uW/cm?

~4 uW/cm?
~800 uW/cm?

body-worn devices. Overall, energy
harvesting has a promising future
as more and more products move
from R&D development into main-
stream products.”

New solutions are starting to ap-
pear more steadily, reinforcing this
point. The AS3953 NFiC (Near Field
Communications interface Chip)
from ams AG (www.ams.com)
provides a high-data-rate interface
between an NEC device, such as a
smartphone, and any host microcontroller
with a standard Serial Peripheral Interface
(SPI). Because it operates on energy har-
vested from an NFC reader’s RF emissions,
the interface chip requires no external
power source and a maximum of one ex-
ternal capacitor. The device can draw up to
5 mA of harvested energy from the external
magnetic field. With an internal power-
management circuit, it also can supply
harvested energy to the application.

Another recent debut promises to
solve the longstanding indoor-location-
detection problem that has plagued
emergency responders. ROHM (www.
rohm.com), in collaboration with Ritsu-
meikan University and Information Ser-
vices International - Dentsu, Ltd. (ISID),
announced Guidepost Cell. Using the
low-power IEEE 802.11-compliant wire-
less beacon protocol, this indoor location-
detection infrastructure supplies precise
positional data to smartphones and other
mobile devices. The solution is powered
by dye-sensitized solar cells (DSCs) that
harvest energy from indoor lights. The
DSCs promise to generate 48 uW/cm? un-
der 1000 lux.

These are just two examples of myriad
opportunities. The potential for these
solutions knows no bounds—as long as
they can achieve their efficiency goals
and other performance metrics. Going
forward, such solutions will increasingly
be miniaturized to allow their use in
more individual wellness and health ap-
plications. While ICs and active and pas-
sive components raise their performance
while reining in efficiency, engineers will
be taming the old demons of range, inter-
ference, and size. MWRF
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Phased
ArrQy
-Antennao

Receives 4G
Networks

Based on microstrip circuitry, commercial mi-
crowave components, and an advanced
steering algorithm, this phased array helps
connect 4G backhaul equipment.

OURTH-GENERATION (4G) cellular networks rely on
many key components to provide the bandwidth and
coverage that wireless service providers and their cus-
tomers expect. One of these components is a phased-
array antenna system with beam-steering capabilities
that supports communications between relay stations
and base stations. The proposed antenna design operates at
3.42 GHz and features 21.17 dBi gain and 424 MHz bandwidth,
employing a least-mean-square (LMS) algorithm to provide a
steerable mainlobe response with desired nulls and sidelobe
suppression.

Phased-array antennas have been used in a wide range of
applications, from military systems to commercial cellular com-
munications networks. They are often used in wireless systems
to steer signals from base stations to desired destinations while
creating nulls to suppress interference.?> A number of algorithms
have been developed and proposed for beam-steering purposes,
including LMS, the constant modulus algorithm (CMA), and the
recursive least-squares (RLS) algorithm.>* These algorithms are

50

KONSTANTINOS VOUDOURIS

RAED A. ABD-ALHAMEED
Professor of Electromagnetics and Radio
Frequency Engineering

Light pole

Phased array

Base station

Relay station

1. The proposed phased-array-antenna
system can be used to connect cellular
relay stations to 4G base stations.

23cm

2.2cm

44cm

Feeding point

2. The phased-array antenna uses an

E-shaped configuration to achieve
high gain. '

characterized by different complexity levels and convergence
times.>® In addition, a wide range of antenna shapes and config-
urations have been proposed for use in phase-array systems for
achieving bandwidth and gain enhancements.”®

The proposed phased-array system was developed for use
in a prototype WiMAX relay station® to establish a backhaul
link between a relay station and base station. It includes a 4 x 4
microstrip-based modified E-shaped patch array!® based on a
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4G PHASED ARRAY

stacked geometry.!! In addition, a beam-forming circuit was de-
signed and fabricated for power division, signal processing, and
array excitation. An LMS algorithm was used to properly assign
phases and amplitudes to each radiating element and thus steer
the radiation mainlobe to a base station.

Version 14 of the Mathcad simulation software from Paramet-
ric Technology Corp. (www.ptc.com) was used to generate the
LMS algorithm. When the required element phases and ampli-
tudes are obtained, they are applied to the array simulations as
well as to the fabricated prototype to derive simulated and actual
radiation patterns. Figure 1 shows the application of the pro-
posed phase-array antenna design.

Figure 2 shows the dimensions for the 4
x 4 antenna array. The modified E-shaped
elements are placed on a foam substrate
with relative dielectric constant (g, = 1) with
height, h, of 0.5 cm. The foam substrate is
then placed on RO3006 circuit-board ma-
terial from Rogers Corp. (www.rogerscorp.
com) with g, = 6.15 and h = 1.28 mm. Next,

Antenna model

4x4 phased array

Antenna
ool f | .
layer
<-}---
RO3006®
Ground
plane

Coaxial cable

3. This cross-sectional view shows how a foam layer is used
with a commerecial circuit-board layer in the antenna design.

Comparing the proposed array with a

commercial backhaul antenna

Gain (dBi) HPBW for YZ
plane (deg.)

Bandwidth
(MHz)

HPBW for XZ
plane (deg.)

the RO3006 substrate is mounted on a
ground plane of 35-pm-thick copper. Figure 3 shows the struc-
ture of the array, in which the modified E-shaped elements are
coaxial fed. The two circuit substrates are used for enhanced
bandwidth and gain.'° Figure 4(a) depicts the phased array for
simulation purposes, while Fig. 4(b) shows the fabricated array.
Figure 5 denotes the edge-to-edge distance between ele-
ments. The center-to-center distance between two adjacent ele-
ments is 0.8\, where A is the free-space wavelength. This value
was chosen to produce a radiation pattern with low sidelobe
levels and to prevent grating lobes.'? Figure 6 provides the simu-

4. The phased-array antenna design was evaluated in terms of
(a) software simulations and by means of measurements of a
fabricated design (b) in an anechoic chamber.

lated and measured S;; response for element “1” in Fig. 4(a). For
the experimental S;; measurements of element 1, all other ele-
ments are terminated using 50-Q) impedance to eliminate mutual
coupling effects.

The two S;; curves of Fig. 6 are in close agreement, verify-
ing that the proposed antenna array operates at 3.418 GHz with
bandwidth of 424 MHz (S;; <-10 dB) or 12.4%. The S;; measure-
ments were obtained using a model MS2036A vector network
analyzer (VNA) from Anritsu Co. (www.anritsu.com).

Figure 7 offers simulated and measured radiation patterns [for
the 6 angle and XYZ planes denoted in Fig. 4(a)] for the 16-ele-
ment array, with measurements performed in an anechoic cham-

5. This diagram shows the inter-element spacing in the 4 x 4
antenna array.
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4G PHASED ARRAY

ber. The currents that excite each radiation
element have the same amplitude and

phase. The radiation pattern that results

has a mainlobe at 6 = 0 deg. and sidelobe
levels ofless than 10 dBi. The radiation pat-
terns depicted in Fig. 7 were obtained at
3.418 GHz.

The table compares the proposed ar-
ray with a commercial antenna at 3.5 GHz
in terms of gain, bandwidth, and half-
power beamwidth (HPBW) in the YZ and
XZ planes. The array’s enhanced gain and
low HPBW are suitable for use in point-
to-point communications applications.
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6. These plots compare the simulated
and measured Sq; responses for the
E-shaped antenna.

The array satisfies the requirements of the
IEEE 802.16j protocol for WiMAX, and can
be used for achieving a backhaul link be-
tween a relay station and a base station.

The beam-forming module is a planar
design with two substrates, including two
eight-way power dividers. It was simulat-
ed and optimized with the help of the Ad-
vanced Design System (ADS2009) simula-
tion software from Agilent Technologies
(www.agilent.com) and then fabricated. It
includes Wilkinson power dividers,' 100-
Q chip resistors, commercial digital atten-
uators [model HMC629LP4 from Hittite
Microwave Corp. (www.hittite.com)], and
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7. These radiation patterns are shown
in terms of 6 for (a) ¢ = 0 deg. (in the
XZ plane) and (b) ¢ = 90 deg. (in the
YZ plane).
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4G PHASED ARRAY

digital phase shifters (model HMC648LP6
from Hittite). The microstrip circuit was
fabricated on RO4003 circuit-board ma-
terial from Rogers Corp. with relative
permittivity of 3.55 and thickness of 0.508
mm. A second RO4003 board is placed
beneath the first substrate, on the top of
which the ground plane is positioned.
The amplitudes and phases of each ra-
diating element are produced as a result of
digital inputs; the resulting signal ampli-
tudes and phases are assigned to specific
attenuators and phase shifters, respective-
ly. Figure 8(c) provides a cross-sectional
view of the proposed beam-forming cir-
cuit, with the two substrates held together
via holes. The length of the microstrip line
on the top part of the circuit is an integer
multiple of Ay(fy = 3.5 GHz), while the
width is defined using the formula in ref.
14. Figure 9 shows the layout of the beam-
forming circuit design. The simulated and
measured S;; performance of the beam-

forming circuit is shown in Fig. 10.

The S;; measurements on the cir-
cuit were performed with the Anritsu
MS2036A VNA. The beam-forming circuit
operates from 3.3 to 4.0 GHz, a 700-MHz
bandwidth with S;; less than —10 dB. The
minimum experimental value of S;; is
-27.112 dB at 3.38 GHz. As Fig. 10 shows,
the measured and simulated responses
are in good agreement, with differences
resulting from ohmic, dielectric, and con-
ductor losses in addition to microstrip
line coupling. The beam-forming network
thus covers the frequency range of the an-
tenna array developed previously, making
it a good match for the combined design.
Figure 11 shows the antenna array togeth-

8. The two photographs shows the top
view (a) and bottom view (b) of the
beam-forming unit, while the cross-
sectional diagram (c) shows the stacked
circuit substrates.

Connectors

Phase shifter |

Attenuator
Chip capacitor

Digital

information input @ Digital
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er with the beam-forming circuit.

The test signals are generated by a
model MXG N5182A commercial signal
generator from Agilent Technologies.
They are guided to a commercial two-
way SMA power divider with frequency
range of DC to 18 GHz, which splits the
test signals into two equal outputs. These
signals are then sent to the beam-forming
module. Within the module, the test sig-
nals are further divided into 16 microstrip
lines which feed each of the 16 antenna
array elements. Commercial phase shift-
ers and attenuators are incorporated to
achieve the desired radiation pattern. The
beam-forming circuit and the array are
connected through SMA cables. In addi-
tion, the power divider is connected to the
beam-forming circuit via SMA cables. All
measurements are performed in an an-
echoic chamber.

The antenna array’s radiation pattern
can be shaped through the application of

SR LG VEOA
4

the LMS algorithm.'® Itis a gradient-based
algorithm which performs iterative opera-
tions to minimize the mean square error
between the array output and a reference
signal. The algorithm was developed and
operates according to Version 14 of the
Mathcad software. A set of requirements
is first defined regarding radiation pattern
shape. The algorithm is then executed to
yield the amplitude and phase for each
patch element to create the required ra-
diation pattern.

Three beam-forming scenarios were
considered for the proposed design. In the
first scenario, the conditions included a
maximum level at (-18 deg., 0 deg.), a null
at(34 deg., 0 deg.), and sidelobe level (SLL)

9. This layout shows
the microstrip
circuit pattern for
the beam-forming
module.

of less than —10 dB. The specific quantized
values of amplitude and phase!”'® re-
quired for this scenario are:

a=[0,-3, -6,-9, -12, -15, -18, -21, 24,
-27,-30, -33, 36, -39, —42, -45] in dB
and

B = [0, 5.625, 11.250... 354.375] in deg.
with step of 5.625 deg.

The algorithm gives the following re-
sults in terms of amplitude and phase:

See Egs. 1(a) and (b), p. 61.

These results are assigned to each radi-
ating element for the purpose of measure-

forma
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4G PHASED ARRAY

ments and simulations, with the simulat-
ed and experimental radiation patterns for
the phased array in this scenario shown in
Fig. 12. The requirements of the scenario
have been met. The sidelobe levels on
both curves are less than —10 dB. The null
angle is 34 deg., while the angle of maxi-
mum response is —18 deg. The deviations
in the experimental results can be attrib-
uted to ohmic, dielectric, and conduc-
tor losses; line coupling; and imbalance
phenomena of the attenuators and phase
shifters. Imbalance phenomena are rel-
evant to errors in attenuation and phase
assignment to excitation currents due to
circuit losses. In spite of these imbalances
and losses, the radiation pattern exhibits
the desired form.
In the second scenario, the maximum
is at (22 deg., 0 deg.), the null is at (80 deg.,
0 deg.), and the SLL is less than —10 dB.
The procedure used in the first scenario is
followed, with the LMS algorithm yielding
the following results:

See Egs. 2(a) and (b), p. 61.

The simulated and experimen-
tal response curves for this scenario
are shown in Fig. 13. The simulation
response meets the requirements ex-
cept for the maximum of the mainlobe,
where the simulation curve presents

Two-way
power divider|

Signal generator

11. This diagram shows how test signals
were created for evaluating the phased-
array antenna system.

Omax = 20 deg. The measured response
shows the mainlobe maximum at 6,,,, =
18 deg. This deviation may be the result
of power divider and cable losses in the
experimental setup.

In the third scenario, the maximum is
at (=24 deg., 0 deg.), the null is at (20 deg.,
0 deg.), and the SLLis less than —10 dB. For
this scenario, the LMS algorithm yields the
following results:

See Egs. 3(a) and (b), p. 61.

0 In this case the
curves  produced
e by simulation and
N ¥ experiment satisfy
‘\\ DA s / the requirements

=10 s A /]

set by scenario (c).
Blue and green lines

M coincide at high de-
L gree. The differences
between simulation

and experiment are
probably caused by

s, —dB
.
N
o
—"
e
S
::::D’
2
—"”
e
5

S S simulation

, measurement

10. This plot shows

the simulated
and measured Sq4
responses for the

3.2 3.4 3.6

Frequency—GHz

3.8 4.0

eight-way Wilkinson

power divider.
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power-distribution losses in the beam-forming circuit. lation software from Ansys (www.ansys.com). The proposed ar-
In summary, the simulated and measured results for the raywascompared to a commercial array, revealing thatit exhibits
phased-array antenna system and its beam-forming network higher gain over a narrower beamwidth. MWRF

were in close agreement in most cases. The phased-array mod-
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13. These curves show the simulated and measured radiation pat-
terns for the phased-array antenna system in the second scenario.
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Spiral Anfenna Cuts
Low Profile To 9.4 GHz

This novel, miniature Archimedean spiral antenna achieves a low input
impedance through the use of a tightly controlled exponentially tapered spiral
line for implementing the impedance conversion.

RCHIMEDEAN SPIRAL antennas (AR-
SAs) are attractive for a variety of
RF and microwave applica-
. ions. They have been used
for circularly polarized broadband
communications and can be eas-
ily flush mounted in many systems.
They are characterized by stable in-
put impedance and radiation char-
acteristics over several octaves. The
size of these antennas is determined
by the lowest operating frequency, the
depth of the cavity, and the length of
the feed balun. Many studies have been
performed to overcome these size limita-
tions by reducing the aperture'*> and/or
by decreasing the profile.1* This current
report will show how the use of a very short exponentially tapered
microstrip balun can lead to a low-profile antenna with impres-
sive bandwidth of 0.8 to 9.4 GHz.

An efficient way to miniaturize the antenna aperture is by me-
andering the antenna arms,® which elongates the arms’ electri-
cal length and lowers the operating frequency. Meanwhile, sev-
eral methods have been proposed to thin the reflectors used to
achieve finer unidirectional properties, but without considering
the length of feeding balun.'*

As an ultrawideband (UWB) feed structure, an exponentially
tapered microstrip balun (ETMB) is one of the most efficient
baluns used to feed spiral antennas. According to ref. 15, the
length of an ETMB should equal one-half wavelength of the low-
est frequency of interest so that the ETMB can work well in its
band. But the theory on the impedance conversion of a tapered
line'® shows that the length of an ETMB can be made very small
if the impedance at the balanced port is close to that of the un-
balanced port. Consequently, a spiral antenna with low input
impedance close to 50 Q can be fed with a very short ETMB to
achieve a very low profile.

To demonstrate this approach, an exponential Archi-

miniaturized aperture.
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1. This photograph shows the exponential-
Archimedean spiral antenna (EARSA) with highly

medean spiral antenna (EARSA) with highly
miniaturized aperture and extremely
low profile will be detailed in this
report. The antenna is construct-
ed in two parts: a sinuous me-
ander Archimedean spiral
line used to miniaturize the aperture
and a controlled-width exponential
spiral line that helps minimize the
input impedance. Theoretically, when
the ratio of the EARSA’s input imped-
ance to 50 Q is equal to unity, the length of
the ETMB can be arbitrarily small
and its impedance conversion
characteristic unchanged, making pos-
sible an EARSA with truly low profile.

By transmission-line theory,'® a quar-
ter-wavelength transformer offers a simple means of matching
any real load impedance to any line impedance. A quarter-wave
transformer provides a simple means of matching any real load
impedance to any line impedance. For applications requiring
more bandwidth than a single quarter-wave section can provide,
multisection matching transformers can be connected serially.
As the number of discrete sections increases, the step changes in
characteristicimpedances between the sections become smaller.
A larger number of transformer sections begins to approach the

Z(2)  Tapered microstrip line

Unbalanced

_ _ Balanced
port Z

5 ort
] p

Tapered ground

2. A tapered microstrip transmission line is the essential
component of the impedance converter.
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structure of a continuously tapered line,
such as the exponentially tapered line
shown in Fig. 2.

According to the theory on the imped-
ance conversion of an exponentially ta-
pered line, the converter can work well at
the smallest length, given that Z;/Z, and
reflection coefficient magnitude |I'y|. The
smallest length, 1, is found from the
relationship:

1 2

[ =———ln— 1
T AR

If the ETMB is designed on a substrate
with relative permittivity of e,, then an em-
pirical formula for calculating Iy, can be
found after substituting 2rme./Aq for 8, as
shown in Eq. 2:

MINIATURE SPIRAL ANTENNA

where:

Ao = the free-space wavelength of the an-
tenna’s lowest operating frequency, and

B = the propagation constant of the sub-
strate material.

Equation 2 indicates that an ETMB
will work well for a wideband impedance
conversion for any length and ratio com-
bination of Z; /Z, that equals 1. To evalu-
ate the effectiveness of an ETMB, one was
modeled on a 1-mm-thick circuit sub-
strate with relative permittivity of 4.3 and
loss tangent of 0.003. When an ETMB with
microstrip line that is not tapered is simu-
lated as part of a back-to-back structure,
it is clear that shorter ETMBs result in less
transmission loss, with respectable reflec-
tion coefficient. Figure 3 shows simulated

S-parameters for back-

to-back ETMB struc-

R e

tures with lengths of 10

| — Length=10mm|
Length = 75 mm |

and 75 mm, or almost
one-half the

wave-

length at 1 GHz.

From ref. 16, it is

known that

“infinite

S-parameters—dB

balun” is one of the

most effective ways

==do ]

to feed Equiangular

L%

spiral antennas. One

Frequency—GHz

prominent character-
istic of infinite balun

3. These simulations show S-parameters for the 10- and

is its remarkable im-
pedance conversion in

75-mm ETMBs. ultrawideband, which
350 : is used in this paper to
300 [ — The proposed antenna [~ decrease the input im-
250 e g pedance of ARSA and
200 g e i S PErT achieve a low value of
(@] Reapaptesain St s e e Osleem aihe

0. e e e e Z1/Zyforthe ETMB. The
2 100 r——F o EARSA antenna arm
2 50l e S == consists of two parts: an
é 0 /\"F)-K / = s exponential spiral line
2 50 >\ |maginary part Ficain - and a sinuous mean-
-100 e der Archimedean spiral
-150 z i | line, both the lines are
-200 |- R e L T of the same width.
R e 9 10 | The exponential spi-
Remsre ral line is defined

4. These plots show the input impedances for a typical ARSA  byEq. 3:

and for the proposed antenna, from DC to 10 GHz.
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MINIATURE SPIRAL ANTENNA

Antenna structural parameters at a glance

Parameter

217

; 'Value .

mm/rad

where:

1 = the original radius;
a; = the spiral constant; and
¢ = the winding angle.
The sinuous meander Archimedean
spiral line is given by Eq. 4:

r=ia ((p—(p])ﬂq +m(1+sin(mp)) 4)

where:

r; = the final radius of the exponential spi-
ral line;

a, = the spiral constant;

m = the amplitude of the sine wave;

n = angular frequency of the sine wave;
and

¢, = the final winding of the exponential
spiral line.

In terms of computer modeling, the
final winding angle of the Archimedean
spiral line is ¢,.

To achieve a Z; /Z, value that is close to
the ideal 1, the parameters above should
be carefully tuned. The structural param-
eters of the antenna have been collected
in the table. The antenna arm is 1 mm
wide and the final radius of the antenna is

Figure 4 shows plots of input imped-
ance for the EARSA and for a typical ARSA
with the same initial radius, Archimedean
spiral constant, and final radius, demon-
strating the low impedance characteristic
of the proposed structure. The input im-
pedance and the characteristic imped-
ance at the balanced port of the ETMB
can be set to 50 Q. As indicated by Fig. 2,
it is reasonable to feed the antenna with a
10-mm-long ETMB; a plot of S;; for a in-
tegrated model of the EARSA (not shown)
reveals that S;; is below -10 dB from
0.8 to 8.6 GHz.

The large reflection at frequencies to
8.6 GHz should be linked to the large in-
ductance that is almost the same to the
real part of the impedance, as shown in
Fig. 4. A measured radiation pattern at 0.8
GHz (not shown) demonstrates that the
balun has excellent characteristic of un-
balanced-balanced mode transformation,
even if it is only 0.027 times as long as the
wavelength at 0.8 GHz.

The measured S-parameters (not
shown) indicate that S,, is greater than —2
dB for evaluation frequencies from 0.5 to
10 GHz. Considering the loss of the SMA
connector and the double length of the
balun, the ETMB should perform well in
any impedance conversions and unbal-
anced-balanced mode transformations

41.5 mm. between 0.5 and 10 GHz.
7 7
6 5 5. These curves
50 5 represent the
4 4 measured
i i broadside axial
% 2 2 m - I
o B ratio and gain for
i) | !
§ ol 15 5 the spiral antenna.
= 3
< i
=20 =9
8 -3
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MINIATURE SPIRAL ANTENNA

The EARSA was etched on a 1-mm-
thick substrate with permittivity of 4.3.
To achieve unidirectional radiation, a
10-mm-deep cavity filled with absorber
material reinforces the back of the anten-
na (Fig. 1). The radius of the packaged an-
tenna is 50 mm, while the height is 10 mm.

The antenna’s reflection coefficient
was measured with a commercial micro-
wave vector network analyzer (VNA). The
results (not shown) indicate good per-
formance between 0.8 and 9.4 GHz. The
lowest measured operating frequency
compares to the simulated results, with
the measured reflection coefficient at the
highest operating frequencies in excess of
the simulation result due to the effects of
the absorber material. Figure 5 shows the
gain and broadside axial ratio as measured
at discrete frequencies in an anechoic
chamber. Figure 6 shows the radiation
patterns in mutually perpendicular planes
at several frequencies. The measured re-
sults indicate that the EARSA works well
from 0.8 to 9.4 GHz, with reflection coeffi-
cient ofless than —10 dB and broadside ax-
ial ratio of less than 3 dB. Compared with
a typical ARSA working at the same low-
est frequency, the EARSA offers a 78.62%
reduction in area. It boasts a profile that
is only 10 mm deep, or only about 0.027
times the physical wavelength at 0.8 GHz.

In summary, a new type of ARSA, the
EARSA, was designed with low input im-
pedance and a shallow cavity. The input
impedance of a standard ARSA can be
decreased by adding a controlled-width
exponentially spiral line which is charac-
terized by impedance conversion. Simu-
lated and measured results show that this
structure significantly reduces the input
impedance of the ARSA. As a result, an
EARSA developed with a short, 10-mm-
long ETMB was fully capable of handling
the impedance conversion and unbal-
anced-balanced mode transformation
required.

The miniaturized EARSA works well
from 0.8 to 9.4 GHz, with a profile only
0.027 times as long as the free-space wave-
length of a 0.8-GHz signal. The antenna
features a 78.62% reduction in area com-
pared to a standard ARSA with the same
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MINIATURE SPIRAL ANTENNA

low-end frequency, achieved by meander-
ing the Archimedean spiral lines. MWRF
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CMOS LNA Serves
Flat Gain To 5 GHz

Fabricated in a commercial semiconductor process, this
low-noise amplifier uses current-reuse techniques to achieve high

gain from 3 to 5 GHz for UWB applications.

MPLIFICATION IS an important part of any communi-
cations system, and particularly challenging to achieve
in broadband and ultrawideband (UWB) communica-
tions. To serve those applications, the authors designed
a broadband amplifier capable of flat gain from 3 to 5 GHz using
a commercial 0.18-um silicon CMOS semiconductor process. A
shunt inductor was used for flat gain and wideband impedance
matching, along with a common-gate structure for the input
match and a source follower for the output match. Current-reuse
helped boost gain while minimizing power dissipation.

The proposed low-noise amplifier (LNA) operates from a
+1.8-VDC supply and delivers 21.83-dB power gain with only
0.15-dB variation. The average noise figure is 5.4 dB while the in-
put-referred output power at 1-dB compression is —~19 dBm. The
LNA achieves input and output reflection coefficients of —13.3
and -19.5 dB, respectively.

The drive for increased data is encouraging the spread of UWB
communications systems across the 3.1-to-10.6-GHz range, with
alow band from 3.1 to 5.0 GHz and a high band from 6.0 to 10.6
GHz.! An LNA is a key component in these systems, and must
provide flat gain across these wide frequency ranges with good
linearity and low noise figure. Silicon CMOS technology provides

i

2. This is a small-signal equivalent-circuit version of the LNA,
which incorporates loaded parastics over device M2 for the
amplifier stage.

one avenue for achieving these LNA attributes—in this instance,
utilizing the commercial foundry of Taiwan Semiconductor
Manufacturing Company Ltd. (TSMC; www.tsmc.com).

The proposed LNA incorporates a common-gate input match-
ing circuit, common-source amplifier stage with

VDD

shunt inductor, and current-reuse topology (Fig.
1). The combination of structures and its biasing

M4
—] Fi—()/ms
R

f

_Ms_”:

200/0.18

circuit contribute to its high, flat gain. The circuit
was designed and simulated based on TSMC's
0.18-pm RF CMOS process.
The cascade structure helps provide high
i gain, even with the lower gain of the common-
v gate first stage. As shown in Fig. 1, transistor M,
provides high gain, while transistor Mj helps
reduce the Miller effect induced by gate-drain
capacitor Cgq on M,. This decreases interactions
between the output and input ports and contrib-

ute to higher gain and better frequency response.

1. This block diagram shows the components used in the UWB LNA circuit.

72

Figure 2 provides a small-signal equivalent cir-
cuit with loaded parasitic circuit elements for M.
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ementary diagram of the resistor shunt-
feedback structure shown in Fig. 3(a).
According to that diagram, the input im-
pedance can be expressed as:

Zin=Rp/(1+A)

From Fig. 3(b), transistor M, and lead

bias vV

v resistor Ry account for the forward gain, A.
In addition, the inputimpedance (Zy,), the
voltage gain (Ay), the noise factor (F), and
the —3-dB bandwidth (BW _343) in Fig. 3(b)

can be approximated by:

ff=csife

3. These diagrams show (a) the basic LNA
and (b) a resistor shunt feedback structure.

The cascade stage contributes to inductive shunt peaking to
enhance LNA bandwidth.? The shunt peaking inductance and
parasitic capacitance Cp; in the drain of transistor M; work at a
harmonic frequency of 4 GHz, according to the relationship:

0 =1/(Lp2Cps)

From Fig. 2, the transfer function of this stage can be present-
ed as follows:

L
v, 21 sR i e
% =Bm2 X (gmz T3 T )‘I/ Igz C 1
2 LpCps + VLZTB}’ i sz

To reduce the parasitic capacitance, the size of device M3 can
be reduced. The low resistance, Ry,, at about 55 Q, can result in
flat gain over the full band from 3 to 5 GHz.

Earlier work® detailed a relationship between transistors M,
and M; capable of reducing the noise figure. In this relationship,
the width of the cascoding transistor, M3, is chosen to be three
times less (this ratio may vary slightly during computer simula-
tions) than that of input transistor M,. In the current report, the
width of transistor M, is 200 pm while the width of M3 is 60 pm.

An increase in amplifier gain usually comes at a cost of
higher dissipated power. But the current-reuse technique can
increase gain without an increase in power dissipation. As Fig.
1 indicates, a type

= of current-reuse ap-
So.-lwvc‘\ J_ @ J_ g proach was adopted
g Cos for this LNA design.

The configuration is
based on the resis-
tor shunt-feedback
structure shown in
Fig. 3(b), with an el-

G

4. This is a small-signal equivalent circuit
of the LNA.

Miennwavee2RE | vicit www mwrf com

5. This is the bias circuit used with the LNA.

: Rf +r, /IR,
T ol g (n/R)

4, = _gm(Rf//Rl//rds)

+f§5—(l+

R,

=2

R, +R
(1+ng,)&)

y 1

Felt+—+
R.vgm RsRigm

BW_}dB —~ R é i gm (Rl/‘/rds)
C.. (R, +R[Ir,)C

gst gsl

For increased voltage gain and improved noise factor, feed-
back resistor R¢ should be increased, which will decrease the
bandwidth. In such a case, the current-reuse configuration is
used to achieve improved gain and noise factor. By stacking both
NMOS and PMOS transistors—that is, by employing the current-
reuse method shown in Fig. 1—the overall equivalent transcon-
ductance of the circuit is changed from simply g,y to the combi-
nation of the two devices, gy + 8np- This increases the voltage
gain and results in wider bandwidth for the LNA.*

For maximum power transfer and minimal reflections, the
input impedance of the first-stage cascade amplifier should
be impedance matched with the source impedance, Rg = 50
Q. The most common matching circuits for this purpose are
inductance-capacitive (LC) network matching and common-
gate-stage matching. For good power matching and wideband
noise characteristics, broadband input impedance matching
can be accomplished by an input common-gate stage or
1/g termination.

The noise performance of an LNA is dependent on the quality
of its input impedance matching, so optimized noise character-
istics for the amplifier should be calculated. This involves adopt-
ing an optimal relaxation factor, Wpp in the power consump-
tion limit. Parameter W,,p can be approximated by:

1

W Liesum
i ol
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CMOS LNA

where Cox = €gx/Tox Rs =50 Q; w = 4
GHz; and COX can be calculated based on
TSMC'’s 0.18-pm CMOS process.

An approximation of Wy,p with ef-
fective results is 165 pm. A small-signal
equivalent circuit for a common-gate
stage with an input inductor, Lg;, is shown
in Fig. 4. After neglecting the loading ef-
fects of the other amplifier stages, the in-
put impedance can be simplified as:

1

- (g”11 +sC,, )

=
s

where:

gm1 = the transconductance of M;, and
Cgs1 = gate-to-source capacitance of M.

As the frequency increases, the input
impedance is close to 1/g,,;, which dom-
inates the magnitude of input imped-
ance Z;, during operation at gigahertz
frequencies. The input inductor (Lg;)
matches with the source impedance of
50 Q, while the load resistance (Ry ;) sup-
plies the bias voltage to the second stage
of the LNA.

Neglecting induced gate noise, the
noise factor of the basic LNA is given by:

F=1+(y/a)

where y and o represent empirical pro-
cess- and bias-dependent parameters,
respectively. The noise figure, which is
higher when induced gate noise is taken
into account, is above 4.8 dB for short-
channel devices and will be significantly
worse at higher frequencies.’

The biasing circuits for the LNA are
shown in Fig. 5. The bias voltage can be

11
o | M,(3.006 GHz, el 1 GMOS
5.497 dB) | M, (4.996 GHz, L alniany, d
@ 9 TV —_~5308d8) | | LNA was developed for
T M,(4.271 GHz, | ' :
° g . 5556 dB) use in UWB systems. It
3 ;
2 employs active input and
% ¢ output impedance match-
% ing and a shunt inductor
] for flat gain from 3 to 5
5 : : r . ; :
0 1 2 3 4 5 6 7| GHz. Implemented in a
@ 2 sl b standard 0.18-pym CMOS

process, the LNA achieves

+30 o
Compression |

+20

Input—reférred 1-dB compression =
-19.0247 dBm first order

+10

First-order frequency = 4 GHz

an average power gain of
21.8 dB, -19 dBm output
power at 1-dB compres-
sion, minimum noise fig-
ure of 5.26 dB, with input
and output impedance
matching of -13.3 and
-19.5 dB, respectively.
While its noise figure is

Output power at 1-dB compression—dBm

-20
Input power—dBm

high, the amplifier pro-
vides advantages of good

0

6. This is a layout of the proposed LNA.
calculated by the following relationship:
Vbias = Ron/(Ron + Rref)

where R, = 1/g,.

The proposed 3-to-5-GHz CMOS LNA
was simulated with Spectre RF from Ca-
dence Design Systems (www.cadence.
com) based on parameters for TSMC’s
0.18-um CMOS technology. The amplifi-
er’s input and output impedance match-
ing are good: less than -13.3 and -19.5
dB, respectively, with power gain (S,;)
from 21.67 to 21.97 dB from 3 to 5 GHz.

Figure 6 shows the layout for the pro-
posed LNA circuit, which occupies an
area of 0.473 mm?.

Comparing the LNA with other results

Process

Reference S11(dB) S, (dB)

This work

Noise
figure (dB)

5.26 - 5.50

Pyap

21.67 - 21.97

13.53-15.91
iy i

10.5-12.5 4.45 - 9.00

Power (mW)

47 @ +1.8 VDC
60 @ +1.8 VDC

28 @ +1.4 VDC

input/output impedance
matching and broadband
gain flatness. MWRF
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ApplicationNotes

OPTIMIZE TESTING
OF MULTI-STANDARD
RADIO DEVICES

% ASE STATIONS HAVE faithfully evolved as cellu-
. lar telecommunications networks migrated from
% second- to third-generation (2G to 3G) technolo-
gies. As cellular networks migrate to 3.9G or even fourth-
generation (4G) technologies, however, base-transceiv-
er-station (BTS) transmitters must be reinvented. From
what was originally a single-carrier, narrowband design

for 2G GSM/TDMA networks, they evolved into multi-
|| carrier wideband designs (3/3.5G) and now will have to
transition to a software-defined-radio (SDR) architecture.
In a five-page application note, Agilent Technologies
provides guidance on how multi-standard-radio (MSR)

base-station transmitter devices can be tested quickly,
accurately, and efficiently.

Titled “Solutions for Testing Multi-Standard Radio Base
Stations,” the note explains that next-generation base-
station transmitters and receivers will support wider band-
widths. In addition, they will include multiple carriers (MCs)

of a single radio format as well

as multiple formats in one trans- | et GBI It ICel
Inc., 5301 Stevens

mitter path. For example, the Creek Blvd., Santa

MSR base station can simulta- Clara, CA 95051;
- . (877) 424-4536,

neously transmit different ra- www.agilent.com

dio-access technologies (RATSs)
from a single unit. While such capabilities will drive down

conformance testing of MSR base stations in accordance
with the 3GPP Release 9 (TS37 series) standard.

The TS37 document covers the MSR MC combina-
tions of 3GPP frequency-division-duplexing (FDD) and
time-division-duplexing (TDD) formats. Transmitter con-
formance tests have to be performed under MSR MC al-
locating scenarios. The document defines MSR RF test
requirements by specifying measurement of the follow-
ing when testing MSR MC-active configurations: channel
power, error vector magnitude (EVM), frequency error,
spurious emissions, and spectrum emission mask (SEM).

To provide a realistic use scenario, base-station manu-
facturers may also want to test each single-format single
carrier. Such testing calls for measurement of the adja-
cent-channel leakage ratio (ACLR), occupied bandwidth,
and time alignment between transmitter branches. The
note provides details of how all of this testing can be done
in an optimized manner using signal analyzers and vec-
tor-signal-analyzer (VSA) software. With the accurate and
efficient testing of MSR base-station transmitter devices,
the note emphasizes that it is possible to ensure their suc-
cessful deployment.

base-station cost and size, they also invite a challenge: the |
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EXPECT AN UPSURGE
IN AUTOMOTIVE ASSISTANCE
AND SAFETY FEATURES

UTOMOTIVES INCLUDE AN increasing number of safety

features. Like the airbags based on microelectromechanical

ystems (MEMS), most of these safety features are electronic
in nature. And an increasing amount of these safety innovations are
rooted in RF and microwave engineering. Freescale Semiconductor
looks at where the market for automotive safety features currently
stands and the technologies that are currently shaping them in a five-
page white paper dubbed, “Automotive Safety Innovations: When
Will Zero Fatalities Become a Reality?”

The paper begins by explaining the need for such features. Road
deaths are currently the number-one cause of death for young people
worldwide. With the economic cost of automotive deaths estimated at
close to $100 billion per year for developing countries, the document
points out that making vehicles safer

isan economic imperative aswell asa  |SICEEIERITGI LTI (14
Inc., 6501 William Cannon
Dr. West, Austin, TX 78735;
optimal way to improve vehicle safe- www.freescale.com.

ty. In developed countries, fatalities
have already been greatly reduced by airbags and active safety systems
like electronic stability control and radar.

One of the fastest-growing safety application areas is advanced
driver assistant systems (ADASs). They require state-of-the-art, cost-
effective RF technology that can be embedded in the vehicle. To make
the system efficient and reliable for the driver, great computation pow-
er also is needed. This document provides a very helpful overview of
ADASs and where they currently stand.

ADAS features can be divided into comfort and active categories.
Among the comfort ADASs are applications that provide warnings
or information for the driver, but do not adhere to ISO 26262 safety
requirements. They include blind-spot detection using short-range
radar; lane detection; and parking assistance using multiple cameras
with a panoramic view and potentially ultrasonic technologies.

In contrast, active ADASs are standalone, autonomous systems that
actively influence the car. They have high functional safety require-
ments on a system—not a sensor—level. Among these applications
are adaptive cruise control using long-range radar and lane keeping,
which performs active steering using a front-view camera. In addition,
collision-avoidance systems provide full-stop emergency braking us-
ing a fusion of long-range radar and a front-view or stereo camera.

In the collision-warning system from Freescale, for example, a 77-
GHz silicon-germanium (SiGe) chipset transmitter emits signals that
are reflected from objects ahead of the vehicle—as well as to the side
and rear of it. These signal reflections are captured by multiple receiv-
ers integrated throughout the vehicle. The radar system can detect and
track objects in the frequency domain, warn the driver of an imminent
collision, and initiate electronic-stability-control intervention. The
document closes by sharing Freescale’s vision of automotive safety:
each car being its own small network, with systems exchanging infor-
mation about everything from road conditions to tire pressure. These
in-car networks will become elements of a larger network of vehicles.

moral one. Electronic systems are the
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High-powered performance, across wide frequency ranges.
These class A 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, and 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!

Mini-Circuits...we’re redefining what VALUE is all about!

ISO 9001

M“dlz The Design Engineers Sea.

U.S. Patents

Model
( with heat sink/fan*)

LZY-22+
ZHL-5W-1

® ZHL-100W-GAN+

® ZHL-50W-52

® ZHL-100W-52
LZY-1+

® ZHL-20W-13+

® ZHL-20W-13SW+
LZY-2+

NEW ZHL-100W-13+

ZHL-5W-2G+
ZHL-10W-2G
ZHL-30W-252+
ZHL-30W-262+
ZHL-16W-43+
ZVE-3W-83+
ZVE-3W-183+

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

Frequency

(MHz)
0.1-200
5-500
20-500
50-500
50-500
20-512
20-1000
20-1000
500-1000
800-1000
800-2000
800-2000
700-2500
2300-2550
1800-4000
2000-8000
5900-18000

Gain

(dB)

Pout @ Comp. $ Price (Qty. 1-9)

1dB 3dB with  without*

(W) (W) heat sink  heat sink
16 32 1495 1470
8 11 995 970
Fheh P AT iel] 2395 2320
40 63 1395 1320
63 79 1995 1920
37 50 1995 1895
13 20 1395 1320
18 20 1445 1370
32 38 1995 1895
79 100 2195 2095
5 6 995 945
10 13 1295 1220
29 40 2995 2920
20 32 1995 1920
13 16 1595 1545
2 3 1295 1220
2 3 1295 1220

*To order without heat sink, add X suffix to model number (example: LZY-22X+).
® Protected under U.S. Patent 7,348,854
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HITTITE MICROWAVE CORP.

2 Elizabeth Dr., Chelmsford, MA 01824;
(978) 250-3333, FAX: (978) 250-3373,
www. hittite.com

ownconverter with in-
tegrated VCO and syn-
thesizer circuitry, while
model HMC1197LP7FE
is a direct modulator
also with synthesizer

and VCO circuitry.
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2. This plot shows input IP3 performance as a function of
frequency for the HMC1190LP6GE dual downconverter.
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. Transceiver ICs
Energize Widetoand
Infrastructure

These dualchannel downconverter and direct-
guadrature-modulator devices both feature flexible
integrated frequency-synthesizer and oscillator
circuitry and broad bandwidths.

WIRELESS SERVICE PROVIDERS face an ever-increasing demand for ca-
pacity on their networks, due to handheld devices that can process voice,
data, and video. Not only must wireless infrastructure architects implement
versatile systems using multiple data standards and frequency bands, but

they must do so while occupying as little space and power as
possible. To keep pace with the needs of infrastructure design-
ers, Hittite Microwave Corp. (www.hittite.com) has developed
a new receiver and transmitter integrated-circuit (IC) chipset
suitable for a wide range of cellular applications, from femto-
cells to macro base stations. The chipset features the model
HMC1190LP6GE dual-channel downconverter, with integrated
fractional-N phase-lockloop (PLL) synthesizer and voltage-con-
trolled oscillator (VCO), for use with receivers. Also included is
the model HMC1197LP7FE direct quadrature modulator, with
fractional-N PLL frequency-synthesizer circuitry and VCO, for
use with transmitters.

The two new ICs (Fig. 1) combine for efficient low-power op-
eration over wide bandwidths, supporting a wide range of wireless
communications standards. The HMC1190LP6GE downconverter
IC, for example, covers an RF range of 700 to 3500 MHz, with typical
power dissipation of only 2.34 W. But power consumption can be
reduced further by means of external bias control pins, which allow
high-speed optimization of power consumption under changing
operating environments. This externally controlled enable/disable
feature—combined with RF and external LO ports matched to 50
Q—make it possible to dynamically reduce power consumption as
conditions allow.

With its integrated VCO and frequency-synthesizer circuitry,
the HMC1190LP6GE is designed to provide excellent third-order-
intercept (IP3) performance, as well as outstanding control of 2 x 2
spurious products. The HMC1190LP6GE supports both high- and
low-side LO frequency conversion plans across its full bandwidth.
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Pick your parameters, and meet your needs at Mini-Circuits!  Our catalog models are in stock and ready to ship, so why
With over 20 low noise/high linearity amplifier models to  wait? Go to minicircuits.com for all the details, from data sheets,
choose from, you’ll likely find the output power, gain, DC  performance curves, and S-parameters to material declarations,
current, and broad bandwidths required to upgrade almost any  technical notes, and small-quantity reels—as few as 20 pieces,
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TRANSCEIVER ICs

It incorporates a single-
ended input port, with

: +20 Output IP3

inputs converted to [\

differential signals by | 3 +10f —
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(balun) circuit.
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3. The HMC1197LP7FE
direct modulator IC
features excellent
dynamic range
performance across

its frequency range.

This approach al- - Ei an internal VCO, its ex-
lows for a variety of LO -20 Low -170 ternal VCO input port al-
input/output (I/O) con- GRS '\H"izcr’]i“m lows it to lock to external
figurations, including . Max. b sources, enabling cas-
a differential LO input | 40 T -190 caded LO architectures

{ 0 1000 2000 3000 4000

for use with an external

VCO and a differential
LO output port. The latter a]lows a user
to drive multiple receiver and transmitter
frequency converters using just a single
HMC1190LP6GE dual downconverter IC.
The HMC1190LP6GE'’s RF input port and
external LO input port are both imped-
ance matched to 50 Q.

The HMC1190LP6GE incorporates a

Frequency MHz

at900 MHz. A summary of its performance

can be found in Table 1.

The HMC1190LP6GE downconverter
IC is ideal for diversity receivers in third-
generation (3G) and fourth-generation
(4G) cellular systems, as well as in mul-
tiple-input, multiple-output (MIMO) re-
ceiver architectures. Although it includes

for MIMO applications.

Two separate charge-
pump outputs enable separate loop filters
optimized for both the integrated or exter-
nal VCOs, with seamless switching pos-
sible between external and internal VCOs
during operation for dynamically opti-
mized performance. In addition, program-
mable RF output phase control makes
possible phase adjustments and synchro-

passive mixer core with high linear-
ity and high-linearity intermediate-
frequency (IF) amplifiers to achieve
its excellent frequency-downcon-
version performance. It boasts RF-
to-IF isolation of typically better
than 45 dB, with LO leakage at the RF
port of typically only -55 to -60 dBm.
The 2 x 2 spurious products are con-
trolled to —-70 dBm, while channel-
to-channel isolation of 50 dB on the
downconverter help simplify filter-
ing requirements. The dual down-
converter delivers a wide dynamic
range for a wide range of wireless
standards. High input IP3 (IIP3) per-
formance reaches +24 dBm for fre-
quencies to 3500 MHz (Fig. 2). At the
other end of the dynamic range, low
noise figure of 9 dB enables the HM-
C1190LP6GE to contribute to excel-
lent receiver sensitivity, meeting the
most demanding wireless receiver
applications.

Additionally, the HMCI1190LP-
6GE dual downconverter provides
conversion gain that ranges from
6.2 dB at 2700 MHz to 8.4 dB at 900
MHz. It exhibits input 1-dB com-
pression at power levels of +12 dBm
at2700 MHz and typically +10.7 dBm
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Table 1: The HMC1190LP6GE
downconverter IC at a glance

At RF = 900

Parameter
Conversion gain (dB)
Input 1-dB

compression (dBm)

Channel-channel
isolation

MHz
8.4

+10.7

At RF = 2700
MHz

6.2

+12

-48 dBc

Table 2: The HMC1197LP7FE direct
quadrature modulator IC at a glance

Parameter
Output power (at 1-dB

comp.)
(dBm)

RF port return loss (dB)

Carrier feedthrough (dBm)

450-960
MHz

+0.4

45

3400-4000
MHz

12

nization of multiple HMCI1190LP-
6GE ICs in MIMO and phased-array
beam-forming systems.

The HMC1190LP6GE downcon-
verter provides a configurable LO
output mute function and an “ex-
act frequency mode” in which the
IC’s fractional-N frequency synthe-
sizer circuitry can be programmed
to generate fractional frequencies
with 0-Hz frequency error. Another
powerful function is the capabil-
ity to change frequencies without
changing the phase of the output
signal, which can greatly boost the
efficiency of digital-predistortion
(DPD) loops. The multifunction
HMC1190LP6GE IC is housed in a
RoHS compliant 6 x 6 mm leadless
QFN package.

On the transmitter side, the mod-
el HMC1197LP7FE direct quadra-
ture modulator also covers a broad
frequency range, suitable for deliv-
ering digital modulation to wireless
systems from 0.1 to 4.0 GHz [in-
cluding 3G and 4G cellular, broad-
band wireless access (BWA), and
Industrial-Scientific-Medical (ISM)-
band applications]. Table 2 pro-
vides a sample of its performance.
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4. This is an example of a wideband direct-conversion transmitter based on the

HMC1197LP7FE direct modulator IC.

The low-noise direct modulator requires
minimal external components and serves
as a low-cost alternative to more compli-
cated double-upconversion modulation
approaches. Figure 3 highlights the wide-
band, high linearity performance of the
HMCI1197LP7FE. The highly integrated
modulator/PLL/VCO delivers +10 dBm
and better than +30 dBm output IP3 across
all cellular infrastructure frequency bands
from 400 to 4000 MHz. In addition, the low
output noise floor (as low as —160 dBm/
Hz) helps to maintain excellent signal-to-
noise ratio for modulated signals.

The single-ended RF output port is
matched to 50 Q with no external com-
ponents, while the auxiliary LO output
enables the HMC1197LP7FE to distribute
identical frequency and phase signals to
multiple destinations within a transmit-
ter or receiver. An integrated program-
mable-bandwidth lowpass filter (LPF) in
the LO path ensures little or no LO con-
tribution to modulator sideband rejec-
tion. Sixteen programmable LPF
bands enable true wideband
operation, eliminating the need
for band-specific harmonic fil-
tering hardware and allowing
agile LO frequency filtering for
different band plans during and
after deployment.

Figure 4 offers an example of
how the HMC1197LP7FE direct
modulator and various other
ICs can be used to assemble a
complete transmitter for cel-
lular communications applica-
tions. Differential in-phase (I)

Normalized phase noise—dBc/Hz

-200

-210

—220

-230

—-240

C900LP5E baseband tunable lowpass
filter and model HMC960LP4E digital
variable gain amplifier (VGA) (both also
from Hittite) to remove unwanted har-
monic content, as well as to set I and Q
signal strength. These differential signals
are then fed to the HMC1197LP7E direct
modulator, which requires only a power
supply and crystal reference oscillator to
then generate virtually any modulation
format in any cellular frequency band.
Figure 5 shows the PLL section com-
mon to both the HMC1190LP6GE down-
converter and the HMC1197LP7FE mod-
ulator. The PLL section features a low
figure-of-merit (FOM) noise floor of —227
dBm/Hz in fractional-frequency mode
and -230 dBm/Hz in integer-frequency
mode. The integrated root-mean-square
(RMS) jitter is less than 150 fs. The modu-
lator’s internal VCO circuitry can generate
frequencies from 50 to 4100 MHz, while
the PLL circuitry also accepts external
VCO signals. This allows both the HM-

C1190LP6GE and the HMCI1197LP7FE
ICs to lock to external VCOs and enables
cascaded LO architectures for MIMO ra-
dio applications.

The PLL section’s integrated phase
detector and delta-sigma modulator can
operate to 100 MHz, permitting frequency
synthesis with wide loop bandwidths and
excellent spurious performance. In the
HMC1197LP7FE modulator—as well as
the HMCI1190LP6GE downconverter—
two separate charge-pump outputs en-
able separate loop filters for both the inte-
grated and external VCOs, with seamless
switching between internal and external
VCOs. Also, the HMC1197LP7FE modula-
tor, like the HMC1190LP6GE, can phase-
adjust and synchronize multiple transmit
and receiver ICs from Hittite for scalable
MIMO and beam-forming architectures.

The PLL/VCO section in the HM-
C1197LP7FE shares the other features
of the HMC1190LP6GE’s PLL/VCO sec-
tion, including VCO mute control, syn-
chronously changing frequency without
changing phase, and the capability to
generate fractional frequencies with 0-Hz
frequency error. The HMC1197LP7FE di-
rect modulator is housed in a compact 7 x
7 mm (LP7) surface mount QFN package.

The HMC1190LP6GE and the HM-
C1197LP7FE ICs feature stable perfor-
mance over a wide temperature range,
from -40 to +85°C. Their high levels of in-
tegration help simplify many wireless and
cellular receiver and transmitter system

designs at the infrastructure

TypICa| FOM versus offset

FOM 1/ noise

| g

; FOM ﬂoor

level, and their programma-
ble power-consumption con-
trol helps “modulate” operat-
ing expenses for wireless base
stations. In addition, with the
broad frequency ranges cov-
ered by both of these ICs, one
device can be used for a wide

variety of different communi-

B cations standards. MWRF
1_00 s — - | | HITTITE  MICROWAVE  CORP.
10 10 10 :
Rty atisetl i 2 Elizabeth Dr., Chelmsford,
MA 01824; (978) 250-3333,

and quadrature (Q) input signals 5. ThIS isa flgure of merit versus frequency for the PLL/VCO section FAX: (978) 250-3373, www.

are applied to the model HM- integrated into the HMC1190LP6GE and HMC1197LP7FE devices.
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hittite.com.
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Soffware Simplifies
RF/Microwave Testing

Software and computer programming are playing larger roles
in RF/microwave measurements, with electronic devices and
systems moving to more complex signal and modulation formats.

AKING A high-frequency
measurement once involved
a rack full of instruments and
the knowledge to use it. It still
involves the rack, although the shapes and
the sizes of the instruments are chang-
ing. And some of the knowledge can now
be found in the form of software, written
to guide engineers through tests ranging
from the conventional to the esoteric.

Measurement software for RF/micro-
wave applications comes in many forms
and for many applications—including for
performing measurements according to
communications protocols, such as IEEE
802.11 for wireless local area networks
(WLANs), for electromagnetic-compat-
ibility (EMC) analysis, and for spectral
analysis of operating environments.

Any review of measurement software
should probably start with LabVIEW from
National Instruments (www.ni.com) due
to its widespread use in the industry. The
latest version of the software, LabVIEW
2012, features improved stability and
analysis power, numerous added toolkits,
including a biomedical toolkit, templates
to help users get started by working with
a proven system configuration, and a host
of new analysis and simulation capabili-
ties. The software in its many versions is
written for the Microsoft Windows® op-
erating system and designed for use with
the firm’s many modular software-define-
radio (SDR) test instruments, as well as in-
struments from other manufacturers.

For engineers working in specific ar-
eas, LabVIEW offers numerous toolkits
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and measurement suites devoted to test
products in a particular technology—such
as the NI WLAN generation toolkit, analy-
sis toolkit, and measurement suite—for
physical-layer measurements on IEEE
802.11a/b/g wireless-local-area-network
(WLAN) designs. When teamed with
National Instruments’ models NI PXle-
5663 vector signal analyzer (VSA) and NI
PXIe-5673 vector signal generator (VSG),
the software can perform a wide range of
measurements on both WLAN semicon-
ductors and fully integrated devices and
systems. These include error vector mag-
nitude (EVM); frequency offset; in-phase/
quadrature (I/Q) gain imbalance; quadra-
ture skew; carrier suppression; spectral
flatness; and gated power levels. The
measurement suite includes the NI WLAN
Analysis Toolkit for RF VSAs and the NI
WLAN Generation Toolkit for RF VSGs.
For spectral analysis, the NI Spectral
Measurements Toolkit can control such
measurements as power spectrum, peak
power and frequency, in-band power,
adjacent-channel power, and occupied
bandwidth. It is a suite of programs for
use within LabVIEW as well as in LabWin-
dows/CVI measurement development
software. It can also provide three-dimen-
sional (3D) spectrograms of results. This
software can work with the PXI-5660 RF
VSA, digitizers, and other modular instru-
ment hardware from a variety of suppli-
ers. The Spectral Measurements Toolkit is
designed to perform modulation-domain
functions such as converting digitally
modulated in-phase (I) and quadrature

(Q) signals to intermediate frequencies
(IFs), as well as generating and analyzing
analog modulated signals.

Agilent Technologies (www.agilent.
com) recently announced that it had en-
hanced its model N7609B Signal Studio
for Global Navigation Satellite Systems
(GNSS) software, intended for simulation
of Galileo signals for receiver testing. The
software can now coordinate real-time,
multiple-satellite simulations for the Eu-
ropean Galileo satellite system, a naviga-
tion constellation similar to the US Global
Positioning System (GPS).

The Signal Studio software for Galileo
testing can generate signals that simulate
signals from Galileo satellites, or else a
combination of Galileo, GPS, or even Rus-
sian GLONASS navigation satellites. Us-

1. The R&S ESxS-K1 EMI measurement
software provides numerous features that

simplify the capture of peak power levels
during testing. [Photo courtesy of Rohde
& Schwarz (www.rohde-schwarz.com).]
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TEST SOFTWARE ROUNDUP

ers can create different signal scenarios
based on the locations of satellite at dif-
ferent dates and times, for the purposes
of evaluating satellite-positioning chip-
sets and other products. Chipsets and
other hardware are being introduced
for this system, which is expected to be
completed in 2019.

Signal Studio is a Windows/Win-
dows NT program that works with the
firm’s modular test hardware to pro-
duce a wide array of test and simula-
tion signals—including for fixed and
mobile WiIMAX; WLANSs; Bluetooth;
cellular communications; and detec-
tion, positioning, and tracking applica-
tions. For example, the software simplifies
pulse building. This allows users to pre-
cisely define all pulse parameters, such as
frequency, phase, pulse repetition interval
(PRI), pulse width, and even with chirp
and other intra-pulse modulation.

The company also offers more special-
ized test programs, such as the Agilent
PDQ-WLR™ test and analysis software
for wafer-level-reliability (WLR) testing
and analysis on Windows NT and HPUX
computer platforms. The test software
has more than 30 WLR algorithms and
can evaluate all major semiconductor reli-
ability failure mechanisms. The software
can also coordinate post-test statistical
and physical analysis of the data taken
during testing.

Rohde (www.rohde-
schwarz.com) also offers some specialized
test software packages, including its R&S
ESxS-K1 electromagnetic-interference
(EMI) measurement software. The soft-
ware is written for the company’s wide
range of measurement receivers; it helps
simplify measurement setup, data cap-
ture and display, and test data analysis.
On-screen color displays can include limit
lines, while using automatic data reduc-
tion to remove unneeded results. The
software includes many helpful functions,
including a zoom feature for closer looks
at displays, automatic peak search, and a
worst-case function to find the maximum
hold level (Fig. 1).

In tune with emerging needs, the firm
also has created the R&S FS-K112PC near-

& Schwarz
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2. The MT8860C WLAN test set combines hardware
and software for production-line testing of WLAN
transmitters and receivers. [Photo courtesy of

Anritsu Co. (www.anritsu.com).]

field-communications (NFC) measure-
ment software to characterize the RF pa-
rameters of signals from devices equipped
with NFC capabilities. The software is
written for use with the firm’s FSV/FSL se-
ries spectrum analyzers and its RTO fam-
ily of digital oscilloscopes. The software
provides automatic detection of NFC-A,
NFC-B, and NFC-F transmission meth-
ods or can be preset for testing any one of
the configurations.

The latest version (Version 5) Auto-
mated Tuner System Software from Maury
Microwave (www.maurymw.com) is easy-
to-use device characterization software
in spite of its functional power. Written
for Windows XP and Windows 7 operat-
ing systems, the software works with the
firm’s impedance tuners and additional
commercial signal generation and analy-
sis test hardware to measure an extensive
list of device parameters. These include
gain, noise figure, power, efficiency, inter-
modulation distortion, adjacent-channel
power ratio, error vector magnitude, and
harmonics. It can also export test results
into the Advanced Design System (ADS)
simulation software suite from Agilent
Technologies for modeling and simula-
tion. This latest version simplifies imped-
ance-tuner control with a new graphical
user interface (GUI). It also provides a new
means of performing cascaded load-pull
measurements without need of diplexers
or triplexers.

Teseq (www.teseq.com), which spe-
cializes in EMC compliance emission and
immunity software, has created its Com-

pliance 5 software based on expertise
and experience. With an extensive
driver data base available on the firm’s
website, the software supports more
than 350 test instruments for EMC
testing. The software even includes
a driver editing tool so that users can
create their own instrument drivers.
Compliance 5 is supplied with a dedi-
cated package for making compliant
measurements to a wide range of
commercial standards, including EN
55011 and EN 55022 for emissions
and IEC 61000-4-3 and IEC 61000-4-6
for immunity testing.
AR RF/Microwave Instrumentation
(www.ar-worldwide.com) now makes
its SW1007 electromagnetic-compatibil-
ity (EMC) test software available free of
charge. It automatically performs both
calibration and immunity testing and is
available as a download from the compa-
ny’s website. It features military standard
(MIL STD) emissions capabilities (such as
MIL-STD-461/462), along with its legacy
radiated susceptibility and conducted im-
munity measurement capabilities.

Many instrument suppliers support
their hardware with complementary soft-
ware packages, such as the Tektronix
Application Developer Toolkit from Tek-
tronix (www.tek.com) for integrating the
analysis capabilities of the MATLAB math-
ematical software from MathWorks (www.
mathworks.com) directly with one of their
digital oscilloscopes. The combination
allows users to create custom math func-
tions and provides fast, efficient access to
captured waveform data, with the ease of a
computer GUI tailored for the tasks. Simi-
larly, the MT8860C WLAN test solution
combines dedicated test hardware with a
PC software program (Fig. 2) for full IEEE
802.11b/g/a/n transmitter and receiver
testing. The hardware has a built-in ref-
erence receiver and transmitter analyzer
and the software builds on the firm’s Com-
biTest measurement software to simplify
testing in production environments. MWRF
Editor’s Note: To read an expanded ver-
sion of this article, visit http://mwrf.
com/software/software-simplifies-rfimicro-
wave-testing.
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NewProducts

Coupler Channels High Power To 4 GHz

Ahigh—power coupler developed by VidaRF operates from 2 to 4 GHz with
a coupling value of 30 dB (other coupling values are available). It can

handle 500 W average power on its primary and secondary lines, with peak

values as high as 8 kW. The insertion
loss (excluding coupling losses) is a
low 0.25 dB, while the VSWR is 1.30:1.
The high-power coupler, which is sup-
plied with Type N female connectors,
features directivity of 18 dB. Itis a
high-power version of the firm’s popu-
lar model VDC-2040-30 30-dB coupler
for 2 to 4 GHz, with coupling flatness
of +1.25 dB and 20-dB directivity. This
lower-power model, with 0.2-dB insertion loss (excluding coupling losses)
and 1.15:1 maximum VSWR on primary and secondary lines, handles 50 W
average and reflected power and 3 kW on peaks. It boasts frequency sensitiv-
ity of +0.75 dB.

VIDARF, 11330 Vanstory Dr., Huntersville, NC 28078; (704) 897-0558, FAX: (704)
897-0559, e-mail: sales@vidarf.com, www.vidarf.com

Base-Station Coupler Links 800 to 2500 MHz
Aline of high-power base-station couplers with 7/16-DIN connectors has been
announced by Raditek. As an example, model RCPL-800-2500M-7/16f-
500W operates from 800 to 2500 MHz with better than 1.25:1 VSWR and better
z than 30-dB isolation between ports.
It is available with coupling fac-
tors from 5 to 40 dB and achieves
third-order passive-intermodulation
(PIM) distortion of ~140 dBc with
two 20-W tones and fifth-order PIM
of —150 dBc with two 20-W test
tones. The high-power coupler measures just 180 x 61 x 45 mm and is designed
for operating temperatures from -25 to +85°C.
RADITEK INTERNATIONAL, INC., 1702L Meridian Ave., Ste. 127, San Jose, CA 95125;
(408) 266-7404, FAX: (408) 266-4483, e-mail: sales@Raditek.com, www.Raditek.com

Signal Generators Switch To 20 GHz

Aline of high-performance signal generators from Berkeley Nucleonics
includes models capable of operating to 20 GHz and beyond. A number of

configurations are available, including benchtop units and portable models able

to operate on battery power. As an example, model

845 is a compact signal generator with a frequency -

range extending from 10 MHz to beyond 20 e -

GHz. It can be tuned with 0.001-Hz frequency

resolution and offers output levels from -90

to +13 dBm, adjustable with 0.01-dB resolu-

tion. The phase noise is typically -108 dBc/Hz

offset 20 kHz from a 10-GHz carrier. Model

845 features better than 200 us switching speed

and can generate a wide range of modulation i

formats; these include amplitude modulation (AM), frequency modulation (EM),

phase modulation, and fast pulse modulation. The broadband signal generator

weighs only 2.5 kg and consumes a mere 18 W power. A two-year warranty is

standard with all instruments.

BERKELEY NUCLEONICS CORP., 2955 Kerner Blvd., San Rafael, CA 94901; (800) 234-

7858, (415) 453-9955, FAX: (415) 453-4496, www.berkeleynucleonics.com

Power Amplifier
Drives 2.9 To 3.1 GHz
M odel SSPA 2.9-3.1-300 is a high
power gallium-nitride (GaN)
amplifier that can be used for pulsed
or continuous-wave (CW) applications
from 2.9 to 3.1 GHz, also usable from
2.7 to 2.9 GHz and from 2.7 to 3.5 GHz.
The amplifier is rated for typical peak
output power of 300 to 400 W at room
temperature with typical noise figure of
about 10 dB. The output power across
the band is flat within +0.25 dB. The
input/output VSWR is typically 2.0:1.
The amplifier is designed for use with a
+5-VDC supply. It measures 5.00 x 8.00
x 1.94 in.; weighs about 2.5 Ibs with
SMA input and output connectors; and
has an operating temperature range of
-40 to +85°C. The amplifier includes an
external DC blanking command that
enables and disables the module in typi-
cally 5.0 us. Standard features include
over/under voltage protection and
reverse polarity protection.
AETHERCOMM, INC., 3205 Lionshead
Ave., Carlsbad, CA 92010; (760) 208-6002,
FAX: (760) 208-6059, e-mail: sales@aether-
comm.com, www.aethercomm.com.

Low-PIM Cables
Jump DC To 3 GHz

line of low-passive-intermod-

ulation (PIM) jumper cables
from Microlab has been extended for
applications from DC to 3 GHz. The
firm’s JP/JR/JS series jumper cables
are suitable for telecommunications
applications in frequency bands from
380 to 2700 MHz. The cable assemblies
are based on 0.141-in.-diameter cables
with silver-plated copper conductors
and PTFE dielectric material. The cables
feature better than 90-dB shielding.
The jumper cables are available with
straight and right-angle Type N and
7/16 DIN connectors. The cables fea-
ture trimetal plated connectors made to
MIL-C-39012 specifications. The PIM
performance is better than -150 dBc
when tested with two +43-dBm tones
and guaranteed to -145 dBc at 1800
MHz. Cable lengths of 0.5and 1.0 m
are available from stock.
MICROLAB, a Wireless Telecom Group,
Inc., 25 Eastmans Rd., Parsippany, NJ
07054; (973) 386-9696, FAX: (973) 386-
9191, www.wtcom.com
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BLUETOOTH®

RF MODULES
WwWw.panasonic.com/
Bluetooth

Bluetooth, which is based
on IEEE 802.15.1, was
developed for the purpose
of sending larger amounts
of data quickly from
computers to portable
handheld devices. Key
features include high

data rate, frequency
hopping, very small form
factor and modest power
consumption.

Panasonic offers a new
Bluetooth RF module
product line that makes
connectivity between
mobile devices easily
implemented, creating a
seamless data chain from
sensors to the Web.

New Series featuring:

New! PAN1323ETU
Triple Mode Bluetooth
Development Module

One Development Module, Three
Standards: Bluetooth Classic,
Bluetooth Low Energy and ANT™

This unique triple mode ETU
- that’s ETU for “Easy-To-
Use” - module plugs directly
into Panasonic development
kits, Texas Instruments
MSP430 and Stellaris
experimentor boards with
the added benefit of header
connectors that simplify
prototype wiring and field

trials. BANT

:Panasonic
tElectronic Components

Just another way we’re engineering
a better world for you.

m Electromechanical

2 RFModulgs —}———

Visit us online at www.panasonic.com/industrial/electronic-components

email industrial@us.panasonic.com

or call 1-800-344-2112

New! PAN1720 Series
Bluetooth Low Energy

A Complete Bluetooth 4.0
Low Energy Solution

€3 Bluetooth

SMART

The New PAN1720 Series
is a cost-effective, low-
power, true system-on-
chip (SoC) for Bluetooth
Low Energy applications.
The module includes an
eight channel, twelve bit
analog-to-digital converter,
19 GPIOs plus battery and
temperature sensors.

Panasonic

. ideas for life

New! PAN1321i Series
Wireless Bluetooth Connectivity
Compatible with Apple® and
Android™ Devices

The New PAN1321i Series
Bluetooth RF Module is
compatible with Apple devices
such as the iPod®, iPhone®
and iPad®. The PAN1321i
Series interfaces with the Apple
authentication coprocessor
and supports iPod Accessory
Protocol (iAP) to enable
Bluetooth Serial Port data
communication with Bluetooth
enabled Apple Devices.

Apple, iPod, iPhone and iPad are registered
trademarks of Apple Inc.
Android is trademark of Google Inc.
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