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/nritsu

- Smart now.
- Smart later.

VectorStar® Network Analyzers are
technologically and economically smart.

Anritsu’s industry-leading technology delivers performance
where it really matters. The VectorStar 70 kHz to 125

GHz flagship broadband system provides industry-best
performance in all three critical performance areas:
broadband frequency coverage, dynamic range, and
measurement stability. Whatever your starting requirement,
feel safe in the knowledge that Anritsu VectorStar offers the
expandability you need in the future. As your needs grow,
so can your VectorStar, with:

e 20, 40, 50, and 70 GHz models and the flagship
70 kHz to 125 GHz broadband system

¢ Industry-leading combination of frequency
coverage, dynamic range, and stability

e Two-port, four-port, and multiport (4-12) variants
Nonlinear measurement systems

For applications ranging from microwave component
testing to on-wafer device characterization, when you
want best-in-class performance and industry-leading
technology, you know the answer—Anritsu.

To learn more and download an application
note from our library, visit us at:

www.anritsu-offer.com/vna-mwrf/

Scan code
for library:
._,J T u'irn:

Microwave Bench
Portfolio

40 kHz to ‘i25 GHz VNA

¢ On-wafer and bench top
» Extensions to 750 GHz

Two-Port and Multiport
VNA Solutions |
e 20, 40, 50, and 70 GHz "

Signal Generators
¢ 0.1 Hz to 70 GHz
e Extensions to 325 GHz
¢ Low phase noise

Power Meters
e 10 MHz to 50 GHz
USB Power Sensors
e 10 MHz to 26 GHz

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, www.anritsu.com, ©2012 Anritsu Company



Features-

BTE Series

N
LFTS Series

SLFS Series

* Band Coverage fro"'m"“" L 3
VHF through Ka-Band

* Low Phase Noise and
Spurious Perform’arice%;,

* Serial or Parallel Interfac

* Small Modular Assemblic
from 2.25” x 2.25” x 0.6

* New Models to satisfy
most demanding
specifications

* Extended Temperatu

Range available

1 kHz
1 kHz
1 Hz
1 kHz 22
1 kHz 11
1kHz  Multioctave
1kHz Multioctave
L-Ku 125 kHz 1
VHF - Ku 100 kHz 2
VHF-Ku 100 Hz 1
L-Ku >25 MHz

12.72 GHz
5.3 GHz
14.84 GHz
12.50 GHz

'5.50 GHz
12 GHz
20 GHz
83GHz
9GHz

350 MHz

125 0GH

100 Davids Drive, Hauppauge, NY 11788
(631) 436-7400 FAX: (631) 436-7430




LOW NOISE AMPLIFIERS ¢ LIMITING AMPLIFIERS

Offering a complete line of Amplifiers and Limiting Amplifiers up to 40 GHz
NARROW BAND, OCTAVE BAND, BROADBAND

Amplifiers
ULTRA WIDEBAND 10 MHz TO 40 GHz

Attenuators - Variable

DLVA & ERDLVA & LOW NOISE AMPLIFIERS

SDLVA's LINEAR AMPLIFIERS

DTO’s
LIMITING AMPLIFIERS

Filters

LABORATORY TEST BENCH AMPLIFIERS

Form, Fit & Function

Products USB AMPLIFIERS

Hybrids, Dividers & OPTIONS AVAILABLE:
Gouplers ® VARIABLE GAIN (DIGITAL & ANALOG CONTROL)
IFM’s & Frequency @ POSITIVE GAIN SLOPE
Discriminators @ TEMPERATURE COMPENSATION
@ HERMETIC SEALING

® GAIN AND PHASE MATCHING

@ CUSTOM DESIGNS & HOUSINGS
TR L TENIE ¢ CONNECTORIZED & SMT/ QFN PACKAGING

Integrated MIC/MMIC
Modules

AMP—12-50M40G-USE &; s
Seriol No. PLIOB34/1222 .

QuIBLT

Limiters & Detectors W
Log Amplifiers ‘

Pulse & Bi-Phase
Modulators

Phase Shifters
o anne ik

vl e e e e liae |
. PEC2-2G18G-2DBM-LM-SFFE || 2.0-18.0 -50 to +30 || +2dBm +2.0dB 10dB -10dBc 2.0:1 460mA
Rack & Chassis Mount

Products [Ww 2.0-18.0 || 45 to +10 ||+21dBm +2.0dB 10dB -8dBc 2.0:1 || 700mA

-15dBc 2.0:1 350mA

Receiver Front Ends (PECSAO-ZGGGA5-LM-§FF-HS 185-625|| 15 to +17 || +15¢Bm|| *2.0dB | 5.5dB

Single Sideband OTHER MODELS AVAILABLE, PLEASE CONTACT US WITH YOUR REQUIREMENTS

Modulators

HIGH POWER RF LIITERS AVAILABLE

SMT & QFN Products —
Solid-State Switches AN
1a- i es -
PMIH
Switch Matrices % , ; ‘ , , i , .

Switch Filter Banks PLANAR MONOLITHICS INDUSTRIES, INC.

7311-F Grove Road, Frederick, Maryland 21704 USA
Tel: 301-662-5019 | Fax: 301-662-1731
Email: sales@pmi-r.com | www.pmi-rf.com

Threshold Detectors

USB Products
1S09001:2008 Certified



The Engineer’s Choice for

- Narda has been designing and
manufacturing the industry’s
finest RF & Microwave
omponents and subsystems
for over 50 years. However,
our commitment doeén’t stop there. Once those
products are out in the field, we continue to stand
behind them and the companies that utilize them.
Whether it's a technical spec on a product sold in the
1970s or product selection and technical support
pre- or post-order, our talented field and factory
representatives are knowledgeable and accessible.
To find out more about Narda and how we

serve our customer’s needs better than

s J S
anyone, visit our web site. 5
. your
Smart Phone
or Tablet
to learn
more!

nharda

Engineering, without compromise since 1954. an qB communications company




Now you can feed CapeSym!
SYMMIC™ thermal analysis data
dzrect!y into Microwave Offic
_ projects to qu;cky ;udge the
~ effects of temper‘ature on your
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90Portable Analyzers
Pack Lab Quality

These 14 new portable handheld
RF/microwave analyzers bring the
measurement power of a fest laboratory
to the field, with spectrum and vector-
network analysis through 26.5 GHz.

Track
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o, Alex Goloschokin
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Penton

Design Engineering & Sourcing Group

Electronic Design-Machine Design -Microwaves & RF -Source ESB - Energy Efficiency & Technology
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Mobile DevDesign -Electronic Design China - Motion System Design -Engineering TV - Electronic
Design Europe - Hydraulics & Pneumatics - Auto Electronics - Fluid Power Expo - Medical Silicon
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D ANALYSIS

39| Tracking Trends in Wireless Infrastructure
The infrastructure needed to provide a growing number of
wireless services must expand for wider coverage.

46| rF ESSENTIALS

Preparing RF/MW Parts For Space

Companies seeking to sell their products into space must
meet a rigid set of requirements.

50| INDUSTRY INSIGHT
Crows Fly High At 49th Annual AOC

The 2012 Association of Old Crows gathering offered a diversified
educational program and energetic exhibit hall.

DESIGN FEATURES

56/ Arming Antennas With Dual Bandstops

Building a notch into an UWB antenna eliminates the need for
the notch filter that would prevent WLAN system interference.

65| Slot Antenna Uses Dual Polarization
This dual-polarized antenna achieves low cross polarization
and broad beamwidths across a wide frequency range.

68| Optimize OFDM Via Phase-Noise Injection
By using a signal generator, it is possible to “exercise” radio
designs for the effects of different-quality radio signals.

78/ Antenna Aims At Dual Bands
By leveraging a modified ground structure, this antenna
covers multiple frequency bands.

SRODUCT TECHNOLOGY By

97 | PRODUCT TRENDS

Portability Adds To Testing Versatility
High-frequency test equipment is getting smaller and lighter,
yet sports increased functionality and battery life.

100 | Scopes Include Spectrum Analyzers
Two low-cost additions to a line of versatile test instruments can
work as oscilloscopes and spectrum analyzers simultaneously.

102 | SDR Kit Helps Radio Designers
Design engineers wishing to incorporate software-defined-radio
technology in their systems can now get a head start.

104 | Module Contains Vector Transceiver
This PXI Express module combines a vector signal generator
and vector signal analyzer with a FPGA-based processing engine.

SPECIAL SECTION &

Ile[eni:e e
E ec r nnlcs Starts after p. 96

Microwaves&RF | visit www.mwrf.com




Rosenberger’ SV~ Cables

THE PLUS MEANS
36GHz PERFORMANCE

AT A FRACTION OF THE COST.

SRR sm

e a;mM ,';» LB wyhvymﬁﬁh” =
e e R e S L St hamr | [edombavoe =) 10w G 160000 Ciiam ™~ Gong [ [Tieriom S5y _:mf—v
Z‘::" - E - oD OHr I C r§ ip;z > >3 162 <(~ e j' 4;:00 T T DY T }(—z:%
' | i e | i oo ey
506% ? 500 500 !
Mb i L i ': 3 Lt | [y ey
B AR ] LT* . AT %,‘{“
- T s 1 ] Ririd
Mated with SMA Mated with 3.5mm Mated with 2.92mm
Features and Benefits
e 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*)
CONNEectors 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 connectars
cable. Or, special order in 085 coupling nuts and a proprietary e . e
) 2530w - = onnecto |sar‘eg|stere trademark O
semi-rigid cable built to your dielectric Pl
specifications , ,
¢ Unigue 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

®
Rosenberger
R
Part # 0AL 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 951189

SMAtmSMAwm 171404305 10 1.8 = Ph: 877-367-7368 (North America)

RTK-Flex 405 L71-404-457 1.5 15 25 Ph- 408-414-1450 (all
L71-404-610 2.0 24 28 sk g all other areas)
171-404-915 30 35 o5 Fax: 408-414-1481 ¢ sales@rfmw.com ® www.rfmw.com
71-404-1220 4.0 45 o5 Offices located thoughout North America, UK and lsrael.
171-404-1830 60 56 o5 Se habla Espanol: 954-476-8630




o This tiny peak power sensor will make
a8 glant lmpact on your prod‘uctlwty

ol Agllent

.I.

2020 X-Series Peak Power Senso
3,500 readings/sec r
2 models: up to 40
—30 to +20 dBm peak power range

Internal zero and calibra

Agilent and our

S Distributor Network Buy from an Make faster and more accurate pulse

code or visit Right Instrument. Authorized Distributor measurements. Download our app note at

00.gl/AcGQv to Right Expertise. www.agilent.com/find/distributors i i
gee gvideo i Daliuaead Bighi Now. g www.agilent.com/find/USBpowersensor

© Agilent Technologies 2012




LOW NOISE , > - -
Gain (@8 MIN Noise Flgure @) Power-out@pid  3rd Order ICP

2 0 7 TYP +10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
DIUM POWER AMPLIFIERS

P +10 MN +20 dBm

+10 MIN
+10 MIN
+10 MIN
+10 MIN
+10 MIN
+10 MIN
+10 MIN
+10 MIN
+10 MIN
+33 MIN
+35 MIN
+30 MIN
+30 MIN
+33 MIN
+33 MIN
+30 MIN
. +21 MIN +31 dBm

D & MULTI-OCTAVE 'BAND AMPLIFIERS
Gain (@8) MIN  Noise Flgure @) Powerout@pie 3rd Oder|CP
8 b +10 MIN +20 dBm
+10 MIN +20 dBm
+10 MIN +20 dBm
+22 MIN +32 dBm
+30 MIN +40 dBm
+10 MIN +20 dBm
+30 MIN +40 dBm
+23 MIN +33 dBm
+30 MIN +40 dBm
+10 MIN +20 dBm
+20 MIN +30 dBm
+24 MIN +34 dBm
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CAZ18-
(A2184112
~ LIMITING AM RS ' e v
Model No. input Dynumlc Runge ‘Output Power Range Psat Power Flatness dB
(1A24-4001 0-4. -28 t0 +10 dBm +7 to +11 dBm
(LA26-8001 .0-6. -50 to +20 dBm +14 10 +18 dBm
(LA712-5001 7.0-12. -21 to +10 dBm +14 10 +19 dBm
(lA618-1201 6.0-18. -50 fo +20 dBm +14 fo +]9dBm .
~ AMPLIFIERS TEGRATED GAIN ATTENUATION ’
Model No. Gain (@8) MIN  Noise Figure (@®) Powemu’r@PldB Gum Aﬁenuuhon Runge
CA001-2511A  0.025 21 5.0 MAX, 3.5TYP  +12 MIN 30 dB MIN
CA05-3110A : S5TYP  +18 MIN 20 dB MIN
CA56-3110A : ] +16 MIN 22 dB MIN
CA612-4110A : ; +12 MIN 15 dB MIN
CA1315-4110A 13. ; - +16 MIN 20 dB MIN
CA1518-4110A 15. : . +18 MIN 20 dB MIN
Low FREQUEN(‘{ PI.IHERS . .
Gain (dB) MIN Noise Flgure dB  Powerout@pids  3rd Order ICP
18 .0 MAX, 2.2 TYP +10 MIN +20 dBm
+13 MIN +23 dBm
+23 MIN +33 dBm
+17 MIN +27 dBm
+20 MIN +30 dBm
+25 MIN +35 dBm
+15 MIN +25 dBm
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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://mwr'f.com/contributors/optimize—signalspectrum-
BOB NELSON analyzer-throughput-high-volume-manufacturing-test.

st (3 REVISIT IMS2012

OTlI-ICERgECEONT The 2012 installment of the RF/micro- g
ARTICLES IN OUR : : ; ;
CONTRIBUTED wave industry’s flagship event, the International

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.

engineering &g tv

S2012

MONTREAL

NEWS UPDATES Sent To Your Deskiop

CHEN DAVID A. HALL

S [ amas | omems | DON'T believe everything you read, unless it's in the
MEET THE CHALLENGES e | latest issue of Microwaves & RF UPDATE. The industry’s
OFA.ETSET,'\‘NNGAEJS:T' ; longest-running weekly e-mail newsletter, it combines in-

; sightful commentary 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 to free white papers and even
design software. If you're not already reading it, subscriptions are free, and available
FIND OUT WHY PXI from the Microwaves & RF website at www.mwrf.com.

IS BEING USED FOR RF
INSTRUMENTS
MWRF.com has archives of print and online articles dating back
DAVID A. HALL— i : : ,,
Senior Product Marketing to October ?002. Visit myvn‘.com today and chcl'< the . Back Issues
Manager, link. And while you're taking a look around the site, click on “Product
RF and Communications, Directory” to gain access to our complete directory of products and
National Instruments suppliers.

KANG CHEN—
Senior Applications
Specialist,
Spirent Communications

Microwaves&RF | visit www.mwrf.com



Why Coilcratt

witewound

chip inductors are
your #1 choice

Higher Q Compared to non-wirewounds, our chip
inductors usually have Qs that are 50 to 150% higher.

Lower DCR Putup to 3 times more current through |
our chip inductors thanks to their low DC resistance.

Higher SRF The solenoid winding of our inductors
gives them a much higher SRF than multilayer parts.

Tighter tolerance Precision manufacturing lets us
consistently make parts with 2% inductance toler-
ance. Many popular values also come in £1%.

Better support With our engineer-friendly web site,
interactive design tools and generous free samples,
Coilcraft is just plain easier to do business with.

Visit www.coileraft.com for information on all our
high performance wirewound inductors.

\</ wilcraftdirect.com

@® @ No min order. Next day delivery.

WWW.COILCRAFT.COM



& « MULTIPLIERS

AMPLIFIERS

Gain Noise In/Out Output Power
Frequency Gain Flatness Figure VSWR at 1dB Comp.
Model Number (GHz) | (dB, Min.)| (xdB, Max.) | (dB, Max.) (Max.) (dBm, Typ.)

0:1/2.0:1
2:1/2.0:1
: -35-5A 1
A )

.

JSW4-18004000-35-5A |  18-40 5:1/2.5:1
JSW4-33005000-45-5A |  33-50 5:1/2.511
JSW5-40006000-55-0A |  40-60 2.75:1/2.75:1

Higher output power options available.

~

MIXER/CONVERTER P‘RODUCTS

Frequency (GHz) Conversion Noise Image LO-RF
Gain/Loss Figure Rejection | Isolation
Model Number “n (dB, Typ.) | (dB, Typ.)| (dB, Typ.)| (dB, Typ.)

2
o

ol

25

131
N~
(3

33-37
| TBO440LW1 | 440 | 442 | 520 |
-

- - /A

* For IF frequency options, please contact MITEQ.

NN

N
o

()]
N [N NN
oo ol

MULTIPLIERS

ST I T
eve ower eed Through Leve +

Model Number mm (dBm, Min.) | (dBm, Min.) (dBc, lVgIlin.) (mA, Nom.)

MAX2M260400

MAX2M200380
15-
10-12 | 40-48
MAX3M300300
MAX2M200400

TD0040LA2 2-20
Higher output power options available.

160
250

160
160
N/A

P [ =) PO PR R
o | 0 o (0o |00 |0
i
(=2]
o

wW
o

MITEQ also offers custom designs ieet your specific requirements.
~ For additional information chnical support, please
~_contact our Sales Depa it at (631) 439-9220
. : ents@miteq.com

100 Davids Drive - Hauppauge, NY 11788
TEL.: (631) 436-7400 - FAX: (631) 436-7430

WWw.miteq.com




CERAMIC FILTE

LOW PASS BANDPASS HIGH PASS

45 MHz to 13 GHz from9 Qa. qgty.3000

179
Over T6Z models...only 0.12 x 0.06" These tiny hermetically sealed Wild Card KWC-LHP LTCC Filter Kits 0n/y$-98
filters utilize our advanced Low Temperature Co-fired Ceramic (LTCC)
technology to offer superior thermal stability, high reliability, and very low oy Y Qhoose v 8 LECN or HECN models
- (}' _ Receive 5 of ea. model, for a total of 40 filters

cost, making them a must for your system requirements. Visit our 4 k. /
website to choose and view comprehensive performance curves, data é@?&f &/ Order your KWC-LHP FILTER KIT TODAY!
sheets, pcb layouts, and everything you need to make your choice.

You can even order direct from our web store and have units in your () RoHS compliant Uss. Patents 7,760,485 and 6943646
hands as early as tomorrow!

Now available in small-quantity reels at no extra charge:
Standard counts of 20, 50, 100, 200, 500, 1000 or 2000. Save time, money, and inventory space!

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

M - - c - - ®
[JMini-Circuits
/SO 9001 1SO 14001 AS9100
ey ® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
&.’i’z The Design Engin ch Engine finds the model you need, Instantly + For detailed performance specs & shopping online see miniciy
U.S. Patents -
—=aanan TT7R1AAD

ENA Rav A



From the Impulse

L A Generators
mdlf@r 100 - 2000 MHz

Cities Seek Sustainability

NERGY-EFFICIENT HOMES ARE becoming more commonplace, thanks to afford-

able energy-conserving light bulbs and appliances. With the advent of products

like the Nest “smart” thermostat (www.nest.com), they also are conserving energy
more intelligently. The Nest thermostat “learns” the behavior patterns of a residence’s
occupants—for example, if a home occupant turns up the heat upon coming home in the
evening, but turns it back down the next morning before leaving for work. The thermostat
then incorporates such practices into a program that efficiently and cost effectively moder-
ates the residence’s temperature. While the resulting energy savings is obviously benefi-
cial, today’s extensive communications backbone and technical advantages make one
wonder if such energy-conservation efforts can be rolled out on a grander scale.

In the microwave and RF industry, for example, there has been alot of buzz about

smart-grid applications—and by and large, those applications extend far beyond smart

meters. By relying on wireless communications ranging from ZigBee to fourth-generation weur | TYPIGAL T TVRIGAL
(4G) technologies, energy-monitoring devices can communicate back to a central point Mooer | (PRWING) cutrur | "PoLse

Gt i . 2l ¢ VOLT WID'
for billing, customer service, and more. And there’s no reason that such capabilities can- () . (PsE0)
notbe leveraged across a grid or beyond. According to the Worldwatch Institute (www. | oo 100 a2 100
worldwatch.org), the use of information and communication technology (ICT) could help

cities achieve higher levels of safety, cleanliness, and sustainability. S -~ e 0

Inareport titled, “Worldwatch Institute’s State of the World 2012: Moving Toward e - i %
Sustainable Prosperity,” the institute notes that often, cities are partnering directly with
businesses to boost urban sustainability. In The Netherlands, for example, the city of Rot- f | cimsoon 550 a8 .
terdam is working with General Electric (GE) to reduce carbon-dioxide emissions by 50% : .
compared with 1990 levels. GE will use technologies like data visualizations and smart SR 1o L it j
meters to both optimize energy efficiency and improve water management.

GIM1500A 1500 8 45

To achieve success, Diana Lind, a Contributing Author for the Worldwatch report,
recommends that communities use ICT to promote sustainability in three specific ways: GRDO00A 2000 - -
by providing open access to data, mapping all of a city’s neighborhoods and regions, and
enabling a “Community Watch” (which comprises both low-tech monitoring and web
sites where problems and issues can be reported). The goals are to ensure that diverse per-
spectives are included in the city’s plans and to solve problems with ICT—not just identify
them. Although ICT is largely a technical solution to a problem, it will not succeed unless
the rightinformation is gathered. Only then can the best plan be implemented.

Effective communications is a key to these sustainability efforts. Any city designed
or modified for efficient energy use will require a strong communications backbone to
process and respond to changing requirements and conditions. Most likely, this will also
mean another layer of wireless-communications networking to connect in-building
wireless systems, the Internet, cellular networks, point-to-point radios, and other forms
of wired and wireless-communications systems now in use. Once again, RF/microwave
engineers will be at the heart of a global technological evolution. MWRE

%ﬁ X Fowdtnek

Editor-In-Chief

Herotek

MicrowaveeRE | vicit www mwrf cnm






POWER
SPLITTERS/
COMBINERS

vV, 2kHz 1018 GHz .....79°

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, and surface-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!

O RoHS Compliant
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SUBMISSION STATUS
Due to the lack of response we
have received regarding our
submitted manuscript, I am
considering the withdrawal
of the submitted paper. If you
can not reach us with a deci-
sion on our submitted paper
shortly, please regard this
message as a format with-
drawal of our technical paper.
Please understand that due
to our schedule it is difficult
for us to wait any longer and
that we may have to find other
places to publish our paper.
BIERNG-CHEARL AHN
DEPARTMENT OF RADIO
AND COMMUNICATIONS
ENGINEERING
CHUNGBUK NATIONAL
UNIVERSITY
CHEONGJU, SOUTH KOREA

EDITOR’S NOTE

Our apologies to Mr. Bierng-
Chearl Ahn and the many
others who have submit-

ted technical articles for
publication in Microwaves &
RF during this past year, and
have waited for some time
to receive a response on the
status of their article. Many
of the articles submitted to
this magazine are excellent
in their format, and may
cover a wide range of topics,
from RF/microwave amplifi-
ers to the design of complete
radar and electronic-warfare
(EW) systems. Unfortunate-
ly, Microwaves & RF is cur-
rently receiving better than
one full contributed article
for publication each working
day, or more than 30 techni-

cal articles for publication
each month. Many of these
articles are well done, and
covering excellent top-
ics—including the design of
antennas, filters, and other
key components for high-
frequency systems.

But given that each
monthly issue carries about
five or six contributed
articles, along with the other
magazine sections—includ-
ing staff-written news and
product reviews—the wait-
ing list is long for many of

Feedback

these submitted articles. We
plead with those submitting
technical articles to be pa-
tient in hearing from us, and
to understand that only a
small percentage of submit-
ted articles can find room in
each issue.

Please feel free to send us
reminder e-mails as neces-
sary, and we will do our very
best to bring you up to date
on the status of your article,
and if and when we can find
a publication date for it in
Microwaves & RF.

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
Jjack.browne@penton.com
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90° & 180°
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© 85 GHz

Directional Couplers
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High Power, to 2500 watts

Attenuators, to 18 GHz
Digital, Analog, Linearized




Video Travels Easily

Between Devices

SMARTPHONES HAVE BECOME es-
sential tools to many consumers—acting
as a phone, camera, and social-media
enabler, among other things. Given that
consumers are increasingly using their
smartphones to take photos and videos,
it is only natural that they should be en-
abled to easily share them with
an audience via a bigger screen.
Fulfilling this need is Miracast, the
Wi-Fi Alliance’s (www.wi-fi.org)
Wi-Fi CERTIFIED certification
program. Miracast makes it pos-
sible for users to instantly display
video, pictures, and applications
between certified devices from
any brand—wherever they are.
Miracast relies on the Wi-Fi
medium-access-control  (MAC)
and physical (PHY) layers. The
vendor-specific user interface (UI)
is used to manage the user inputs
and preferences. Vendor-session

Show your photos

Play your songs

policy management plays a key role as
well—initiating device discovery and se-
lection, authorizing the link between the
source and display devices, storing the
user profile, and managing traffic.
Because Miracast connections are
formed using Wi-Fi Certified Wi-Fi Direct,

(RMD)

Share your desktop

Remote mirroring
and media display

access to a Wi-Fi network is not needed.
The ability to connect rests inside the
Miracast-certified devices. Those devices
also provide simplified discovery and set-
up, which facilitates the sharing process.
After initially pairing two Wi-Fi devices,
users simply choose to stream content or
mirror a display from one device
(the source) to a second device
(the display).

Because Miracast supports pro-
tected content streaming, devices
can stream feature films and oth-
er copy-protected materials. To
protect premium content, Mira-
cast uses a wireless adaptation of
content-protection mechanisms
that are widely used for cabled
interfaces, such as HDMI and
DisplayPort. In addition, the lat-
est WPA2 security protections are
automatically enabled on every
device. The transport of all mul-

gl

View a movie together

With Miracast-certified devices, users can view pictures from a smartphone on a big-screen television, share a laptop screen with the

conference-room projector in real time, watch live programs from a home cable box on a tablet, and more.

.S
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timedia content is therefore kept private.
The Miracast certification program
was developed with the support of an
ecosystem of silicon, mobile-device, and
consumer-electronics (CE) vendors. The
first products to be designated Wi-Fi Cer-
tified Miracast (which also form the test
suite for the certification program) are the
following: Broadcom dual-band 11n Wi-
Fi; Intel WiDi; Marvell Avastar USB-8782
802.11n 1x1 dual-band reference design;
MediaTek a/b/g/n dual-band mobile-
phone client, MT662X_v1 and DTV Sink,
MV0690; Ralink 802.11n wireless adapter,
RT3592; and the Realtek dual-band 2x2

Industry analysts predict
annual shipments of
Miracast-certified devices
to exceed ONE BILLION units
within the next four years.

RTL8192DE HM92D01 PCle half-mini
card and RTD1185 RealShare smart dis-
play adapter. The first consumer products
certified since testing opened to vendors
include the LG Optimus G smartphone,
Samsung Galaxy S III smartphone, and
Samsung Echo-P Series TV.

Texas Instruments (www.ti.com) is al-
ready providing an end-to-end Miracast
solution to deliver Wi-Fi-enabled digital-
content streaming from mobile devices
to other screens (see figure). The TI sys-
tem, which comprises source and dis-
play (sink) solutions, is based on the
multicore OMAP 4 processors, DaVinci
video processors, and WiLink 6.0 and
7.0 connectivity solutions. It will soon be
extended, however, to the OMAP 5 plat-
form and WiLink 8.0 family. As an inte-
grated near-field-communications (NFC)
controller with Bluetooth v4.0, Global
Navigation Satellite System (GNSS), and
IEEE 802.11a/b/g/n, the WiLink 8.0 fam-
ily promises to support all Wi-Fi through-
put ranges using 2x2 multiple-input,
multiple-output (MIMO) or single-input,
single-output (SISO) at 40 MHz. It also will
provide simple and quick NFC pairing to
further simplify the setup process.

Missile Defense Succeeds From Sea

ISSILE DEFENSE SYSTEMS must identify and respond to incoming threats

in a short amount of time. Although they have reached great heights, US

missile-defense efforts have thus far been contained to land. Recently, how-
ever, a US Army and Navy test demonstrated that Raytheon Co.’s (www.raytheon.
com) Joint Land Attack/Cruise Missile Defense Elevated Netted Sensors (JLENS) can
integrate with the defensive systems currently in the Navy's inventory. In doing so,
they can provide overland cruise-missile defense from the sea.

During this test, a JLENS fire-

control radar acquired and tracked
a surrogate anti-ship cruise-missile
target. That information was passed
to sailors via the Raytheon-made
Cooperative Engagement Capability
(CEC) sensor-netting system. [CEC
nets battleforce sensors together to
provide a single, distributed Anti-Air
Warfare (AAW) defense capability.]
The sailors then fired a Raytheon-
made Standard Missile-6 at the

A test relying on this JLENS sensor
system recently proved that the US can target. Initial SM-6 guidance used

successfully provide overland cruise-
missile defense from the sea.

targeting information provided by the
JLENS via CEC to the Aegis Weapon
System (AWS) until the SM-6's on-
board radar was able to acquire and track the target.

JLENS is an elevated, persistent, over-the-horizon sensor system. It uses an
integrated radar system to detect, track, and target a variety of threats. A JLENS
system, which is referred to as an orbit, consists of two tethered, 74-m, helium-

filled aerostats connected to both mobile mooring stations and communications
and processing groups (see photo). The aerostats fly as high as 10,000 feet

and can remain aloft and operational for up to 30 days. One aerostat carries a
surveillance radar with 360-deg. surveillance capability while the other carries a
fire-control radar.

MARKETQUOTE



News

Metamaterials-Based Approach
Promises Satellite Connection

magine that a new antenna technology truly made “broadband
everywhere” possible. As the most recent spinout from Intel-
lectual Ventures (IV; www.intellectualventures.com), Kymeta
(www.kymetacorp.com) just closed a $12-million funding round
to develop and bring to market IV's Metamaterials Surface An-

Powerful Multipath/Link
Emulator

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing
Sophisticated Satellite link emulation

Mobile Comm’s on the_meve t&sting

Test solutions for ....
WIN-T - warfare information networks, tactical
MUOS - mobile user ObjCC‘[Ai\f'C system
JTRS Joint Tactical Radio System

IRIS - Inteéfnet routing in space

alEBmCorp, Inc

32A Spruce Street & Oakland, NJ 07436
Tel (201) 677-0008 & Fax (201) 677-9444

RF Test Equipment for Wireless Communications www.dbmco rp.com

1. Shown is an example of a metamaterial
structure (above left).

2. This satellite-hotspot product, which

is based on advances in materials, could
be rapidly deployed to enable satellite-
broadband connectivity (above right).

tenna Technology (MSA-T). Backed by in-
vestments from Bill Gates, Liberty Global,
and Lux Capital, Kymeta's mTenna prod-
uct line promises to simplify the satellite-
communications (satcom) connection
needed for broadband Internet on the go.

With the mTenna products, users are
expected to be able to access a variety of
mobile, portable, and fixed-satellite ser-
vices. The key is their use of metamateri-
als, which can manipulate electromag-
netic (EM) radiation (Fig. 1). mTenna
uses this capability to electronically point
and steer a radio signal toward a satellite.
A continuous broadband link is thereby
created between a satellite and a mov-
ing platform—such as an aircraft, car,
or boat—by dynamically manipulating
the antenna material’'s characteristics.
Kymeta claims that its metamaterials-
based approach allows its antennas to
be thinner, lighter, more efficient, and
less expensive than traditional satcom an-
tenna technology.

Kymeta also plans to develop a por-
table satellite-hotspot product for indi-
vidual users (Fig. 2). The laptop-sized an-
tenna will open the door for high-speed
Internet and other satellite-broadband
services wherever they are needed. This
device could benefit everyone from emer-
gency responders to average consumers
looking to untether from public Wi-Fi.
Kymeta’s mTenna products are currently
in development at the company’s Red-
mond, WA headquarters. Commercial
availability is expected by 2015.
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News

BIRD TECHNOLOGIES—Is celebrating its
70th year in business. The Solon, OH-
based supplier of RF communications
products was founded in 1942 by ]. Ray-
mond Bird. The firm, which boasts ap-
proximately 50 patents and installations
in more than 130 countries, originally

gained prominence in the early 1950s
for its Model 43 Thruline Directional
Wattmeter. In recent decades, Bird has
expanded its product offerings (through
the acquisitions of X-COM Systems and
TX RX) to include RF data-capture and
storage products; signal-generation and

Microwave Sub-Assemblies

Advanced Innovative Designs
Custom Unique Designs
Rapid In Your System Today

Advance Your System

Microwave Frequency Bands
LS C X KuKKaQUYV
Frequencies up to 67 GHz

With Our Microwave Circuit Designs

Amplifiers e Oscillators e
Filters « Up/Downconverters «

Variable Attenuators « PLLs and more . . .

Phase Matrix, Inc.

A National Instruments Company

109 Bonaventura Drive
San Jose CA 95134

Tel: 408-428-1000
Fax: 408-428-1500
Web: www.phasematrix.com

software-analysis tools; and commu-
nications products and services for the
public-safety sector.
SYMMETRICOM—Chief Scientist DRg.
RoOBERT LUTWAK has been awarded the
2012 GNSS Leadership Product Award,
which recognizes his leadership and
contributions in the development of
the Quantum SA.45s Chip Scale Atomic
Clock (CSAC). The annual GNSS Lead-
ership Awards honor four individuals
for significant recent achievement in the
categories of Satellites, Signals, Services,
and Products.

L-COM—Has received six Stevie awards at
the 2012 International Business Awards
(IBA). Among them is a gold award for
Best New Product or Service of the Year -
Telecommunications Hardware.
TELIASONERA INTERNATIONAL CARRIER
(TSIC)—Has been shortlisted for two
separate honors at the 2012 World Com-
munications Awards: Best Wholesale
Carrier and Best Project. TSIC has won
the former category on three previous
occasions (2007, 2009, and 2011). The
Best Project nomination references the
carrier’s initiative to update its optical
network in both the US and Europe.
REDPINE SIGNALS—Has received the 2012
Frost & Sullivan Global Wireless Solu-
tions and RTLS Technology Innovation
Award. The company’s Quali-Fi technol-
ogy incorporates the provisioned fea-
tures of the draft IEEE 802.11ac standard
in the 5-GHz band. In addition, its WiSe-
Mote RTLS products feature standards-
compliant operation in the 5-GHz band.
RFEL—The United Kingdom-based firm
has been presented with The Queen’s
Award for Enterprise 2012, Innovation
category, in recognition of its digital-
signal-processing technologies. This is
RFEL’s second Queen’s Award (the UK'’s
most prestigious award for business per-
formance) as it previously received one
in 2009.

COMPRION—Is celebrating its 10th anni-
versary. The Paderborn, Germany-based
company develops, manufactures, and
markets test and measurement equip-
ment for smart-card vendors, smart-card
issuers, and terminal manufacturers.
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News

Broadcast Services Are Demonstrated Over LTE

SING EVOLVED MULTIMEDIA BROADCAST MULTI-

CAST SERVICE (eMBMS) technology, it is possible for

Long-Term-Evolution (LTE) network infrastructure to
be used for the delivery of broadcast services, such as televi-
sion. This capability, if utilized, could certainly impact how
LTE services are offered. To first prove that this prospect is
viable, Samsung Electronics Co. Ltd. (www.samsung.com)
has successfully demonstrated the clear reception capabili-
ties of LTE broadcast services.

This demonstration made use of eMBMS technol-
ogy, which enables carriers to adjust coverage and
capacity as needed. Network resources are there-
fore used more efficiently. The demonstration relied
on Anritsu’s (www.anritsu.com) Rapid Test Designer
(RTD) and MD8430A to simulate the LTE network en-
vironment. The Samsung engineers were able to cre-
ate the eMBMS demonstration using RTD's graphical
script design. It drove the execution of the test simu-
lation on an Anritsu MD8430A LTE signaling tester.

By simulating the LTE network
environment, the reception
capabilities of LTE broadcast
services were recently touted.

KRAUSE

SPARRER

LPKF—Has announced two new additions to its product-
management team. SEBASTIAN SPARRER is overseeing techni-
cal development of the company’s laser-direct-structuring
systems. STEPHAN KRAUSE is responsible for coordinating
technical product management, external partners, and cus-
tomer requirements.

GLOBAL SEMICONDUCTOR ALLIANCE (GSA)—Has added three
new members to the GSA Asia-Pacific Leadership Council,
which serves as advisors to the organization’s board of direc-
tors on regional issues. The new members are DR. JACKSON
Hu, Chairman and Chief Executive Officer of NeoEnergy Mi-
croelectronics; DR. QIANG Liu, Chairman and Chief Execu-
tive Officer of Ingenic Semiconductor; and VINCENT TAr, Co-

Founder, Chairman, and Chief Executive Officer
of RDA Microelectronics.

INDIUM CORP.— CHR1S BASTECKI has been named
Associate Director of Electronics Assembly Mate-
rials. Basteki has nearly 20 years of experience in
electronic-materials marketing, sales, and busi-
ness management. He is based out the company’s headquar-
ters in Clinton, NY.

TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)—Has ap-
pointed two new members to its board of directors. TREVOR
PuTrAH is the current Chief Operating Officer of KGP Logistics
while CHUCK SHAUGHNESSY serves as Vice President of Public
Safety LTE at Harris Corp.

ENTROPIC COMMUNICATIONS—VaHID MANIAN has been named
Senior Vice President of Global Operations. Manian was pre-
viously Vice Chairman of the Global Semiconductor Alliance
(GSA), where he served on the board of directors.

GEORGIA TELECOMMUNICATIONS ASSOCIATION (GTA)—DURAND
STANDARD has been named President of the industry group for
2012-2013. Standard is Vice President and General Manager for
CenturyLink’s Georgia and South Carolina operations.

AMETEK —ROBERT J. VOGEL has been appointed Vice President
and General Manager, Thermal Management Systems, within
AMETEK Aerospace & Defense. Vogel joins the firm from Aero-
flex, where he most recently served as President of Aeroflex
Test Solutions.

i
BASTECKI
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Model

DCO Series

Frequency Range

(MHz )

Tuning

Voltage ( VDC )

VDC @1 [Typ.]

Phase Noise
@ 10 kHz
(dBciHz) [Typ.]

Size
(Inch)

DCO50100-5 500 - 1000 05-15 +5 @ 34 mA -100 0.3x0.3x0.08
600 - 800 0-3 +3@15mA -105 0.3x0.3x0.08
700 - 750 05-3 +3@12mA -108 0.3x0.3x0.08
DCO080100-5 800 - 1000 05-8 +5 @ 26 mA 111 0.3x0.3x0.08
DCO08190-5 810 - 900 05-16 +5 @ 34 mA -118 0.3x0.3x0.08
1DCO100200-5 1000 - 2000 0.5-24 +5 @ 36 mA -95 0.3x0.3x0.08
DCO1198-8 1195 - 1205 05-8 +8 @ 30 mA -115 0.3x0.3x0.08
DCO170340-5 1700 - 3400 0.5-24 +5 @ 29 mA -90 0.3x0.3x0.08
DCO0200400-5 +5 @ 46 mA -90
DCO200400-3 2000 - 4000 05-18 +3@ 46 mA 5o 0.3x0.3x0.08
DCO0300600-5 +5 @ 35 mA -80
DCO300600-3 3000 - 6000 0.5-18 +3@35mA 78 0.3x0.3x0.08
DCO0400800-5 +5 @ 20 mA -78
DCO400800-3 4000 - 8000 05-18 +3@20mA 76 - 0.3x0.3x0.08
DC0432493-5 +5@22mA -88
DCO432493-3 4325 - 4950 0.5-11 +3@22mA 6 0.3x0.3x0.08
DCO0450900-5 +5 @ 20 mA -76
DCO450900-3 4500 - 9000 0.5-18 +3@ 20 mA o 0.3x0.3x0.08
DC0473542-5 +5 @ 20 mA -88
DCO473542-3 4730 - 5420 0.5-22 +3@ 20 mA = 0.3x0.3x0.08
DCO490517-5 +5 @22 mA -88
DCO490517-3 4900 - 5175 05-5 3@22mA o 0.3x0.3x0.08
DCO0495550-5 +5 @ 22 mA -83
DCO495550-3 4950 - 5500 0.5-12 +3@22mA i 0.3x0.3x0.08
DC05001000-5 +5 @ 20 mA -75
DCO5001000-3 5000 - 10000 0.5-18 +3@20mA 73 0.3x0.3x0.08
DCO579582-5 5780 - 5880 0.5-10 +5 @ 20 mA -90 0.3x0.3x0.08
DCO608634-5 +5 @20 mA -85
| DCOB08634-3 6080 - 6340 05-5 +3@26mA ‘a6 0.3x0.3x0.08
DCO615712-5 oist o T :ggzz mA 0.3 %03 %008

{DCO615712-3

Model

XO Series

Frequency Range

(GHz)

Voltage ( VDC )

22 mA
-

DC Bias

VDC @ [Typ.]

Phase Noise :
@ 10 kHz
(dBc/Hz) [Typ.]

=it 8.1-8925 05-15 iy el 0.3x0.3x0.08

giggggggg:g 9.0-9.65 05-12 el iy T 0.3x0.3x0.08

DX010701095-5 10.70- 1095 05-15 +5 @25 mA 82 0.3x0.3x0.08

DX011441200-5 11.44-12.0 05-15 +5 @30 mA 82 0.3x0.3x0.08

DX011751220-5 1175122 05-15 +5@30mA 80 0.3x0.3x0.08
14.85- 15.15

DX014851515-5

+5 @ 30 mA

TR

& Sianal Proceccing Exnerfce

0.3x0.3x0.08

Phone: (973) 881-8800 | Fax: (973) 881-8361
E-mail: sales@synergymwave.com | Web: www.synergymwave.com
Mail: 201 McLean Boulevard, Paterson, NJ 07504




CompanyNews

| FRESH STARTS |

Qualcomm—Has completed previously
announced plans to modify its corporate
structure. The new hierarchy comprises
parent company Qualcomm, Inc. and

a wholly owned subsidiary, Qualcomm
Technologies, Inc. (QTI). Along with its
subsidiaries, QTI now operates a substan-
tial portion of Qualcomm’s R&D activities
as well as product and services busi-
nesses. The latter includes semiconductor
business QCT.

Anritsu Co.—Has announced the open-
ing of its Microwave Technology Center
(MTC Fab), which offers thin-film fabrica-
tion services. The MTC Fab will manufac-
ture circuits for microwave applications,
multi-layer systems (MCM-D), thin-film
sensors, resistor networks, attenuator cir-
cuits, hybrid circuits, and power hybrids.
Anritsu also is offering customer-specific
services including thin-film depositions,
resistor laser trimming, substrate laser
drilling, photolithography patterning,
and device singulation.

Constant Wave—The developer and pro-
vider of measurement-analysis software
has teamed with Agilent Technologies

as an Agilent Solutions Partner. This
program provides access to specialized
Agilent training events, collaborative
marketing activity, and other joint busi-
ness opportunities.

Lockheed Martin—Is implementing new
global environmental goals with the

intent of decreasing its use of natural
resources at all stages of product develop-
ment and business operations. By 2020,
the company is targeting absolute reduc-
tions in carbon emissions (35%), facility
energy use (20%), waste to landfills (35%),
and water use (10%).

everything RF—Has added a parametric
search tool for test and measurement
equipment to its product-search website.
Emirates Telecommunications Corporation
(Etisalat—Has finalized the sale of a 9.1%
stake in XL Axiata, an Indonesian mobile
telecommunications provider. Some 775
million shares were purchased by institu-
tional investors, resulting in gross proceeds
of AED 1870 million to Etisalat.
Nujira—Has filed its 175th patent related
to Envelope Tracking (ET) technology.
The firm’s patents cover the key tech-
nical aspects enabling the Coolteq ET
modulator ICs as well as wider system
elements, such as system architectures

_ and timing alignment.

RFMW—Has announced a distribution
agreement with EMC Technology/Florida
RF Labs. The deal adds Europe, the Middle
East, and Africa (EMEA) to franchised
RFMW territories.

Peregrine Semiconductor—Has expanded
its European operations with the open-

ing of a design, manufacturing, and sales
facility in Reading, UK. Multiple product
families will be developed at the new

facility including digital step attenuators,
phase-locked-loop (PLL) frequency syn-
thesizers, and RF switches.

Gowanda Electronics—Has achieved
failure-rate Level R for its MIL-PRF-39010
RF inductors (ER10M and ER17S series).
Both series meet the US military’s Qualified
Product List (QPL) requirements for Estab-
lished Reliability (ER). Each has exceeded
10 million unit hours of life testing to date.
Aeroflex and MagnaChip Semiconductor—
Aeroflex’s Colorado Springs, CO division
has received QML-V qualification from the
US Defense Logistics Agency (DLA), Land
and Maritime. The company’s mixed-
signal products are manufactured by
MagnaChip.

Rohde & Schwarz—Has entered into a
partnership with Albatross Projects Group.
Rohde & Schwarz will take over the sales of
Albatross Projects’ anechoic chambers and
shielded rooms in the US and Canada.
Export-Import Bank of the United States
(Ex-Im Bank)—Has approved two sepa-
rate transactions, totaling more than $1.2
billion, to finance the export of American-
made telecommunications satellites to
Mexico and Australia.

TeleCommunication Systems (TCS)—Has
been issued eight new patents by the

US Patent and Trademark Office. These
patents reflect intellectual property in the
areas of public safety, mobile location,
messaging, and secure communications.

| CONTRACTS |

Agilent Technologies— STMicroelectronics will use
Agilent’s Electromagnetic Professional (EMPro) simu-
lation software in the development of electrostatic-
discharge (ESD) structures based on CMOS pro-
cess technology. Lockheed Martin—Has received a
$218-million contract from the US Coast Guard for
three additional HC-130J surveillance aircraft. This or-
der will increase the Coast Guard's fleet of HC-130Js
from six to nine. The contract also includes funding
for two mission suites, which will support search and
rescue operations. The new aircraft are scheduled to
be delivered in early 2015.

Hughes—Has been awarded a Custom Satellite Communi-
cations Solutions (CS2) contract by the US General Servic-
es Administration (GSA). Hughes will provide commercial-

satellite  end-to-end  communications  to

customers. The contract covers a base period of three

28

government

HUGHES
Snares
three-year
CS2 contract

LOCKHEED
MARTIN
Receives
$218-million

aircraft order

years plus two one-year options.

Raytheon Co.—Has received an $8.7-million modifica-
tion to a previously awarded US Navy production con-
tract. Raytheon will provide the Navy with Joint Tacti-
cal Terminal Senior (JTT-Sr) radios that are compatible
with the new Common Interactive Broadcast (CIB)
waveform. The radios receive and broadcast near-
real-time threat data to joint-service host platforms.
TeleCommunication Systems, Inc. (T CS)—The compa-
ny’s In-Building Wireless (IBW) program has received
a $2.9-million order from the US Department of De-
fense (DoD). TCS is designing and installing a dis-

tributed antenna system for a DoD medical campus comprising
15 buildings.

Pasternack Enterprises—Has appointed Spur Microwave as its
exclusive distributor for India. Pasternack’s full product catalog
is now available through Spur.
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40 GHz
Low Loss and
Phase Stable

Quick Lock

Precision

now
PRECISION TEST
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Different cables for different needs—and all built to last.
For almost 40 years we searched for reliable, high-performance
cables that could stand up to the heavy use our 100% testing
policy demands. Finally, we were able to acheive our goal,
and we're proud to make these cables available to the rest
of the industry, backed with our unprecedented 6-month
guarantee.” Just go to minicircuits.com and order some
for yourself! You'll quickly find that consistent long-term
performance, less retesting, and fewer false rejects really
add up to bottom-line savings, test after test!

95

ea.(qty.1-9)
Model Family Freg. Connectors - Lengths® Temp
(GHz) (male) (ft) (°C)
Performance Test (CBL) DC-18 SMAY,N  1.6-25 -55/+105
Quick Lock (QBL) DC-18 SMA 1.0-6.6 -55/+105
Armored (APC) DC-18 N 6.0-15 -55/+105

Low Loss (KBL-xx-LOW) DC-40 2.92 1.5-6.6 -55/+85
Phase Stable (KBL-xx-PHS) DC-40 2.92 1.5-6.6 -55/+85

*Mini-Circuits will repair or replace your test cable at its option if the connector
attachment fails within six months of shijpment. This Quarantee excludes
cable or connector interface damage from misuse or abuse.

1 Custom lengths available by special order.
* SMA female connectors featured on some models, or via special order.
K-Connector is a registered trademark of Anritsu Company.

e
Full solder wick protected by stainless collar Flex Test™ setup shows triple Armored Test Cables: rugged, triple 40 GHz cables compatible
and three different layers of strain relief. strain relief, effective through shielded construction, flexible enough with SMA, K@,

20,000 fiex cycles for all models.  to pass 20,000+ Flex-Test cycles. 2.9 & 3.5 connectors.
See minicircuits.com for cable lengths, specifications, performance data, and surprisingly low prices!

Mini-Circuits...we’re redefining what VALUE is all about!
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7739260, 7761442

TC
Q15 x 0157

NC
0.08"x 0.05"

0. 75‘62 00 MHZ as low as 99 e¢ach (qty. 1000) O ot compiant.

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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90 SPLITTERS

95
5MHz to 8GHZz frf 3

Two-way 90° power splitters (hybrids) are critical building blocks in a
wide array of RF design solutions. That’s why Mini-Circuits offers
extra-tight phase and amplitude balance, to ensure your expected :
high-performance design results. Plus, our robust, rugged units deliver ~*
repeatable performance and are available in over 70 different

SMT models, in the widest range of frequencies in the industry

(from 6 MHz to 8 GHz), and in package sizes as small as 0.08" x 0.05".

ea.qty. 20

LTCC models now available in small-quantity reels, with standard counts
of 20, 50, 100, 200, 500, 1000, or 2000 at no extra cost! For full performance ¢ RoHS compliant
details and product availability, visit our web site www.minicircuits.com.

You can order online and have units in-hand as soon as next-day.

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

MANAGING DIRECTOR,
COPPER MOUNTAIN TECHNOLOGIES

Interview by NANCY FRIEDRICH

NF: Copper Mountain Technologies is a fresh face in the

microwave and RF test and measurement market. How long

has the company been around?

AG: In its current structure, Copper Mountain Technolo-

gies has existed for one year. However, our development and

production team just celebrated its 20th anniversary. Before

rebranding and reorganizing in October of 2011, our

company made telecom, RF, and microwave compo-

nents and test instrumentation for the European and

Asian markets.

NF: The best-known Copper Mountain in this

country is in Colorado. Why did you name the

firm “Copper Mountain Technologies?” And who

came up with the name?

AG: Yes, we've received inquiries about ski

passes more than a few times! Unfortunately

for those callers, our expertise is... ice hockey.

Just kidding, it is actually in microwave and RF

test equipment. Our company is named after a

different Copper Mountain, which is located in

the South Ural Mountain Ridge [in central Russia].

Chelyabinsk, home to our manufacturing facility, is

located in this region. Our company’s name is a trib-

ute to the rich history of the region. It brings together

old-world craftsmanship with modern technological

advancements (created by highly talented engineers

and researchers—many of whom are graduates of South

Ural University, a well-known engineering school).
The Mistress of the Copper Mountain is a

well-known Russian sorceress from the tales

“The traditional values of
loyalty and respect for
our customers are

the foundational
elements of our
corporate
culture.”

of writer Pavel Bazhov. Drawing on the mining
folklore of the South Ural Mountain region, Ba-
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zhov wrote several stories (The Mistress
of the Copper Mountain, The Malachite
Casket, and The Stone Flower) about

the mineral-rich mountains and their
mysterious spirit. The mythical “mis-
tress,” who could change into a lizard,
was a guiding force for the hard-working
miners of the mountain. She protected
them in exchange for their complete
loyalty and respect for the land. The
traditional values of loyalty and respect
for our customers are the foundational
elements of Copper Mountain Technolo-
gies’ corporate culture.

NF: How many employees do you have?
And how many of those are engineers?
AG: Our vector-network-analyzer (VNA)
development team counts 15 engineers.
And there are over 70 highly qualified
technicians in the VNA production line
and quality control. Our Indianapolis
facility conducts global business devel-
opment and sales activities. Customer
support is also provided by two of our
engineers in Indianapolis.

NF: What challenges have you had
getting started as a company?

AG: The VNA market is dominated by
several well-known and highly respected
providers. Our biggest challenge is
overcoming our customers’ brand loyalty
to those manufacturers. However, at less
than one-half the price, dimensions, and
weight—accompanied by equal or better
performance—our VNASs sell themselves
once engineers get a chance to use them.
We also have been fortunate to develop
relationships with highly reputable and
respected manufacturers’ reps in the
microwave and RF industry. They have
done an outstanding job introducing
their customers to our solutions.

NEF: You are incorporated in Indianapo-
lis. What made you choose Indiana over,
say, Silicon Valley in California?

AG: Indianapolis has been my home for
the past 22 years—many of which were
spent working in international sales and
business development at the Commtest
Division of JDSU (formerly Wavetek/
WWG/Acterna). It offers a lot of advantag-
es. Indiana is rapidly gaining the reputa-
tion of being a viable alternative to the
cutthroat coasts and their exorbitant cost

Microwaves&RF | visit www.mwrf.com

of doing business. The rise of Indiana’s
tech sector also has been nurtured by
high-profile initial public offerings; sever-
al Indiana-based technology firms break-
ing into national “Best Of” and “Fastest
Growing” lists; and the efforts of organiza-
tions like TechPoint, IEDC, Verge, and
numerous university-outreach initiatives.
Indianapolis offers a fast-growing high-
tech community, a world-class airport,
and Lucas Oil Stadium—the location for

“The biggest benefits of
virtual VNAs are much lower
price point, smaller footprint,
light weight, and operation
from any external PC.”

the professional football championship,
Super Bowl 2012. Go Colts!

NF: Copper Mountain offers a “virtual
vector network analyzer.” Please define
this virtual instrumentation.

AG: By the definition first introduced by
National Instruments, a virtual instru-
ment is an instrument that consists of

a hardware RF measurement module,
the external processing module (a PC),
and a software package that operates the
measurement module and provides us-
ers with the user interface (UI).

NF: What advantages would you say
avirtual VNA has over a traditional
instrument?

News

AG: The biggest benefit of the virtual
VNA is that users can take advantage of
the processing power, bigger display,
and more reliable performance of an
external PC, while simplifying mainte-
nance of the analyzer. Virtual VNAs are
flexible. They can be easily adapted to
multiple users and are well-suited for
lab, production, field, and secure testing
environments. Not to mention that they
are significantly less expensive!

NF: How do you expect this virtual
instrumentation to change the test and
measurement market, if at all?

AG: As previously discussed, the biggest
benefits of the virtual format are much
lower price point, smaller footprint, light
weight, and operation from any external
PC. All of these aspects will make our
VNAS very attractive to both develop-
ment labs and production environments.
For example, our small R54 reflectometer
(patent currently pending) can be easily
introduced to every workstation at any
manufacturing facility that produces RF
cables, antennas, connectors, etc.—no
matter how limited those workstations
are in terms of space. We hope that, by
virtue of introducing the VNA en masse
to production and quality control, RF
and microwave equipment manufactur-
ers will be able to significantly improve
their manufacturing processes.

NF: What's next for Copper Mountain
Technologies in terms of product devel-
opment?

AG: Qur short-term (next few months)
plans include releasing a 2x8 4-GHz port
extender for our current line of two-

port VNAs. In the December/January
timeframe, we are planning on launch-
ing a four-port, 8-GHz model as well as
anew series of small and lightweight
analyzers, which will include 50-Q,
20-kHz-through-4.8-GHz and 75-Q,
20-kHz-through-3.0-GHz VNAs. Both the
50- and 75-Q) analyzers in this series will
be available in one-path (TR) and full
two-path iterations. We are also plan-
ning to deliver revisions to our software.
They will include additional features and
functionality in addition to implement-
ing our customers’ recommendations on
Ul improvement in 2013. MWRF
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Methodology

Optimizes Design Of

SCALP- IMPLANTABLE ANTEN NAS

N THE AREA of implanted medical
devices, antenna-enabled biote-
emetry is gaining attention for its
potential to overcome the limitations
of inductive biotelemetry. Such is-
sues include low data rate, a restricted
communication range, and sensitivity
to inter-coil misalignment. At Greece’s
National Technical University of Athens,
two researchers have developed a two-
step design methodology for implant-

able planar inverted-F antennas (PIFAs).

Asimina Kiourti and Konstantina S.
Nikita proposed miniature, scalp-im-
plantable PIFAs at 402, 433, 868, and 915
MHz. Their antennas exhibit identical
volume of 7t x 62 x 1.8 mm? and 10-dB

bandwidths of 27, 28, 38, and 40 MHz.
The researchers studied the design
and radiation performance of minia-
ture antennas for integration in head-
implanted medical devices operating in
both the medical-implant-communica-
tion-service (MICS; 402.0 to 405.0 MHz)
and industrial-scientific-medical (ISM;
433.1 to 434.8, 868.0 to 868.6, and 902.8 to
928.0 MHz) bands. They then created a
parametric model of a skin-implantable
antenna and both fabricated and tested a
prototype. To speed the design process,
the researchers suggest a two-step meth-
odology: approximate antenna design
inside a simplified model geometry and
then perform Quasi-Newton optimiza-

tion inside a canonical model of the
intended implantation site. The antennas
are further analyzed inside an anatomical
model of a human head.

The results reveal that the exhibited
radiation performance greatly depends
on design parameters and operating
frequency. The researchers tackle the
choice of canonical versus anatomical
tissue models for design purposes while
addressing patient safety and link budget
at various frequencies. For the different
stages of antenna design and analysis,
both finite-element (FE) and finite-dif-
ference-time-domain (FDTD) numerical
solvers were used. See “Miniature Scalp-
Implantable Antennas for Telemetry in
the MICS and ISM Bands: Design, Safety
Considerations and Link Budget Analy-
sis,” IEEE Transactions On Antennas And
Propagation, Aug. 2012, p. 3568.

TIME |NTERLEAVED ADC Beneflts 60 GHz Transcelver

NUMBER OF stan-
dards have sprung up

L lin the 57-to-64-GHz
band, such as IEEE 802.15.3c,
|EEE 802.11ad, and Wire-

CMOS ADC has been
presented for low-power
gigabit-wireless-communi-
cations SoCs by I-Ning

interleaved subranging

amplifiers of each sub-ADC.

lessHD. All have one common
goal: to speed the realization
of integrated circuits (ICs)
that can support large wire-
less data transfers at those
millimeter-wave frequen-
cies. Due to these ICs’ wide
applicable bandwidth and
modest circuit-implementa-
tion complexity, low-order
data modulation approaches
like binary phase shift keying
(BPSK) and quadrature phase
shift keying (QPSK) are often
chosen. To provide power-
efficient, low-cost system-
on-a-chip (SoC) solutions for
such applications, medium-
resolution (6 to 8 b), CMOS
analog-to-digital converters
(ADCs) with speeds beyond

1 GSample/s are needed. At
the University of California,

a 7-b, 2.2-GSamples/s, time-

- A

Ku, Zhiwei Xu, Yen-
Cheng Kuan, Yen-Hsiang
Wang, and Mau-Chung
Frank Chang.

The time-interleaved
ADC combines multiple sub-
ADCs to deliver the required
high sampling rate. But the
time-interleaved architec-
ture suffers from channel
mismatches in timing, offset,
and gain among individual
sub-ADCs. Because the total
area increases as the number
of channels rises, the routing
of multiple-phase clock sig-
nals and digital outputs also
becomes complicated.

To achieve high power
efficiency and performance, a
time-interleaved ADC design
thus requires the proper
sub-ADC architecture and a
strategy for alleviating chan-

650 pm

nel mlsmatches To boost

the speed of individual ADC
channels, for example, this
team invented a time-splitting
subranging architecture. It
raises the speed of indi-
vidual ADC channels while
reducing the total number of
interleaved channels to four.
In addition, the research-

ers proposed a low-power
and fast-settling distributed
resistor array for reference
voltages to mitigate gain mis-
matches within channels. The
channel offset mismatches are
calibrated through the digital-
controlled corrective current
sources, which are embedded

in the track-and-hold (T/H)

+4| 4:1 MUX l Ultimately, the team
created a prototype in 65-
= <
Q § g Q E nm CMOS that occupies
3 s Ll S ||8 | only0.3 mm?of chip area.
2] (2] n 2] b
It consumes 40 mW at 2.2
THA | RefGe’j GSamples/s from a 1-V
| < = supply. The ADC boasts

measured signal-to-noise and
distortion ratio (SNDR) and
spurious-free dynamic range
(SFDR) of 38 and 46 dB,
respectively, with a 1.08-GHz
input at the 2.2-GSamples/s
sampling rate. The effective
number of bits (ENOB) is 6.0
b at Nyquist rate while the
figure of merit (FOM) is 0.28
pJ/conv.-step. The research-
ers were able to integrate
the ADC into a self-healing
wireless-transceiver SoC. See
“A 40-mW 7-bit 2.2-GS/s
Time-Interleaved Subranging
CMOS ADC for Low-Power
Gigabit Wireless Communica-
tions,” IEEE Journal Of

Solid State Circuits, Aug.
2012, p. 1854.
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Directional/ Bi-Directional

5kHzto12 GHz

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

$469
up to 250W  irom 1 ca (g1 1000)

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

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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PAUL WHYTOCK, European Editor

Memory Infusion Allows Chip To Fur’rher RFID’s Reach

tion (RFID) has been a major suc-

cess for the wireless industry, helping
manufacturers keep track of parts and
products in a multitude of markets. Now,
RFID may have the capacity to expand its
scope by invading new markets. The key
to these new opportunities is enhanced
memory. The European division of Japa-
nese company Fujitsu (www.fujitsu.com)
has developed a new device for its FerVID
chip family, which is used in RFID tag-
ging applications. In addition to increased
memory capacity, Fujitsu Semiconductor
Europe notes that this device boasts a serial
interface that could expand the applica-
tions for RFID tagging (see figure).

Like all members of the FerVID fam-
ily, the MB89R112 series employs ferro-
electric random-access memory (FRAM).
FRAM is touted for providing fast write
speeds, high-frequency re-writing, and
a good level of radiation tolerance—all
while being conservative in terms of pow-
er consumption. With 9 kB of FRAM, the
company claims that its product provides
the greatest density available in an RFID
chip operating in the high-frequency (HF)
band as defined in ISO/IEC 15693.

A total of 8 kB of this capacity is pro-

I ANGEN, GERMANY: RF identifica-

FerVID family v

With 9 kB of FRAM, this device claims to
offer the highest density available in an
RFID chip operating in the HF band (as
defined in ISO/IEC 15693).

vided as user memory, enabling access
by read/write operations as defined in
ISO/IEC 15693. The series will be offered
in two variants with 24- and 96-pF input
capacitance. Writing 8 kB of data takes
about 4 s, which is 6X faster than the time
it takes E2PROM products.

With these memory devices, the in-
creased available data volume on RFID
tags would enable greater operating char-
acteristics in applications like product-
lifecycle traceability management and

equipment maintenance records. Ac-
cording to Fujitsu, these memory devices

L1~

can provide solutions spanning embed-
ded, industrial, and medical applications.

WHAT ENGINEERS WANT

For engineers, the higher-capacity mem-
ory—combined with the RFID connec-
tivity to sensors and microcontrollers—
can enable the wireless modification
of product operating parameters or the
logging of environmental factors dur-
ing distribution. These features would
benefit production control in automo-
tive and electronics manufacturing. They
also would aid maintenance applica-
tions in aviation, construction, and civil
engineering.

The MB89R112QN products enable
these features by supplementing the HF
RFID interface with an additional Serial
Peripheral Interface (SPI) for microcon-
troller connectivity. Because the 8 kB of
user memory in FRAM can be accessed
from the microcontroller via SPI, shared
memory regions can be used both for
data logging and as a parametric area
for changing the microcontroller’s oper-
ating parameters.

DEVELOPMENT BACKSTORY

For eight years, Fujitsu has been devel-
oping FRAM products as part of the Fer-
VID family. The firm uses two frequency
bands for the chips integrated in high-
functionality RFID tags operating in the
HF band from 3 to 30 MHz. Also known as
the decameter band or decameter wave
[as the wavelengths range from one to
ten decameters (10 to 100 m)], Fujitsu’s
designs operate at 13.56 MHz and an ul-
tra-high-frequency (UHF) band covering
860 to 960 MHz. As a result, these prod-
ucts serve a wide range of chips including
those used in data-carrier tags in factory
automation and maintenance, those that
can withstand gamma radiation or elec-
tron beams for the medical and pharma-
ceutical sectors, and chips with serial in-
terfaces for embedded applications.
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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 ixse, 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
: able from within the Cadence design tools. Ask about how HFSS for
ECAD n enhance your SI desrgn flow.

For more information, visit www.ansys.com/HFSS Or call us at 866 267 9724
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JACK BROWNE | Technical Contributor

Tracking Trends in

Wireless
Infrastructure

THE INFRASTRUCTURE NEEDED TO PROVIDE A GROWING
NUMBER OF WIRELESS FIXED AND MOBILE SERVICES TO A

NECESSARY.

IRELESS COMMUNICATIONS has evolved
through four generations of technology to
its current state: a hybrid vehicle for voice, video, and data
using handheld and stationary electronic devices. It is the
infrastructure—the towers, antennas, and associated hard-
ware and software—that make all this possible, and it is the
infrastructure that has driven a good part of the commercial
RF/microwave market for the past 20 years. Although itis im-
possible to see the future, some of the technology advances
that lead to the Fourth Generation (4G) of wireless commu-
nications may provide some insight into what will be needed
for the next generation of wireless infrastructure equipment,
and some of the technology evolution to come.

Wireless technology has been embraced worldwide as it
continues to expand in a growing number of applications, both
indoors and outdoors. Wireless communications customers
continue to demand increased services in terms of voice, video,
and data communications. These growing demands are driv-
ing cellular/wireless carriers and service providers to expand
their wireless infrastructure to achieve higher data rates and in-
creased capacity to serve the increased requirements of a grow-
ing customer base.

“Wireless infrastructure” is a term generally associated with
the equipment and buildings needed to make cellular commu-
nications possible (Fig. 1), beginning with the erection of tow-
ers, antennas, and associated electronic equipment with the
expansion of analog first-generation (1G) cellular communica-
tions systems in the 1980s. Successive generations of cellular
equipment employed digital technology and modulation for-
mats, with 3.5G cellular infrastructure currently the most domi-

Mirnpowavee2RE | vicit wwwr mwirf onm

CONSTANTLY GROWING AUDIENCE MUST EXPAND FOR
WIDER COVERAGE, USING SMALLER CELL SITES WHERE

nant technology in use. However, fourth-generation (4G) cellu-
lar formats—such as WiMAX and Long Term Evolution (LTE)
cellular technologies—are rapidly gaining ground.

Although the transmission/reception technologies change,
the need for towers and the associated infrastructure still ex-
ists. Typically, the infrastructure represents a considerable in-
vestment in a cellular network, and existing towers will support
multiple generations of cellular technologies; service providers
will try to make the most efficient use of (possibly) 2G, 3G, and
4G equipment, all on the same tower.

1. Large towers with their cellular antennas are an ever-

present reminder of the infrastructure needed to support
wireless communications networks. [Photo courtesy of Huber
+ Suhner (www.hubersuhner.com).]




WIRELESS INFRASTRUCTURE TRENDS

Some general trends that

PEX and OPEX when install-
ing and maintaining wireless

are driving the expansion of 40
wireless infrastructure in-
clude the growing number of 35
mobile wireless communica-
tions users and the increas-
ing amount of data being
communicated via mobile
networks. Cellular customers
are even starting to use near-
field-communications (NFC)
technology to make on-site 10|
bill payments, adding to the
amount of data on a cellular
network. For their part, cel- 0 °
lular service providers must

30

25

Billions of US dollars

2010

2011 2012 2013 2014

infrastructure. The backhaul
connections could be a limit-
ing factor in terms of the num-
ber of subscribers that can
be served by a specific infra-
structure configuration. Put
simply, when a cellular sub-
scriber connects to a cellular
antenna tower, the backhaul
equipment connects them to
the rest of the world.

Among the firms that are
contributing to that expand-
ing wireless infrastructure is

201

find ways to accommodate
the growing demands for
data and bandwidth, while at
the same time manage their
own infrastructure operating
expenses. The latter consist
of capital equipment expenses (CAPEX),
such as the cost of the cellular towers and
wireless transceiver equipment, and oper-
ating expenses (OPEX), such as the elec-
tricity needed to run the cellular towers.

In some cases, increased wireless
coverage can be increased through the
use of smaller cell sites, known as femto-
cells, which can be installed in buildings
and within public gathering places (e.g.,
shopping centers). They must also adopt
“oreen” strategies for their wireless net-
works, since many service providers are
managing heterogeneous networks con-
sisting of a variety of different technolo-
gies (such as 2G, 3G, and 4G) together.
A major OPEX is the electrical power
needed to maintain the wireless network.
Any green strategies that can save oper-
ating power can also result in significant
savings in OPEX. In addition, improve-
ments in spectrum efficiency, the use of
advanced antenna techniques, such as
multiple-input, multiple-output (MIMO)
antenna configurations, and the use of
smaller cells to expand coverage can all
contribute to lower OPEX.

Clearly, LTE technology has captured
the fancy of wireless service provid-
ers and will be the wireless standard of
choice for expanding infrastructure in the

2. Market studies project strong growth in the use of LTE technology
in wireless base stations in the next several years. [Plot courtesy of
IHS iSuppli Wireless Communications (www.isuppli.com).]

next few years. According to a recent re-
port by market research firm IHS iSuppli
Wireless Communications (www.isup-
pli.com), LTE will capture the majority
of wireless infrastructure capital spend-
ing over the next several years as mobile
service providers and carriers seek to
provide their customers with the com-
bination of coverage and services that is
often difficult to support with earlier gen-
erations of cellular technology. Accord-
ing to the THS iSuppli market study (Fig.
2), global capital spending on LTE tech-
nology is projected to reach $24.3 billion
(USD) in 2013, or almost triple the level of
spending on LTE technology in 2012.

The expected size and growth rate of
4G LTE technology has spurred its share
of market research and positive expecta-
tions, including a study by Reportlinker
(www.reportlinker.com), “The Wireless
Infrastructure Market 2012-2017: Wi-Fi,
WiMAX, 3G, HSPA+ and LTE,” which ex-
amines the projected market shares for a
number of different technologies vying
to support cellular communications. This
report sets the value of the global wireless
infrastructure market at $43 billion (USD)
by the end of 2012. The report also makes
some important points about how net-
work operators must assess both their CA-

the Swiss company Huber +
Suhner (www.hubersuhner.
com), perhaps best known for
its wide range of connectivity
solutions. Sprint, one of the
largest telecommunications
companies in the US, is upgrading its 4G
LTE towers to Huber + Suhner’s fiber-
to-the-antenna (FTTA) for added band-
width in its wireless infrastructure equip-
ment, including in the backhaul portion
of its networks. Huber + Suhner is now
the leading supplier for 4G LTE installa-
tion systems in North America, helping to
upgrade equipment for numerous large
telecommunications companies [includ-
ing Sprint, T-Mobile, Bell Mobility, Sask-
Tel, and Telus (in Canada)], all with more
than 10 million subscribers. According to
a Huber + Suhner report, Sprint plans to
upgrade around 15,000 cell sites within
the next three years, while T-Mobile alone
will upgrade more than 14,000 antenna
masts in the US over the next 12 months.
With the FTTA connectivity, the cellular
transceiver electronics can be mounted
near the antennas (on the mast), rather
than as remote radio heads (RRHs) in
cabinets on the ground, helping to speed
and simplify installations.

Increasingly,
the maintenance and operation of their
cellular infrastructure as an additional
business, on top of serving their wire-
less communications subscribers. This
has created opportunities for third-party
companies to serve as wireless tower/

carriers are viewing

October 2012 | Microwaves&RF



$779

« NFasiowas 2.5dB, Poutupto+20.5dBm, 800 MHz 1 3.8 GHz from Bl sa (1000,

Ultra flat gain, as low as +0.2 dB across the entire frequency
range, paves the way to all kinds of applications for our new YSF
amplifiers. Together, these 7 models cover the 800-3200 MHz
spectrum, from cellular and satelite L bands to GPS, PCS,
UMTS, and WIMAX. Whenever gain flatness and repeatability are
critical, and high dynamic range (low NF and high IP3) are
required, Mini-Circuits YSF ampilifiers are an ideal solution.

Model Freq. Gain Gain Flatness Pout (dBm) Dynamic Range Price

No. (MHz) (dB) (xdB) @ Comp NF . IP ea.

: 1dB  3dB dB dBm Qty.10
fi-fu Typ. iy P - Iyp. WD,

YSF-122+  800-1200 20.4 0.2 205218 34 36 2.69
YSF-2151+  900-2150  20.0 0.4 20:010121.0 3.1 35 2.95
YSF-162+ 1200-1600 20.1 0.2 2002910 82 35 2.69
YSF-232+ 1700-2300 20.0 0.2 200 21.0 28 =1 85 2.69
YSF-272+ 2300-2700 19.0 0.7 20i0- 21,0 2eh e 35 2.59
YSF-382+ 3300-3800 14.5 0.9 20.0 21.0 2536 2.59
YSF-322+  900-3200 17.0 22 200 21.0 2Bt ah 2.85

DC PWR. Voltage (nom.) 5v Current (max.) 145 mA OROHS compliant

Excellent combination of gain, noise, and distortion parameters.
These amplifiers meet or exceed other key performance
criteria with 20 dB gains, noise figures as low as 2.5, a 20 dBm
P1dB, and a 35 dBm IP3.

They even simplify PCB configuration, with a small footprint
(5x 6 mm) and no external matching requirements. Our MSiP™
design provides the internal feedback, matching, bias, and DC
blocking that make it all possible. So why wait? Place your order
today, and we'll have them in your hands as early as tomorrow.

MSiP
’ ‘MlNhCchuns SvsTeM IN Packace

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

[ Mini-Circuits’

ISO 9001 SO 14001 AS9100
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WIRELESS INFRASTRUCTURE TRENDS

equipment installers and maintainers,
providing turnkey wireless infrastructure
solutions for cellular/wireless carriers.
As an example, Multiband Corp. (www.
multibandusa.com) offers an extensive
list of wireless-infrastructure-related ca-
pabilities, including communications site

construction with both RF/microwave
and digital design and installation, site
surveys, inspections, repair and mainte-
nance, and even necessary preparation
for Federal-Communications-Commis-
sion (FCC) site licensing. These third-
party companies run the wireless infra-

BeRex, Your One-Stop Source
for pHEMT Power & LNA Devices

v’ Reliability you can depend on
v"  Excellent performance (Gain, Power & PAE)
v"  Proven in commercial & military applications

Ultra
LNA

Gate
(um)
0.15x160

FREQ.
(GHz)

1-40

BCLO16B

NF Ga Ids

(dB) (dB)
0.4 135 10 2

LNA specifications are typical at 12 GHz with Ids = 10mA; Vds =2V

Power Gate FREQ. Idss

pHEMT (um) (GHz) (mA)
BCP020T* | 0.25x200 1-26.5 65 177 24 60
BCP030T* | 0.25x300 1-265 95 15.6 255 65
BCP040T 0.25x400 1-26.5 120 14.0 26 65
BCP060T* 0.25x600 1-26.5 180 12.0 28.0 60
BCP060T2 | 0.25x600 1-26.5 180 12.0 29.0 65
BCPO8OT* 0.25x800 1-26.5 240 10.5 30.0 60
BCP0O80T2 | 0.25x800 1-26.5 240 11.5 30.0 65
BCP120T 0.25x1200 1-26.5 350 11.0 32.0 60
BCP160T 0.25x1600 | 1-26.5 500 105 33.0 60
BCP240T 0.25x2400 1-26.5 700 10.0 34.5 55

Power pHEMT specifications are typical at 12 GHz with Vds = 8V

All above devices are available as bare-die.

* indicates parts also available in a standard 70 mil SMT ceramic package

O

= 5 BeRex also offers a broad line of GaAs and
SiGe HBT gain blocks, amplifiers, dividers,
r and switches for RF applications.

Visit www.berex.com

BeRex, Inc. 1735 North 1st St. #302 San Jose, CA 95112 (408) 452-5595
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structure as a business, thereby freeing
cellular carriers to focus on their primary
responsibilities.

Large cell sites are beginning to share
wireless communications traffic, with
much smaller sites in the years to come—
many within buildings, malls, and other
public gathering places. In a market study
by Maravedis-Rethink (www.maravedis-
rethink.com), “Transforming the Mobile
Data Network: Operator Strategies for
Profitable Small Cell Networks 2012-216,”
which is based on a global survey of mo-
bile wireless communications operators,
two-thirds of smaller cellular base sta-
tions will be operating in bands above 2.2
GHzby 2016. This projects to several years
of strong growth for smaller cell sites from
2013, when the number of small sites in
bands above 2.2 GHz is less than 40%.
Both 3G and 4G equipment will be used
in the smaller cells, in spectrum of 2.3
GHz and above. According to the report,
the deployment of public-access small
cells for 3G/4G services will rise from less
than 30,000 in 2011 to about 11.3 million
by 2016, or CAPEX investment of about $4
billion. The smaller cells enable addition-
al mobile communications capacity in
the short-distance areas that they cover,
such as in and around shopping malls,
which will generate new revenue streams
for the carriers. Of course, securing loca-
tions for these smaller cells, managing
the cells, and making effective backhaul
connections will add to the complexity of
adding smaller cells to existing cellular
network infrastructure.

In support of smaller cell sites, a
number of companies have developed
integrated-circuit (IC) or system-on-chip
(SoC) solutions that essentially incorpo-
rate most of the radio components and
many of the digital components needed
for a complete cellular base station. For
example, the MAX2550 transceiver IC
from Maxim Integrated Circuits (www.
maxim-ic.com) can be supplied as part
of a package with a reference design
(Fig. 3) and operating software for in-
stalling a cellular femtocell. The pack-
age includes additional power amplifi-
ers, duplexers, a temperature-controlled
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Defense Electronics
Supplement Series

Are you hitting your targeted aerospace and de-
fense customers with your advertising message?
Don't miss out on opportunities in strong military
markets. You'll find potential customers reading
Penton’s Defense Electronics Supplement Series for the
latest electronics news, products, and technology for
aerospace and defense applications.

Four printed supplements in the series are mailed to
readers who have been carefully selected from the cir-
culations of Microwaves & RF, Electronic Design, and
Power Electronics Technology for their involvement in
military-electronics design and development. More
than 53,000 military-electronics specifiers will receive
these special supplements along with their regular
issues. Those readers will be treated to military-
electronics news, products, and technology in key
areas of interest to systems integrators. Examples
include highfrequency analog and digital electron-
ics, embedded computing and software, and power-
electronics technologies. They also will receive their
content from some of the top sources in electronic
journalism including Jack Browne, Technical Contributor
to Microwaves & RF, Bill Wong, Embedded/ Systems/Soft-
ware Editor of Electronic Design, and Mat Dirjish, Power/
Components/Interconnects/Packaging/Optoeleotronics
Editor of Electronic Design.

Want to hit your marketing targets in aerospace and de-
fense markets? Then deliver your message by advertising
in Penton’s Defense Electronics Supplement Series. Run
your message in one, two, or all four supplements, taking
advantage of attractive package price plans. Contact your
sales rep today!

WIRELESS INFRASTRUCTURE TRENDS

3. This reference
design can be sup-
plied for a number of
different WCDMA and
cdma2000 frequency
bands for quick devel-
opment of a wireless
base station. [Photo
courtesy of Maxim
Integrated Circuits

(www.maxim-ic.com).]

crystal oscillator (TCXO0), software drivers, and all necessary
passive circuit elements. The package even includes a perfor-
mance report on how the radio design complies with the Third-
Generation-Partnership-Program  (3GPP) TS25.104 home-
area base-station standard. The transceiver IC and reference
design operate over a base-transceiver-station (BTS) receive
band of 1920 to 1980 MHz and BTS transmit band of 2110 to
2170 MHz. It also supports downlink monitoring of surround-
ing cells. In addition, the company offers radio transceivers
and reference designs for additional cellular bands, including
full wideband-code-division-multiple-access (WCDMA) and
c¢dma2000° coverage.

On the digital side, Texas Instruments (www.ti.com) offers
its model TMS320TCI6616 SoC, which combines cellular phys-
ical-layer (PHY) technology with high-speed packet process-
ing capability. It features multiple TMS320C66x digital-signal-
processing (DSP) cores, combining for essentially 4.8 GHz of
equivalent DSP signal-processing capability. The SoC, which in-
cludes generous on-chip memory, can perform up to 76 billion
floating-point operations per second (76 GFLOPS). It is ideal for
use in smaller base stations, and provides the digital processing
power without need of additional external components, such as
field-programmable gate arrays (FPGAs).

Recently, Broadcom (www.broadcom.com) announced
a universal digital front end which essentially could serve any
number of different wireless platforms and standards with a sin-
gle-chip solution. The single-chip model BCM51030 is designed
to adapt automatically to any signal combination, including
CDMA, WCDMA, and LTE signals. Ideal for smaller cell sites,
it boasts improved efficiency with external amplifiers by means
of the company’s VersaLine™ digital predistortion technology. It
can work with any power amplifier technology, including with
silicon LDMOS, GaAs, and GaN amplifiers.

These few devices are just a sampling of the radio and digi-
tal solutions to come, with an eye for operating at lower power
levels in support of smaller, “greener” cell sites. The number of
large sites with towers will be expanding, but that growth will be
unmatched by the increase in smaller, mainly in-building wire-
less base stations. MWRF
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Preparing RF/MW Parts For

Space

PACE HAS BEEN called “the final
 frontier” in both fiction and reality,
- and it does represent a challenging

" market for many RF/microwave
companies. Components built for use on
orbiting satellites as part of communica-
tions links (to give one example) simply
cannot fail during the intended lifetime of
the satellite, which is typically 10 years or
longer. After all, there is no luxury of “mak-
ing a house call” for maintenance. Along
with high reliability, there is also the ex-
pectation that performance remains at the
highest levels, with minimal degradation,
for at least a decade (see figure).

Ensuring reliability is an essential step
in preparing any RF/microwave compo-
nent or subsystem for an application in
space, but it is only one of many require-
ments that must be met before an elec-
tronic device can be considered a “space-
qualified” part.
sales in space must first ensure that their

Companies pursuing

manufacturing facilities meet the require-
ments for producing space-qualified com-
ponents—typically through a set of guide-
lines as detailed in the MIL-PRF-38534
Class K standards for commercial and
government spaceflight equipment. The
MIL-PRF-38534 Class K documentation
applies to military specification for micro-
circuits and multichip modules (MCMs)
for use by the US Department of Defense
(DoD) and other government agencies.
However, MIL-PRF-38534 Class K is
only one such document or guideline for
companies interested in pursuing space-
grade components. Since it is gener-
ally true that most companies selling into
space-based applications are also design-

Companies seeking to sell their RF and microwave
electronic products into space must meet a rigid sef
of requirements, ensuring the highest reliability for
prolonged periods of service.

NASA technicians evaluate the temperature effects of atmospheric re-entry on electronic

materials. [Photo courtesy of NASA (www.nasa.gov).]

ing and manufacturing parts for military
and aerospace applications, firms that
intend to serve both markets will usually
comply with a number of different speci-
fication guidelines. These include mili-
tary documents MIL-STD-202, MIL-STD-
883, MIL-STD-790, and MIL-STD-1344,
as well as several NASA (www.nasa.gov)
documents.

The MIL-STD-202 documentation, for
example, covers guidelines for vibration,
thermal shock, and mechanical shock,
while MIL-STD-883 provides details on
salt spray testing, temperature cycling, im-
mersion, barometric pressure, and shock.
In truth, many of these may be more ap-
propriate for maritime applications. But
because the reliability requirements for
space applications are so demanding, a

combination of military standards is typi-
cally needed to ensure that a component
or assembly is “ready” for deep space use.

As an example, SV Microwave (www.
svmicro.com) is a supplier of space-qual-
ified RF/microwave connectors and com-
ponents. The company has processes and
systems for MIL-STD-202, MIL-STD-790,
and MIL-STD-1344 requirements, and
performs high-reliability (hi-rel) screen-
ing for a number of parameters that can
impact reliability in space or even in criti-
cal ground-based requirements. Among
these are screening for contact stresses,
separating forces, solderability, and plat-
ing adhesion in components and assem-
blies. In addition, the company has an
approved destructive physical analysis
(DPA) laboratory for evaluating its space-
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FLATGAIN WIDEBAND =rpiifiers

flatness from +0.7dB across 0.1-6 GHZz

Our new GVA-62+ and GVA-63+ amplifiers are spot-on
for high performance base stations, portable wireless,
LTE and cellular, CATV/DBS systems, MMDS, and
wireless LANs. They make excellent gain blocks for
almost any 50Q circuit. DC power as low as 5V/69 mA
delivers a typical output power of 18 dBm, unconditional
stability, and built-in ESD protection, all with no external
matching components required!

IP3 up to 38dBm

Just go to minicircuits.com for technical specifications,
performance data, export info, pricing, real-time
availability, and everything else you need to make your
selection today—for delivery as soon as tomorrow!

Model  Freq. Range Gain Poyr  Price $ ea.
(MHz) (dB) (dBm) (Qty. 20)

GVA-62+  10-6000 15 18 0.99

GVA-63+  10-6000 20 18 0.99

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

qualified products. Prior to shipment, the
firm can provide documented verification
of any number of key reliability param-
eters, including adhesion, axial contactre-
tention, contact engaging and separation
forces, solderability, joint destruct torque,
epoxy captivation, and full design review
and verification.

For any company, selling
into space requires a consid-
erable investment in labora-
tory equipment and training
to use that equipment prop-
erly. For example, satcom
component and assembly
supplier MITEQ
miteq.com) relies on five
Class 100,000 clean rooms
and two Class 10,000 clean
rooms to support manufac-
turing of components and
assemblies for its military
and hi-rel space business-
es. In addition to electrical
and environmental test equipment, every
circuit element that goes into an RF/mi-
crowave component intended for use in
space must be carefully considered. Parts
that are needed for an oscillator, for in-
stance, must meet the requirements as set
forth by the governments Qualified Prod-
ucts List (QPL). Alternately, when specific
circuit elements are not available with the
proper screened designation, they must
be up-screened through the use of a speci-
fication-controlled drawing (SCD).

Military-grade parts may be adequate
for some space applications. By way of
example: For an oscillator, chip resistors
screened to MIL-PRF-55342 military re-
quirements and chip capacitors screened
to MIL-PRF-55681 requirements are read-
ilyavailable for use in military circuits; they
can also provide high reliability for space-
based designs. But when space customers
demand it, the highest-reliability parts,
such as Class T for resistors and Class S for
capacitors must be used.

Although the reliability required of
space-based components is easily asso-
ciated with the performance needed in
military electronic systems, many space-
based applications are actually commer-

military

(www.

applied

to ensure.

deep-space
" readiness:

48

Numerous

standards
are typically .

cial. Think of the many satellite-com-
munications (satcom) systems used for
commercial broadcast television services,
telephone services, computer networking,
and other high-speed digital services, not
to mention the Global Positioning System
(GPS) satellites so often used for position
information. To give an idea of
the many thousands of satel-
lites currently in orbit around
the Earth, either active or de-
caying, EchoStar XVII was
launched this past summer.

Manufacturing a compo-
nent such as an oscillator for
space requires using the prop-
er materials and following the
proper guidelines. Using stan-
dardized circuit elements and
parts—from such lists as the
QPL, the NASA Parts Selection
List, and the NASA Goddard
Space Flight Center (GSFC)
Preferred Parts Lists (which
are screened for the effects of radiation
in space)—can help the overall process
of documenting reliability, but it will also
add to manufacturing costs. And the costs
of components for space far outweigh the
costs of those for terrestrial use.

An RF/microwave component that

.

has been readied for space use has been
through extensive testing and inspections.
It must be made with space-approved
materials, and even the circuit elements
within the component must be qualified
for use in space. As an example of a space-
qualified oven-controlled crystal oscilla-
tor (OCXO0), model 0SC029 from TRAK
Microwave Corp. (www.trak.com) has
been space qualified for atleast 10 years of
in-orbit operating life. The S-level OCXO,
which operates at 10.3 GHz, exhibits long-
term stability of 1.2 ppm over 10 years,
with outstanding spurious performance
of typically -95 dBc. The phase noise is
a mere —95 dBc/Hz offset 2 kHz from the
carrier. Designed for a space environment,
itis rated for baseplate operating tempera-
tures from -15 to +65°C.

Many suppliers of space-grade compo-
nents and assemblies refer to their track
record of success in space as an assur-

ance that its products will be 100% reli-
able when put to work. Dow-Key Micro-
wave (www.dowkey.com), for example,
refers to its 42-year heritage and its use of
a dedicated group for its space products,
with zero failures in its past. Similarly,
Teledyne Cougar (www.teledyne-cougar.
com) points to its 22-year legacy of supply-
ing components for space missions—as
well as its MIL-PRF-38534 Class K certi-
fication. Suppliers of miniature passive
components and waveguide assemblies,
respectively, Anaren Microwave (www.
anaren.com) and ARRA, Inc. (www.arra.
com) have also built strong reputations as
space-level component manufacturers.
W.L. Gore & Associates (www.gore.
com) has provided its cable assemblies
to more than 70 satellite programs since
1976, with a 100% failure-free flight record.
EMC Technology (www.emc-rflabs.com)
has even gone as far as creating a space-
level product working reference sheet,
available for free download on their web-
site, by which customers can review differ-
ent options for screening their component
orders for space-level requirements.
Finally, given the high price of space-
grade components and assemblies, some
companies have considered ways to cut
costs for their space-level customers with-
out sacrificing reliability. Merrimac Indus-
tries (www.merrimacind.com), which has
supplied everything from power dividers
to complete beam-forming networks for
space platforms, has developed a pro-
gram called Merrimac Space Qualified
Products (MSQP). The MSQP program
was created to reduce the complexity of
procuring RF/microwave components for
space. It builds on Merrimac’s heritage of
designing and shipping hi-rel military and
space-qualified components for a large
number of systems and already having
documentation and screening levels set
for those components; in effect, the com-
pany has created a list of “standard” com-
ponents that are already qualified for use
in space. Customers can select a part from
the MSQP list, or have Merrimac create a
specification for the component they need
based on the MSQP design, process, quali-
fication, and screening guidelines. MWRF
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 VERY YEAR, the Association of Old

- Crows (AOC; www.crows.org) gath-
~ ers in a different city. This profes-

~ sional organization is comprised of
past, present, and future soldiers, along
with the electronics manufacturers hop-
ing to supply their battlefield needs. This
year, the 49th Annual International AOC
Symposium & Convention took place
Sept. 23-26 at the Phoenix Convention
Center (Phoenix, AZ).

Keynote addresses included a talk on
the evolution of the National Security
Agency (NSA; www.nsa.gov) by Dr. Eric
Haseltine, the agency’s former Director
of Research. Also featured was a discus-
sion on the future needs for small-signal
detection on the battlefield presented by
Jeff Jones, Fellow and Chief Scientist of the
IBM Analytics Group (www.ibm.com).
In addition, the exhibition floor was
filled with a large number of company
representatives and their visitors.

In terms of emerging RF/micro-
wave technology, the relatively small
exhibition floor was bustling with points
ofinterest, including the show of Spatium™
power amplifier technology from CAP
Wireless (www.capwireless.com). These
are reliable solid-state amplifiers based on
gallium arsenide (GaAs) or gallium nitride
(GaN) device technologies, using quasi-
optical combining to sum the outputs of
individual solid-state devices or ampli-
fiers in free space, rather than through a
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Crows Fly High At
49th Annual AO

The 2012 Edition of the Association of Old Crows (AOC)
Infernational Symposium and Convention offered

a diversified educational program—along with an
energetic exhibit hall—for fans of military elecfronics.

stripline or microstrip power combiner
with much greater loss (and loss of output
power). By combining the contributions
of individual monolithic-microwave-
integrated-circuit (MMIC) amplifiers, the
company has developed Spatium power
amplifiers operating through 40 GHz.

The Spatium technology appeals to
various branches of the US military for
its capability of delivering high output-
power levels in much smaller and lighter
packages than the technology it replaces,
traveling-wave-tube amplifiers (TWTAs).
Another positive aspect of the Spatium
amplifiers is that they undergo what is
known as a “soft” failure mode. Even if one
or more of the solid-state amplifiers in a

1. This compact solid-state amplifier
delivers as much as 100 W in a single
channel at X-band frequencies and can
replace much larger, heavier TWT
amplifiers. [Photo courtesy of CAP
Wireless (www.capwireless.com).]

Spatium enclosure fail, the amplifier will
continue operating, albeit with reduced
gain and output power.

CAP Wireless brought several examples
of this technology to the AOC exhibition,
notably an X-band amplifier developed for
electronic-warfare (EW) applications (Fig.
1). Available as a single-channel design
with 100 W output power, or a dual-chan-
nel amplifier with 50 W output power per
channel, the X-band amplifier is a direct
bolt-in replacement for TWTAs in EW sys-
tems. From 8 to 11 GHz, a model XS259900
dual-channel X-band amplifier provides
better than 30% drain efficiency.

For a look at the alternative technology,
visitors to the dB Control (www.dbcontrol.
com) booth could size up the dB-3902
power-combined TWTA (Fig. 2) with as
much as 8 kW peak output power at 6%
duty cycle from 4 to 8 GHz. It employs
two periodic-permanent-magnet
(PPM) -focused traveling-wave tubes
(TWTSs) to achieve its rates output pow-
er. The firm minimizes losses through
the power combiners, carefully match-
ing the amplitude and phase characteris-
tics of the two TWTs for optimum amplifier
performance. The C-band model dB-3902
provides 60-dB minimum gain from 4 to 8
GHz with better than —10 dBc harmonics
and -50 dBc spurious levels. It includes
numerous protection functions, including
against TWT over-temperature and TWT
helix over-current conditions.
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Communications & Power Industries
(www.cpii.com) was also on hand at the
49th AOC with an example of its high-
power vacuum-tube capability in tow: the
model VTX-5682A pulsed coupled-cavity
TWT, with 30 kW peak output power (at
1% pulsed duty cycle) from 9.0 to 9.5 GHz.

It is designed for use with 0.25-W input
power and 50-ps pulse widths. The tube
provides 48-dB gain, and is equipped with
WR-90 waveguide input and output ports
to handle the high power levels.

Micro Lambda Wireless (www.mi-
crolambdawireless.com) showed several

Virtual VNA

Real Performance. Real Value.

PLANAR 804/1
Vector Network Analyzer

300 KHz -

8.0 GHz

Frequency and time domain
measurements, fixture simulation,

gating, and mixer testing
capabilities - all standard.

Other models available at

www.coppermountaintech.com

COPPER MOUNTAIN
TECHNOLOGIES

2. Model dB-3902 is a power-combined
TWTA with as much as 8 kW peak output
power from 4 to 8 GHz. [Photo courtesy
of dB Control (www.dbcontrol.com).]

examples of its YIG-based technology,
including its lines of tunable filters and
oscillators. The firm also displayed the
capabilities of its frequency synthesiz-
ers, including the MLSP Series sources
for frequency bands of 2 to 18 GHz and 2
to 20 GHz. These YIG-based synthesiz-
ers include models MLSP-2018 (with a
frequency range from 2 to 18 GHz) and
MLSP02020 (which runs from 2 to 20
GHz). The synthesizers tune with 1-kHz
resolution and can switch frequencies as
fast as 1 ms. Typical spurious levels are
—60 dBc; phase noise is typically -93 dBc/
Hz offset 10 kHz from the carrier and —114
dBc/Hz offset 100 kHz from the carrier.
FEI-Elcom Tech (www.elcom-tech.
com) also showed its frequency synthesiz-
ers at the AOC exhibition hall, although
with slightly faster switching speeds. The
firm’s UFS line of ultrawideband frequen-
cy synthesizers includes models cover-
ing 0.3 to 3.0 GHz (model UFS-3), 0.3 to
4.0 GHz (model UFS-4), and 0.3 to 18.0
GHz (model UFS-18) with +10-dBm typi-
cal output power across their frequency
ranges. These synthesizers shift frequen-
cies in about 250 ns for a full-band switch,
and tune with 1-Hz frequency resolution.
Harmonic levels are only -50 dBc while
spurious levels are —65 dBc. The frequen-
cy synthesizers boast a low phase-noise
floor of —147 dBc/Hz through 18 GHz and
phase noise of only —135 dBc/Hz offset 1
MHz from a 10-GHz carrier. The sources
are ideal for applications in EW systems,
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in signal-intelligence (SIGINT) systems,
automatic-test-equipment (ATE) systems,
and for frequency-agile radar systems.

At the system level, ITT Exelis (www.
exelisinc.com) announced its Exelis GPS
Interference, Detection, and Geolocation
(IDG) system for near real-time geoloca-

tion of intentional and unintentional GPS
jamming sources; it operates through a
network of sensors and advanced geo-
location technology. IDG technology is
based upon a network of threat-detection
sensors networked to a centralized server
running Exelis geolocation algorithms.

DON'T LET THE SAME OLD
SUPPLIER SOLUTION RAIN ON YOUR
DEVELOPMENT PARADE.

‘WE’VE GOT YOU COVERED!
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solutions are currently redefining “State of the Art.” For more information,
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The IDG system can detect, analyze, and
geolocate any hostile signal sources and
send the captured intelligence through a
secure network.

During the AOC event, BAE Systems
(www.baesystems.com) announced
several items of good news. The firm’s
Australian arm had been awarded a con-
tract from the New Air Combat Capabil-
ity (NACC) Program to develop an opera-
tional model to integrate the Joint Strike
Fighter (JSF) into the Australian Defense
Environment. Also, the company had
been selected by major defense contrac-
tor Raytheon Co. (www.raytheon.com) to
help develop the US Air Force’s Dismount
Detection Radar (DDR). The company will
lead the development of the DDR’s radar
command, control, processing, exploita-
tion, dissemination, and mission-plan-
ning modules. The radar will be mounted
under the wings of MQ-9 Reaper aircraft;
it is intended to provide information for
Air Force intelligence, surveillance, and
reconnaissance (ISR) missions.

Also during the AOC exhibition, Mer-
cury Computer Systems (www.mc.com/
microwave-1f) announced its Echotek’
Series SCFE-V6-4QSFP-OVPX OpenVPX™
fiber-optic input/output (I/O) module,
which has the capability to transfer and
process data across 16 channels in a single
OpenVPX slot. Ideal for EW applications,
the module combines 16 high-speed
channels with three powerful Virtex'-6
field-programmable gate arrays (FPGAs)
from Xilinx (www.xilinx.com).

On the AOC exhibition floor, X-COM
Systems, LLC (www.xcomsystems.com),
a subsidiary of Bird Technologies, demon-
strated Version 3.0 of its RF Editor Graphi-
cal RF Editor software. The program sup-
ports the creation and modification of
custom RF signal waveform files for use in
defense, commercial, and system verifica-
tion applications. It is suitable for modi-
fying captured radar, jammer, and com-
munications signals to create simulated
threat scenarios. The software can work
with files from spectrum and signal ana-
lyzer, in addition to waveform segments
created in MATLAB and other third-party
scientific programming languages. MWRF
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\S WITH multiple bandstop characteristics
e useful for multiple-network applications. By
~inserting C-shaped slots in various antenna config-

urations, it has proven possible to create a desired
:" frequency stopband. Such antennas have value for
, “selected bands within the US Federal Communi-
cations Commission’s (FCC's) approved ultrawideband (UWB)
frequency range from 3.1 to 10.6 GHz.! Antennas are critical com-
ponents in UWB systems that must be carefully designed for sta-
ble radiation patterns and polarization as well as good matching
and low dispersion. The current researchers discovered that by
etching a C-shaped slot in the radiating element, a compact

Arming
AnNtennas

)ual Bandstops

Building a notch into an UWB antenna eliminates the need for
the notch filter that would normally prevent interference with
WLAN systems at 5 GHz.

UWB antenna can be fabricated with strong band-notched char-
acteristic from 5 to 6 GHz.

In recent antenna developments, planar printed antennas fed
with microstrip or coplanar-waveguide (CPW) transmission lines
have received a great deal of attention for their high radiation ef-
ficiencies in compact sizes, as well as their ease of integration with
other circuits. CPW-fed antennas are appealing because their
feed lines and slots are on one side of the substrate.?

For wideband coverage, different patch geometries have been
developed, including X-shaped,® fork-shaped,* square-shaped,®
elliptical-shaped,® spade-shaped,” and circular-shaped?® patches.
Because the 5.150-t0-5.825-GHz band is limited by IEEE 802.11a
for wireless-local-area-network (WLAN) applications, any UWB

5
53
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@ 303
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Frequency—GHz
1. @ with a full rectangular radiating patch
2.....A.... with the modification on the bottom side
3. ----B3---- with the cuts on the upper comers
4. ----{O---- with the small angle on each side of the ground plane

1. These steps show the process of improving a patch antenna
with built-in notches.

2. These curves represent simulated reflection coefficients for
different shapes of the radiation patch and the ground plane.
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ANTENNAS WITH NOTCHES

3. This diagram shows
the configuration of

proposed antenna A.

system must use a
band-notch filter to
prevent interference
with WLAN systems. Of
course, adding a filter
increases UWB system
complexity; ideally, the
notch can be included
in the antenna.

Various  methods
can achieve an anten-

L1

na with band-notched
characteristics.  Con-

ventional approaches r

R
Dielectric ¢, tan & ¢ H

including cutting a slot

(such as a U-, C-, or V-
shaped slot) into the antenna patch.>'!
While this technique typically achieves
a notch for one band, it doesn’t prevent
interference on other narrow bands.
More recently, antennas with two notched
bands have been proposed.’>'® But most
of these notched antennas are large in
size and not suitable for compact wireless
designs.

As an alternative to these larger anten-
na designs, a compact UWB antenna was
developed that measures just 28 x 30 mm.
By etching a C-shaped slot in the radiat-
ing element, a single band-notched char-
acteristic from 5 to 6 GHz was obtained.
And by etching two nested C-shaped slots
in the radiating patch, dual band-notched
characteristics can be achieved for the
compact UWB antenna.

Rectangular patch antennas are typi-
cally known to provide narrowband char-
acteristics. To improve the operating
bandwidth, the authors shaped the bottom
of the antenna patch into an arc. In practi-
cal applications, the size of ground plane
is finite and the direction of maximum
radiation tilts somewhat upward from the
horizontal plane. To reduce this beam ftilt-
ing, the ground plane of the proposed an-
tenna was designed for a rounded rather
than a rectangular shape. The arc-shaped
patch and tapered ground plane make
good broadband impedance matching of

the antenna possible. To further expand
the impedance bandwidth, several forms
were etched from the patch: a right-angle
triangle on the upper corners of the patch
and a small fan angle on each side of the
ground plane near the feed line.!s These
improvements are highlighted in Fig. 1.
Figure 2 shows a comparison of the
simulated reflection coefficient (Sy;) for
an antenna with full rectangular radiating
patch with an antenna modified on the bot-
tom—with cuts on the upper corners and
the small angle on each side of the ground
plane—when all the dimensions are the
same. The first line demonstrates the rect-
angular patch antenna has a narrowband
characteristic. The second line shows the
impedance bandwidth is broadened when
the bottom of the patch is shaped into an

4. This diagram shows the configuration
of proposed antenna B.
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e Gold, Tin, Silver and Plafinum Terminations
e 150 pF X7R from 10x10 mils
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e Custom Diced to Your Value and Size

¢ |nstant Bonding Pads
e Height Matching Reduces lead
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sstom Patterns and Shapes
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ANTENNAS WITH NOTCHES

5. These curves 6.0:1

compare the
simulated VSWRs

e ANEANG A

Antenna B

5.0:1
of antennas A and B. :

4.0:17
arc. On the basis of | £
this, the third line | 2 50.]
about the upper cor-
ners  modification 2.0:14
indicates that the
bandwidth has been 1.0:1
further  expanded .

Frequency—GHz

compared with the
second line (the main advantages that
this modification is reducing the lowest
frequency). The fourth line demonstrates
the small angle on each side of the ground
plane near the feed line will affect the char-
acteristic impedance of the CPW line and
also contribute to the modified antenna’s
very wide impedance bandwidth.'®

Figure 3 shows the final geometry of
the proposed antenna (referred to as an-
tenna A),'® which was measured 28 x 30
mm printed on FR-4 substrate. The cir-
cuit-board material has 1.6-mm thickness,
relative permittivity of 4.4, and loss tangent
(tan 8) of 0.02. The antenna is formed in
the x-y plane with normal direction paral-
lel to the z-axis. The center strip and gap of
the CPW line are 3.6 and 0.3 mm, respec-
tively, to achieve a 50-Q characteristic port
impedance. The improvement steps men-
tioned earlier contribute to good imped-
ance matching across a wide bandwidth.

The antenna’s geometric parameters
were optimized for S;; < -10 dB across the
full frequency range using ANSYS HFSS
11.0 electromagnetic (EM) simulation

mm, L7 =54 mm E3 - 129 mm, R= 15
mm, g = 0.7 mm, f = 3.6 mm, ¢ = 0.3 mm,
t= 0.3 mm, and H = 1.6 mm. By selecting
optimal parameters, the proposed an-
tenna can be tuned to operate across the
UWB band.

Since UWB radios share part of the
spectrum with HIPERLAN/2 applica-
tions (5.15 to 5.35 GHz and 5.470 to 5.725
GHz) and WLAN applications using the
IEEE 802.1la protocol (5.15 to 5.35 GHz
and 5.725 to 5.825 GHz), an UWB antenna
with reconfigurable band-rejection char-
acteristic at WLAN frequencies is highly
desirable. Several designs of UWB anten-
nas with band-rejection characteristics
have been investigated and successfully
implemented in the past. The simple and
commonly used approach is to incorpo-
rate slots into the antennas’ main radiator.
Figure 4 shows a schematic diagram of the
UWB planar antenna (referred to as an-
tenna B) with filtering property operating
in the 5-to-6-GHz band.

Band-notched operation is achieved
by using a C-shaped slot in the radiat-

software from Ansys
(www.ansys.com). E Field[¥/m]
1. 6564e+885
n n
The final antenna g
geometry  param- 1. 44Qk4e+085
: 1. 345824005
eters were obtained i ieens
as L1 = 28 mm, L2 1,1388e+005
e - . 1.0353e+005
= 30anm; 3= 135 S
mm, 4= 5 mm, L5 8. 2822e+004
7. 2470 +004
=1.5mm, L6 = 10.8 L
5.1765e+004
g . 4, 1413e+00Y4
6. This diagram 3. 10614004
simulates current 2.8709e+084
Doty - 1.8356e+084
distributions at 5.5 S
GHz for antenna B.
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7. This is the

S R4

R1 R2

physical configura-
tion of proposed
antenna C.

is possible by insert-
ing a C-shaped slot
in the antenna’s
radiating patch.
Compared to an-
tenna A, this single
band-notched UWB
antenna (antenna

ing patch of antenna A. When the band-
notched design was applied to antenna A,
no retuning work was required for the pre-
viously determined dimensions. A simple
relationship shows the notch frequency
(faoten) for the dimensions of the band-
notch feature:

foaten = 6/, [ZL(Eeff 0‘5] 1)
where:

L = the total length of the C-shaped slot;
ecfr = the effective dielectric constant of the
substrate; and

c=the speed of light in free space.

In this design, the C-shaped slot was
chosen to be nonresponsive close to about
0.33\ at the center frequency of the de-
sired notched-band, where A is the wave-
length at the center frequency of the rejec-
tion band. The final design parameters of
the C-shaped slot were chosen to be R1 =
4.3 mm and R2=4.5 mm.

Figure 5 plots simulated VSWR for the
antenna, illustrating that a sharp stopband

B) successfully blocks out the 5-to-6-GHz
band while maintaining good impedance
matching at other frequencies across the
UWB band.

Figure 6 shows the current distribu-
tion around the slot of antenna B at the
5.5-GHz notch frequency. At 5.5 GHz, the
current flows mainly around the C-shaped
slot. The impedance is nearly zero at the
top of the slot and the impedance is very
high near the antenna feed line. In this
case, the high impedance at the feed point
leads to the desired impedance mismatch
near the 5.5-GHz notch frequency.

In addition to WLAN systems, WiMAX
(3.3 to 3.6 GHz) and C-band communica-
tions systems (3.7 to 4.2 GHz) may inter-
fere with UWB communications systems,
prompting the need for antennas with
multiple notched bands. Antennas with
dual notched bands can be realized by us-
ing two nested C-shaped slots in the radi-
ating patch (antenna A), which can yield
band-notched characteristics centered
at 3.4 and 5.5 GHz, respectively. Figure 7
shows the geometry of the UWB anten-
na (referred to as antenna C) with dual

notched-band char-

6.0:1

5.0:1

e A R [ W e L0 |

- Antenna A

- Antenna B

acteristics. Since
mutual  coupling
exists between the
exterior and interior
C-shaped slots, the
HFSS simulated val-
ues did not match

Antenna C

8. These curves com-

pare the simulated

Frequency—GHz

VSWRs of antennas
A, B, and C.
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ANTENNAS WITH NOTCHES

. tion plots of antenna

45 C; the radiation pat-

23 terns of antenna
2; 0] A and antenna B
5 o are not depicted.
- -43 From the analysis
'5—5 presented in ref.
'8:0 < 7 = 12, these proposed
Frequency—GHz band-notch struc-

tures have minimal

9. This plot shows the simulated gain of proposed antenna C.

the predicted values. The optimized de-
sign parameters are R1 =4.5 mm, R2 = 4.2
mm, R3 = 4.0 mm, and R4 = 3.7 mm.

Figure 8 shows simulated VSWR as a
function of frequency for proposed an-
tenna C. Results of the reference antennas
without band-notched characteristics and
with single band-notched characteristic
are also shown for comparison. Antenna
C, with its two notched bands, exhibits
notched bands of 3.3 to 3.6 and 5 to 6 GHz,
while maintaining wideband performance
from 2.2 to 13 GHz for VSWR £2.0:1, cover-
ing the entire UWB frequency range.

The proposed antenna design features

two strong notched bands, created by the
two nested C-shaped slots. Figure 9 shows
simulated gain. As expected, sharp gain
decreases occur in both

influence on the ra-
diation patterns of
an UWB antenna.

In summary, the structural modifica-
tions detailed for patch antennas success-
fully achieve sharp notches where needed
across the frequency ranges of UWB an-
tennas. As was shown, by inserting two
nested C-shaped slots in the radiating
patch, notches of 3.3 to 3.6 GHz and 5 to 6
GHz (representing WIMAX and WLAN fre-
quencies, respectively) can be obtained.
Owing to the simple structure and ease of
impedance matching, the proposed an-
tennas should be profitable for multiband
applications. MWRF

REFERENCES

1. First report and order in the matter of revision of
Part 15 of the Federal Communication Commission’s
rules regarding ultra-wideband transmission

systems, FCC (www.fcc.gov), ET-Docket 98-
153, 2002.

2. F. Yu and C.-H. Wang, “Tiny antenna arms UWB
applications, Microwaves & RF, Vol. 49, No. 13,
2010, pp. 54-60.

3. A. Mehdipour, K. Mohammadpour-Aghdam, R.
Faraji-Dana, and M.-R. Kashani-Khatib, “A Novel
Coplanar Waveguide-Fed Slot Antenna for
Ultrawideband Applications,” |IEEE Transactions on
Antennas and Propagation, Vol. 56, No. 12, 2008,
pp. 3857-3862.

4. K-S. Ryu and A-A. Kishk, “UWB Antenna With
Single or Dual Band-Notches for Lower WLAN Band
and Upper WLAN Band, ” |EEE Transactions on
Antennas and Propagation, Vol. 57, No. 12, 2009,
pp. 3942-3950.

5. M. Ojaroudi, C. Ghobadi, and J. Nourinia, “Small
Square Monopole Antenna With Inverted T-Shaped
Notch in the Ground Plane for UWB Application,”
IEEE Antennas and Wireless Propagation Letters,
Vol. 8, 2009, pp. 728-731.

6. S. Nikolaou, N.-D. Kingsley, G.-E. Ponchak,
J. Papapolymerou, and M.-M. Tentzeris, "UWB
Elliptical Monopoles With A Reconfigurable Band
Notch Using MEMS Switches Actuated Without
Bias Lines,” |IEEE Transactions on Antennas &
Propagation, Vol. 57, No. 8, 2009, pp. 2242-2251.
7. W.-T. Li, X.-W. Shi, and Y.-Q. Hei, “Novel Planar
UWB Monopole Antenna With Triple Band-Notched
Characteristics,” |IEEE Antennas and Wireless
Propagation Letters, Vol. 8, 2009, pp. 1094-1098.
8.Y.-J. Dong, W. Hong, Z.-Q. Kuai, and J.-X. Chen,
“Analysis of Planar Ultrawideband Antennas With
On-Ground Slot Band-Notched Structures,” |EEE
Transactions on Antennas and Propagation, Vol. 57,
No. 7, 2009, pp. 1886-1893.

9. K. Chung, J. Kim, and J. Choi, “Wideband
microstrip-fed monopole antenna having frequency
band-notch function,” IEEE Microwave and Wireless
Components Letters, Vol. 15, No. 11, 2005, pp.
766-768.

10. F. Yu and C.A. Wang, “A CPW-Fed Novel
Planar Ultra-Wideband Antenna with a Band-Notch
Characteristic,” Radioengineering, Vol. 18, No. 4,
2009, pp. 551-555.

11. Y. Kim and D.-H. Kwon, “CPW-fed planar ultra
wideband antenna having a frequency band notch
function,” Electronics Letters, Vol. 40, No. 7, 2004,
pp. 403-405.

12. Q.-X. Chu and Y.-Y. Yang,

the 3.3-t0-3.6-GHz and
5-t0-6-GHz bands. How-
ever, for other frequen-
cies outside the rejected
bands, the antenna gain
is nearly constant across
the entire UWB band.
Figure 10 shows the
simulated radiation pat-
terns for the proposed
antenna, at 3 GHz, 6 GHz,
9 GHz and 12 GHz for
E- and H-plane patterns.
The greatly distorted ra-
diation pattern at 12 GHz
[Fig. 10(d)] is caused by
seriously unequal phase
distribution on the an-
tenna aperture and in-

-180

-180
(c) 9 GHz

“A Compact Ultrawideband
Antenna With 3.4/5.5
GHz Dual Band-Notched
Characteristics,” .:|EEE
Transactions on Antennas and
Propagation, Vol. 56, No. 12,
2008, pp. 3637-3644.

— E-plane
-= H-plane

-180

13- Y.-S. lLi, ¥ B. Yang,and
Y. Bai, “"Tiny UWB antenna
notches two bands,”
Microwaves & RF, Vol, 51, No.
2, February 2012, pp. 81-84.
14. ‘H.-J.: Zhou, B.-H. Sun,
Q.-Z. Liu, and J.-Y. Deng,
“Implementation and
investigation of U-shaped
aperture UWB antenna
with dual band-notched
characteristics,” Electronics
Letters, Vol. 44, No. 24, 2008,
pp. 1387-1388.

15. C.-¥! ‘Huang :C.-Y.,
C.-C. Lin, and W.-F. Chen,

— E-plane
== H-plane

120
— E-plane
== H-plane

-180
(d) 12 GHz

“Multiple band-stop bow-tie
slot antennas for multiband
wireless systems,” IET
Microwaves Antennas &
Propagation, Vol. 2, No. 6,
2008, pp. 588-593.

16. M.-A. Matin, "Ultra
Wideband Communications:
Novel Trends—Antennas and

— E-plane
== H-plane

‘creased magnitudes of
higher-order modes. The
four plots show the radia-

62

10. These simulated H- and E-plane antenna radiation patterns were made at
(a) 3 GHz, (b) 6 GHz, (c) 9 GHz, and (d) 12 GHz.

Propagation,” InTech Open
Access Publisher, Croatia:
Rijeka, 2011, pp. 239-254.

October 2012 | Microwaves&RF



JFW Industries

Call 317-887-1340
Toll Free 877-887-4JFW (4539)
E-mail sales@jfwindustries.com
Visit www.jfwindustries.com




SKYWORKS

BREAKTHROUGH SIMPLICITY

Ceming Seen te a Mebile Platrerm Near You

www.skyworksinc.com



DesignFeature

WEIHU XI YANG YING-ZENG YIN WEI-JUN WU
Doctor Doctor Professor Doctor

National Key Laboratory of Science and Technology on Antennas and Microwaves,

Xidian University, Xi'an, Shaanxi 710071, People’s Republic of China;
e-mail (Wei Hu): mwhuwei@163.com

Slot Antenna Uses
Dual Polarization

This novel, compact dual-polarized antenna achieves low Cross polarization
and broad beamwidths across a wide frequency range, even when fabricated

on low-cost FR-4 PCB material.

UAL-POLARIZED ANTENNAS have often brought excep-

ional performance to wireless communications systems,
at the same time reducing occupied space in wireless base
stations. While a variety of dual-polarized antenna designs
have been developed for this purpose,'’2 there is always room
for improvement. With that goal in mind, the current researchers
developed a novel dual-polarized broad beamwidth slot antenna
with low cross-polarization and high isolation.

This design features special T-shaped and cross-shaped slots
to achieve symmetrical radiation patterns at slanted +45-deg. po-
larization angles, and with low cross-polarization between the
radiation patterns. High isolation between the two feeding ports
is accomplished by means of two shorting pings, and the beam-
width is broadened by placing eight upright parasitical metal rods
around the antenna. The antenna’s frequency coverage of 2.26 to
2.75 GHz makes it suitable for WiMAX applications.

Dual-polarized antennas are often used in wireless commu-
nications systems to enhance signal reception quality. Compared
with the use of space diversity, a dual-polarized antenna can help
effectively reduce the space occupied by the antenna systems in a
wireless base station. Dual-polarized antennas have been realized
by means of several different design approaches—for example,
achieving high input-port isolation and wide bandwidth when
using aperture coupling feeds.!'6 But this type of antenna suffers
from obvious cross-polarization radiation caused by higher-order-
mode transverse currents.

To reduce cross-polarization, a number of other feed types
have been reported.”? It has been found that higher-order modes
can be suppressed when the antenna is symmetrically excited by a
dual-feed system with a phase difference of 180 deg.”1°If a mean-
dering probe'""'?is employed instead of a straight probe, the probe
radiation can be further reduced. Unfortunately, while these an-
tennas exhibit lower cross-polarization than the aperture coupling
types, they require much more complex structures and may not be
practical for all engineering applications.

Some wireless applications, such as WIiMAX, pose rigorous
requirements in terms of broad bandwidth, along with the need
for the system antennas to provide a uniform response over ap-

Microwaves&RF | visit www.mwrf.com

proximately the entire upper hemisphere and stable gain ata low
angle. These demands call for tight control of radiation character-
istics, and a number of design methods have been documented
accordingly. These include the use of loading gaps and stubs,3
incorporating a corner reflector,'4 and applying a microstrip di-
electric structure.'® But broad-bandwidth techniques have sel-
dom been associated with dual-polarized-antenna designs.

Units: mm
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1. This diagram shows the geometry of the proposed dual-
polarized antenna, as well as how the T-shaped and cross-shaped
slots are formed. The antenna is fabricated from low-cost FR-4
PCB substrate material.



DUAL POLARIZED ANTENNA
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2. These plots show the simulated and measured return-loss

characteristics at antenna ports 1 and 2 from

Aswill be shown, however, itis possible
to obtain broadband frequency operation
with a dual-polarized-antenna design.
The antenna, excited by two coaxial-line
feeds, is composed of four T-shaped slots
and four cross-shaped slots in the radial
directions of a circular patch. Eight up-
right parasitical rods are placed around
the antenna to realize a broad beamwidth
radiation pattern. The antenna yields an
impedance bandwidth of 20% (2.26t02.75
GHz) centered at 2.5 GHz.

Figure 1 shows the geometry of the
proposed dual-polarized antenna. To pro-
duce the antenna, a symmetrical slot patch
radiator is printed on a 1-mm-thick FR-4
printed-circuit-board (PCB) substrate with
relative permittivity of 4.65. The circle patch
and the ground plane have diameters of 60
and 120 mm, respectively. Four T-shaped
slots and four cross-shaped slots are em-
bedded into the circular patch to achieve
compact size and good dual-polarized ra-
diation performance.

The antenna is fed by two coaxial lines
located at a radial distance of 7[(2)°°/2]
mm from the center. The outer conductor,
a single coaxial line, is directly connected
to point a, while the inner conductor in
bent for connection to point b; the other
coaxial line is connected to points c and d.
These type of structures are used to formto
air crossover bridges. The two linear polar-
izations at the two antenna ports are along
these two air crossover bridges. To im-
prove the isolation between the two input

2 to 3 GHz.

ports, two short pins connected to points b
and d have been added.

The height from the ground to the
patch is 24 mm, used for high gains and
excitation of the balanced mode without a
balun structure. In addition, eight upright
parasitical metal rods were employed to
broaden the beamwidth; they are placed
around the slot patch and located at a ra-
dial distance of 40 mm from the center.
The antenna design exhibits dual linear
polarizations at slanted +45-deg. angles
with the directional beamwidth about
108 deg. at the E-plane and 92 deg. at the
H-plane of the antenna. The —45-deg. po-
larization is excited by port 1, while the 45-
deg. polarization is excited by port 2. Each
antenna port has one end connected to
the patch and the other end connected to
a 50-Q coaxial SMA connector.

Based on the detailed dimensions of
Fig. 1, a prototype dual-polarized antenna
was designed and fabricated, and its perfor-
mance subsequently evaluated. The design
was aided by the commercial three-dimen-
sional (3D) full-wave electromagnetic (EM)
simulation software, ANSYS HFSS (High-
Frequency Structure Simulator) (www.an-
sys.com), which is based on finite-element
(FE) analysis. Figures 2 and 3 show simulat-
ed and measured curves of return loss and
isolation, respectively, for the proposed an-
tenna. As the results show, fair agreement
was obtained between the measured and
simulated data. The resonant mode was ac-
tivated to achieve good impedance match-

3. These plots show the simulated and measured isolation
characteristics at antenna ports 1 and 2 from 2 to 3 GHz.

ing for a bandwidth of 490 MHz (from 2.26
to 2.75 GHz), based on a criterion of better
than 10-dB return loss to successfully cover
the 2.5-GHz band used for WiMAX applica-
tions. Measured isolation between the two
antenna ports was better than 36 dB across
the full desired bandwidth.

The dual-polarized slot-antenna de-
sign was also tested in a far-field chamber.
Figure 4 shows the measured normalized
radiations in the E-plane (slanted —45-deg.
vertical cross-section) and H-plane (slant-
ed 45-deg. vertical cross-section) at a test
frequency of 2.5 GHz. The antenna radi-
ates in a broadside direction and features
almost symmetrical radiation patterns in
both the E- and H-plane directions. As Fig.
4 shows, the antenna’s cross-polarization
remains under —35 Db; the front-to-back
ratio is less than 18 dB; and the half-power
beamwidth is about 108 deg. in the E-plane
and 92 deg. in the H-plane. Peak gains for
the antenna were also measured at several
discrete frequencies across its operating
bandwidth. For that bandwidth, the aver-
age gain was about 6.3 dBi.

In summary, a novel dual-polarized
slot antenna with two coaxial feed lines
was designed and fabricated. The mea-
sured results of the fabricated antenna
prototype show good agreement with
computer-aided-engineering (CAE) soft-
ware simulations using a commercial
program. The novel antenna design is
extremely compact, making it suitable for
WiMAX applications. MWRF
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4. These plots show the simulated and measured E-plane (left) and H-plane (right)

radiation patterns for the novel dual-polarized antenna.
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Optimize OFDM Vio
Phase-Noise Injection

By using a signal generator in which the phase-noise power can be injected
and controlled at known levels, it is possible to “exercise” radio designs for the

effects of different-quality radio signals.

RTHOGONAL FREQUENCY division multiplex-
ing (OFDM) is a favored transmission scheme
for many RF/microwave communications sys-
tems. It is both efficient and robust, even within
" a signal environment laden with interference
and multipath signals, and is readily scalable in
terms of number of users and bandwidth. Given the capabili-
ties of modern application-specific integrated circuits (ASICs)
and field-programmable gate arrays (FPGAs), the digital signal
processing (DSP) needed to make OFDM work is not a barrier.
However, the analog technologies required for OFDM radi-
os can still pose serious design challenges, especially when ap-
plication requirements call for large numbers of OFDM radios
within small enclosures at low cost and power consumption.
Analog approaches cannot be upgraded as readily or quickly as
digital technologies and, as a result, many basic performance
parameters still present complex engineering tradeoffs. One of
the more critical analog performance parameters, for example,
is phase noise. It is especially relevant in OFDM radios due
to the large number of closely spaced subcarriers. These sub-
carriers overlap in the frequency domain, with spectral peaks
and nulls arranged to maintain orthogonality. Phase noise

'A: Strm1 OFDM Meas ~

A strm orom weas ~ R

spreads the subcarrier energy—reducing orthogonality—and
the resulting intercarrier interference impairs multiplexing
and demodulation.

Signal generators perform multiple roles in OFDM system
design, and optimizing their use speeds the design process.
Modern signal generators can produce modulated and fully
coded signals to test receivers, as well as continuous-wave
(CW) signals to substitute for frequency references and synthe-
sizers. In both cases, they provide the biggest benefit when they
can generate both ideal signals and those which have specific
imperfections. Ideal signals provide a reference to isolate and
quantify the performance of other elements in the system, while
deliberately imperfect signals allow the engineer to evaluate
system performance in a “just good enough” scenario or a situ-
ation with known operating margins in terms of performance.
Quickly and reliably arriving at performance that is “just good
enough” is the designer’s goal, meeting system specifications
while minimizing multiple cost factors.

The phase-noise performance levels of sources in OFDM
systems can be qualified in terms of close-in phase noise
through far-from-the-carrier phase-noise characteristics. The
phase noise close to the carrier is always the lowest number
for a source and can be characterized by various dif-
ferent offset frequencies, depending upon the signal
source supplier. Close-in barriers for evaluating single-
sideband (SSB) phase noise for a given signal source can
range from as close as 10 to 100 Hz to 1 kHz or more. The
phase-noise floor for an OFDM signal source is typically
at a distance of 1 or 10 MHz from the carrier, and this
phase noise level will reflect the lowest noise level pos-
sible for the signal source.

System architects are aware of the phase-noise chal-
lenges of OFDM and, accordingly, structure signals
to minimize the problem. The primary mechanism is

1. These displays show the impact of I/Q correction on an OFDM
constellation, before (left) and after (right) being applied to correct
pilot and payload symbols. Both plots are shown with 312.5-kHz
resolution bandwidth.

known as pilot tracking, where selected subcarriers at
some (but not necessarily all) symbol times transmit
reference signals instead of payload data. The transmit-
ted values of the pilot signals, such as their amplitude/
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Ref 40 dBcfHz Carrier Power 043 dBm
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phase or in-phase/ quadrature (1/Q) val-
ues, are known at the system receiver. In
calculating received values, the receiver
will derive the corrections necessary to
apply to the data subcarrier signals. The
pilot signals are analogous to a training
sequence for an equalizer, where some
payload capacity is sacrificed to the
transmission of a known signal, and the
parameters derived by the receiver to
correct the known portion of the signal
are applied to the entire signal.

Figure 1 shows an example where the
phase noise in the transmitted signal (in-
cluding the pilot signals) is “tracked out.”
The received signal can be continuously
corrected across the full channel band-
width, since the pilots are spread across
the subcarriers in frequency and the
symbols in time, allowing corrections to
be applied. For example, a vector signal
analyzer (VSA) can show the signal phase
portion of “common pilot error,” making
it possible to isolate and remove 2 great
deal of the phase-noise error power.

Of course, an engineer hoping to
improve OFDM communications Sys-
tem performance needs to know which
portion of the phase-noise power can
and should be removed. A basic rule of
thumb is that pilot tracking is effective for
frequency offsets from 0% to about 10%
of the subcarrier spacing. Assuming that
the phase noise at frequency offsets wid-
er than the channel will also be filtered
out, the contribution of phase noise pow-
er to signal error can be given as:

EVM (dB) = [integrated SSB phase noise
(0 to 100% of subcarrier spacing)] + [3dB]

s 2. Using random

§ (white) noise to
phase-modulate an
RF signal generator
produces phase-
noise sidebands with
a constant slope of
_20 dB/decade,
although such a
slope is not repre-
sentative of real-

world signal sources.

where the integrated phase noise is in
dBc/Hz relative to the carrier power, and
3 dB is added to convert the phase noise
from single-sideband (SSB) phase-noise
power to double-sideband (DSB) phase-
noise power.

Signal analyzers
phase-noise applications can readily
make SSB measurements and integrate
the detected power from those measure-
ments over 2 desired bandwidth. For
this calculation, the modulation €rror
or error vector magnitude (EVM) is de-
termined solely from the phase noise;
the calculation is performed with the as-
sumption that linear errors are removed
by equalization, and that in this instance,
nonlinear errors other than phase noise

with integrated

are not significant.

Real-world signals in an OFDM radio
(especially those from low-cost, low-
power circuits) can suffer significant
levels of phase noise. To help designers
make reasonable tradeoffs, it is helpful
to generate both CW and modulated sig
nals with known amounts of phase noise
and to use these signals to evaluate thei
impact on other circuits in the radic
The simplest approach to create signa
with known amounts of phase noise
to use random noise to phase-modula'
a signal generator. For the CW case, th
approach produces a SSB phase-noi
curve (Lg) with constant —20 dB/deca
slope, as shown in Fig. 2. Any adju
ments to frequency—modulation (F]
deviations will change the overall pha
noise level, but not the phase-no
slope. Where needed, this phase mo
lation can be added to digital modulat
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instead of CW signals, though the result
will not be as readily verifiable as for the
CW case shown above.

The uniform -20 dB/decade slope
of the aforementioned example is not
typical of phase-noise sidebands exhib-
ited by high-frequency oscillators and
frequency synthesizers typically found
in OFDM systems. Because the frequen-
cy sensitivity of OFDM systems is not
uniform as described above, a more
realistic phase-noise generation tech-
nique is desirable for system design and
verification.

Fortunately, the fast digital-signal-
processing (DSP) capabilities provided
by modern ASICs and FPGAs that make
OFDM practical also make possible the
generation of test signals with custom-
ized phase-noise performance. As an
example, the N5182B MXG X-Series sig-
nal generator from Agilent Technologies
(www.agilent.com) employs real-time

Band Left 30.0 kHz

>
1FGain:dow

Ref 40 dBeiHz

“Noise Corraction: OFf

Carrier Freq: 2411999966 GHz -
AvglHold: 10110

Trig: Free Run

#hstan: 10 dB (Elec 4) Signal Tracking: On

Carrier Power

Oesired
Stop Freai2) (48
800

Desired Fiat
Aplitidedmid)
-88.00 dBc/He

100 Hz

Frequency Offset

3. Setting signal generator phase noise to a pedestal of —88 dBc/Hz between 10 and
500 kHz (left) produces integrated SSB phase noise (right) of —29.35 dBc over the
relevant bandwidth of 30 kHz to 10 MHz. Integrating at offsets greater than 10 MHz
would not result in appreciable additional power.

baseband signal generation which pro-
vides “phase-noise-injection” capability.
The inherent phase noise of this signal
generator is extremely low, providing
plenty of margin for generating signals

with customized phase noise curves—
even when the curves represent oscilla-
tors or synthesizers with relatively low
phase noise.

The N5182B signal generator is avail-
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able in several configurations, with fre-
quency ranges of 9 kHz to 3 GHz or 9
kHz to 6 GHz. Both the continuous-wave
(CW) and digital pilots are run at stan-
dard speeds of typically 5 ms and option-
al high-speed motions of better than 900
{LC MU}m for both CW and digital items.

The N5182B signal generators can be
used for both linear or logarithmic step
changes, with equally spaced frequency
and amplitude studies or logarithmi-
cally spaced frequency steps. The signal
generators can handle maximum output
power of +16 dBm through frequencies
of 3 and 6 GHz, using a step attenuation
with 5-dB steps from 0 to 130 dB.

The phase-noise injection capabil-
ity of the N5182B signal generator is
designed to provide a variety of phase-
noise curves while remaining simple
to operate. Curves are configured as a
close-in slope, a flat (with frequency)
phase-noise pedestal, and resumption
of a slope at wider offset frequencies de-
scending to the signal generator’s broad-
band noise floor. Accordingly, only three
parameters need to be set by the user: the
end of the initial slope (f;), the beginning
of the outer slope (f,), and the level of
the pedestal. A constant slope of -20 dB/
decade is assumed below f; and above
f,. Adjustment of the levels and inflec-
tion points allow the performance of dif-
ferent oscillators and synthesizers to be
easily simulated.

A basic IEEE 802.11g OFDM signal
provides a good example of the effects
of pilot tracking and the validity of cal-
culating expected EVM from a custom-

4. The measured

EVM of the signal
impaired by phase
noise correlates well
with the estimate of
-26.35 dB (-29.35
dB + 3 dB). The "10%
of subcarrier spacing”
guideline is thought
to be slightly conser-
vative, as shown in

this example.

ized phase-noise curve. The subcarrier
spacing is the standard 312.5 kHz, and
the 10% rule of thumb would suggest that
phase noise within about 30 kHz of the
carrier would be tracked out through de-
modulation relative to the pilot signals.
In this example, the signal generator is
programmed for a pedestal of —-88 dBc/
Hz between the 10- and 500-kHz inflec-
tion points, with the carrier set to 0 dBm
for convenient calculations. An integrat-
ed SSB phase noise measurement of this
signal produces a relevant phase-noise
power of -29.35 dBc.

Figure 3 shows the signal genera-
tor’s phase-noise configuration screen
reflecting these three parameters and
a corresponding phase noise measure-
ment. In this measurement, the integra-
tion bandwidth extends to 10 MHz (the
widest offset measured), but the inte-
grated power is dominated by the phase
noise at narrower offsets (generally be-
low about 5 MHz). Since the phase-noise
power declines with frequency at a rate
of 20 dB/decade, it becomes insignificant
well before offsets reach the receiver’s
nominal channel bandwidth of 20 MHz,
or even the 10-MHz phase-noise mea-
surement bandwidth.

The final step in calculating expected
EVM due to phase noise is to double
the SSB power, thus arriving at the to-
tal phase-noise power in the receiver’s
vulnerable bandwidth. Adding 3 dB to
the measured -29.35-dBc phase-noise
power suggests an EVM of -26.35 dBc,
the result of the phase-noise contribu-
tion from the signal generator’s phase-
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noise injection.

To measure the actual EVM, a signal
analyzer with Agilent 89600 vector sig-
nal analyzer (VSA) software from Agilent
Technologies is configured for normal
IEEE 802.11g demodulation. The default
setup enables phase tracking essential
to remove phase noise. In addition, the
demodulator should be configured for
equalizer training that includes both
the preamble and data, both to optimize
equalizer effectiveness and provide the
most accurate modulation quality re-
sults. Figure 4 shows the results.

The measured results closely match
the calculated estimate, especially since
the 10% rule of thumb is generally re-
garded as slightly conservative. Since
the bandwidth of the demodulator pilot
tracking has a finite rolloff and the signal
generator phase noise curve transitions
gradually between slopes and the ped-
estal, the precision of the estimate is lim-
ited. Nonetheless, for situations where
phase noise is a significant concern, this
approach to simulating and estimating
EVM in OFDM systems holds up well.

The Agilent 89600 VSA software as
been developed to evaluate a total of
more than 70 signal standards and mod-
ulation types and helps when perform-
ing troubleshooting on a wide range of
different wireless communications sys-
tems. It can be used to study cellular sig-
nals such as those found in Long-Term-
Evolution (LTE) systems, in wideband
code-division-multiple-access (W-CD-
MA) networks, and even in IEEE 802.11
wireless-local-area-network ~ (WLAN)
systems. It is suitable for analyzing sig-
nals in aerospace, defense, and satel-
lite communications systems as well as
in terrestrial communications systems.
It has been developed to evaluate such
features as multiple-input, multiple-out-
put (MIMO) antenna technology within
these systems.

The 64-b Agilent 89600 VSA soft-
ware can define and store any number
of pratical measurements in memory
for instant recall, either separately or as
combinations of multiple simultaneous
measurements to check the performance

of a wireless communications system,
allowing the evaluation of a system in
both the frequency and time domains.
It provides signal capture and playback,
with a wide range of standard analysis
tools, such as constellation diagrams, in-
phase/quadrature (I/Q) parameters, and
EVM diagrams on pilot, resource signals,
and preamble signals.

The software features a straightfor-
ward graphical user interface (GUI) that
helps pinpoint different problems, each
with its own marker. It allows a user to set
up multiple instances of the same mea-
surement to compare the performance
of different channels in a multiple-
channel system. This type of capability
is particularly useful for evaluating the
performance of wireless MIMO systems.
The software’s multiple-domain spec-
trogram capability allows simultaneous
viewing of frequency- and time-domain
signal characteristics on a single screen.

In summary, signal substitution is a
proven approach for understanding and
optimizing performance in complex RF
systems. The use of signal substitution
can help to speed the design process,
reduce risk, and avoid the costs of pro-
ducing an under- or over-performing
radio. The capability to produce phase
noise at specific levels and frequency dis-
tributions is beneficial for OFDM appli-
cations where frequency offsets matter.

Whether substituting for CW sources
in the signal conversion chain or fully
modulated signals at IF or RF, signal gen-
erators are a more powerful tool when
they can produce both ideal and noni-
deal signals in which the imperfections
are known and precisely controlled.
Even for systems with complex tracking
and correction capabilities, it's possible
to simulate typical impairments and ac-
curately estimate their consequences by
using signal generators with controlled
phase noise. MWRF

For additional reading

Bob Cutler, “Effects of Physical Layer
Impairments on OFDM Systems,” RF
Design, May 2002, p. 36. http://rfdesign.
com/images/archive/0502Cutler36.pdf.
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Antenna Aims
AT Dual Bands

FU-SHUN ZHANG JIAN-HUI BAO QIU-YAN ZHOU YONG-CHANG JIAO

Researcher

Researcher

By leveraging a modified ground structure, this anfenna not
only covers multiple frequency bands, but does so with
enhanced bandwidths and very reasonable gains.

RELESS APPLICATIONS continue to spread
cross different bandwidths, with wireless local
area networks (WLANs) alone occupying several
frequency bands. To realize effective antenna de-

cost, and ease of integration with other circuits, planar printed
antennas were extensively investigated. More recently, mono-
pole antenna designs have been considered for these wireless
applications, including a design with a G-shaped construction,’

signs for these applications, it is possible to use
a modified ground structure (MGS) to achieve

dual-band operation. To form the MGS, a rect-
angular ground plane is shorted with dual me-
andered side strips and dual tapering protruding
stubs. Prototype antennas based on this design
approach show dual operating bands centered
at 2.4 and 5.5 GHz, with reflection coefficients
(JS11]) of better than —10 dB and frequency cover-
age for 2.4-, 5.2-, and 5.8-GHz WLAN standards.
In addition, antenna designs using the MGS have
achieved stable monopole-like radiation pat-
terns and acceptable gain across the three WLAN

operating bands.
Antennas are critical components in WLAN
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and other wireless systems. In the quest for de-

signs that offered low profiles, light weight, low MGS antenna.

2. This photograph shows top (left) and bottom (right) views of
the fabricated prototype MGS antenna.
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1. These diagrams show top, side, and bottom views of the proposed dual-band

-5}
e e e e
10}
iel
e 15 —— Measured
Q‘; — — EM simulated
-20
I L
25 | i v
I
_30 i L . L 1 ]
2 3 4 5 6 7

Frequency—GHz

3. These plots show the simulated and measured |S4| perfor-
mance for the proposed MGS antenna as a function of frequency.
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DUAL-BAND ANTENNA
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structures (DGS) in many different micro-  operating bandwidth and reduce the size In multiband antenna design, the

wave and wireless components.® of a conventional DC bias line. Dumbbell- MGS is also a simple and effective way
Reference 6, for example, details the shaped DGS shapes were applied under to excite additional resonance modes,
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DUAL-BAND ANTENNA
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5. The surface current distributions on the novel MGS antenna are shown here at (a) 2.44

GHz, (b) 5.2 GHz, and (c) 5.8 GHz.

such as a rectangular ground with dual
inverted L-shaped strips,'® a cambered
ground plane with an isosceles-triangle-
shaped defect,!! and an L-shaped slot cut
out of the ground.'? However, multiband
performance relies on the hybrid com-
bination of MGS and traditional mono-
pole technologies: The MGS introduces a

single resonance, with the other resonant
modes excited by the traditional mono-
pole antenna.

Figure 1 shows the geometry of the
proposed dual-band antenna and its
modified ground plane. The antenna is
etched on the laminated sides of a 1-mm-
thick FR-4 printed-circuit-board (PCB)
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substrate, which features relative dielec-
tric constant of 4.6 and measures just 20 x
28 mm. Unlike a conventional microstrip-
fed antenna with a solid ground plane,
this design features a ground plane that
was modified to form an MGS. Dual me-
andered side strips, with total length of L,
+ W, + Ls + W (which is about one-quar-
ter wavelength at 2.4 GHz), are etched on
the edge of the substrate to connect with
the rectangular ground plane, achieving
aresonance at 2.4 GHz in a relatively lim-
ited space.

The ground plane’s left and right sides
protrude with dual tapering stubs of
height L, providing another current path
and achieving an additional resonant
mode with good impedance bandwidth at
around 5.5 GHz. The MGS is electromag-
netically fed by a 50-Q microstrip feed
line, placed on the center of the antenna
PCB. For improved lower-frequency im-
pedance matching, the microstrip feed-
line is protruded with a thin line stub from
the line’s upper side.

A commercial electromagnetic (EM)
computer-aided-engineering (CAE) soft-
ware package was used for numerical
analysis to examine the performance of
the proposed antenna design. The soft-
ware, the High-Frequency Structure Sim-
ulator (HFSS) from Ansoft (www.ansys.
com), is based on finite-element-method
(FEM) analysis. Via iterative trials, the fi-
nal optimal dimensional values for the
antenna were obtained and are listed in
the table.

A prototype of the proposed antenna
was experimentally fabricated and mea-
sured to support the EM simulation, and
a 50-Q SMA connector was used to feed
the antenna, as shown in Fig. 2. The simu-
lated and measured reflection coefficient
magnitudes (|Sy;|) of the proposed dual-
band antenna based on MGS are illustrat-
ed in Fig. 3. As Fig. 3 shows, the proposed
antenna achieves dual-resonant modes
over the frequency ranges of 2.40 to 2.52
GHz and 4.95 to 6.01 GHz for [S;;| < -10
dB, simultaneously covering the 2.4-, 5.2-,
and 5.8-GHz WLAN frequency bands. The
values from the simulations agreed close-
ly with the measured results for the an-
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DUAL-BAND ANTENNA
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6. The impact of changing the strip length, Ls, on [Sq4]

performance is shown here.

tenna. Some slight discrepancies may be
attributed to the presence of the SMA feed
connector and soldering the connector
onto the antenna PCB, design elements
that were not included in the simulation.
Figure 4 plots the frequency response
of |Sy;| for the proposed antenna. As can
be seen, for the case with dual side strips
on the ground (ant 2), the lower-band
resonance was effectively excited. The
upper-band resonance matching condi-
tions were obtained when dual protrud-
ing stubs were shorted to ground (ant 3).
These results suggest that the dual side
strips and dual protruding stubs can sig-
nificantly affect the impedance matching
of the lower and upper resonance bands.
To achieve the bandwidth enhancement
in the upper resonance band, the protrud-
ing stubs were tapered (ant 1) instead of
rectangular. As Fig. 4 shows, the imped-
ance matching for the lower resonance
band is degraded when the feed line is a
uniform width without a thin stub (ant 4).
Figure 5 shows the excited current
distributions obtained from HFSS simu-
lations, both for the feed line and the
ground for the optimized antenna. As ex-
pected, strong surface current densities
were present at the lower and upper reso-
nance bands along the dual side strips
and protruding stubs, respectively.
According to the current distribu-
tions and frequency responses for |S;| in
these cases, a number of parameters were

84

is shown here.

investigated for their effects on the reso-
nant frequency bands of interest. Figure 6
shows the tuning effect of length L;, with
selected values from 7.2 to 8.8 mm, on the
response of |Sy;|. As can be seen, the lower
band resonance is significantly impacted
and shifted downward in frequency with
increasing values of tuning length, while
the upper band remains almost un-
changed. The main reason for this is that
for larger Ly values, the longer dual side
strips approximate one-quarter wave-
length at the relevant resonant frequency
and vice versa. Similarly, changing the ta-
pering stub length, L;, has impact on the
upper resonant-frequency band; thus, the

7. The impact of changing slot length, L3, on |Sq4| performance

upper resonance can be tuned by adjust-
ing the values Lg, as shown in Fig. 7.
Figure 8 shows three-dimensional
(3D) radiation patterns obtained from EM
simulations at 2.44, 5.20, and 5.80 GHz.
The symmetrical structure of the antenna
design yields symmetrical and consistent
radiation patterns, which are ideal for a
multiband communications antenna.
Figure 8 also shows two-dimensional
(2D) radiation patterns in the main cut
planes of the antenna. The antenna yields
nearly monopole-like radiation perfor-
mance with conical patterns in the eleva-
tion planes and omnidirectional patterns
in the azimuth plane. As Fig. 9 shows, the

XOY

Fim
= d

' e— D 44 GHz
® ----52GHz
----58GHz

w0

YOz

8. Radiation patterns for the three frequencies of interest are shown for the MGS

antenna in 3D (top) and 2D (bottom) plots.
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DUAL-BAND ANTENNA

peak gains in the operating bands of inter-
est are stable and reasonable.

In conclusion, the microstrip-fed
antenna with MGS achieves quite ac-
ceptable performance in a small physi-
cal PCB format. Unlike an antenna with
a conventional solid ground plane, the

3.0
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the variations in peak
gain in the 2- and e
5-GHz frequency
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ground for this novel antenna is modi-
fied with dual meandered side strips and
dual tapering protruding stubs. The feed
line is also simply modified for enhanced
impedance-matching performance. The
antenna design exhibits monopole-like
radiation pattern and acceptable peak
gains across the operation bands. MWRF
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ApplicationNotes

OCXOs PROVIDE HOLDOVER
TIMING FOR BASE STATIONS

OR WIRELESS COMMUNICATIONS that use time-
division-duplex (TDD) signaling, it is very difficult to
maintain synchronization. In addition to providing real-

time services, base stations must maintain accurate relative
timing for successful call-signal handoff. Compounding
this challenge, the more advanced wireless protocols de-
mand relative timing accuracy ranging from 10 ps to 1 ps
or less. In a seven-page white paper, Vectron International
explains the need for wireless-communications systems to
have a holdover timing element as a backup to their primary
time source.

Titled “Simplifying Holdover Design in Synchronization
Applications,” the paper begins by providing the timing
requirements for communications standards ranging from
WCDMA to Long Term Evolution (LTE). To maintain syn-
chronization accuracy, base stations utilize timing derived
from navigation systems like the Global Positioning System
(GPS). Because such signals are sometimes unavailable, a
holdover timing source (i.e., an oscillator) with high short-
term accuracy is needed to maintain base-station timing
synchronization for periods ranging from hours to days.

Essentially, the base station uses the holdover oscillator
as its timing source. The signal from the satellite-navigation
system will continuously re-synchronize the holdover oscil-
lator to maintain system timing accuracy. When that signal
is unavailable, the holdover oscillator will provide system
timing on its own. Such timing sources can now be based
on oven-controlled crystal oscillators (OCXOs), given that
today’s devices provide sufficient accuracy. Yet their imple-
mentation can be tricky, as certain OCXO performance char-
acteristics may influence holdover.

The paper walks the reader through the three ways that
designers can implement holdover timing in their systems:

by purchasing a standalone precision timing device that
mounts in the equipment rack (like a rubidium standard);
by purchasing a holdover timing module; or by designing
and embedding within the system a holdover timing source
based on a precision oscillator. The last approach allows de-
signers to make holdover timing part of their designs while
promising the greatest cost minimization. Yet it also invites
a major challenge, due to the difficulty of relating an oscilla-
tor's datasheet specifications to the timing-source design'’s
achievable holdover performance. By providing guidance
on oscillator performance specifi-

cations and the design of a hold-
over solution, this paper coherent-
ly explains the OCXO option for
modern wireless-communications

Vectron International,
267 Lowell Rd.,
Hudson, NH 03051;

(888) 328-7661,
www.veciron.com.

base stations.

PLAN FOR THE 1000X
DATA-TRAFFIC INCREASE

HE LAST FEW years

have seen phenom-

enal growth in the
global demand for mobile-
broadband data services.
This growth is expected to
continue unabated. While
mobile data traffic has been
roughly doubling every year
for the last few years, the
industry is expecting a long-
term 1000x increase. To meet
this challenge, the wireless-
communications industry will
need new resources as well
as different ways of acquir-
ing, deploying, and managing
those resources. A paper by
Qualcomm, Inc., “Rising to

approaches to making new
spectrum available: tradi-
tional licensing processes for
third- and fourth-generation
(3G and 4G) networks; the
new Authorized Share Access
(ASA) regime; and the unli-
censed approach for Wi-Fi
services. In cases when spec-
trum cannot be approved for
licensing within a reasonable
timeframe, Qualcomm and
its partners are proposing the
new approach called ASA.
Essentially, ASA proposes
aregulatory framework for
instances in which spectrum
holders may not be using
the entire block of allocated

Meet the 1000x Mobile Data spectrum in every part of their
Challenge,” shares avisionof  geographic boundaries on a
the efforts that 24/7 basis. For
Qualcomm, Inc., i

are needed. 5775 Morehouse Dr.. military radar,

All of the WYX TIPI  for example,
efforts suggested (858) 587-1121, spectrum might
: www.qualcomm.com.
in the 14-page be allocated on
paper fall into three main a countrywide basis. But the

groups: more spectrum,
small cells everywhere, and
higher efficiency across the
system. Yet those solutions
invite many questions. For
example, how much more
spectrum will be made avail-
able in which bands? Will it be
unlicensed or licensed? And
will it be available in a timely
manner? Similarly, people are
wondering how dense small
cells can get and whether they
will be used indoors, out-
doors, or both. Due to prob-
lems with indoor coverage,
small cells are often discussed
as the solution there. Does
that mean a small cell in every
house, shop, or office? If so,
what about interference?

The paper delves into all
of these issues. For example,
it notes that there are three

radar operations themselves
may only be using the spec-
trum at certain locations. Or
they may not always be using
it on a 24/7 basis.

According to ASA, exclu-
sive spectrum rights can be
granted to qualified stake-
holders to operate a com-
mercial 3G/4G network in
this underutilized spectrum—
whenever and wherever it
is available—subject to the
usage needs and requirement
of the incumbent spectrum
rights holder. In this paper,
ASA is one of many solutions
put forth that can be used by
the mobile wireless industry
to cost-effectively face the
1000x challenge. At the same
time, operators can provide
an optimal mobile-broad-
band experience for users.
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PORTABLE
ANALYZERS
Pack Lab
Quality

These 14 new

portable handheld RF/
microwave analyzers
bring the measurement
power of a test
laboratory fo the field,
with spectrum and
vector-network analysis
through 26.5 GHz.

90

MICROWAVE MEASUREMENTS
are increasingly performed in the field,
especially as RF/microwave communi-
cations infrastructure continues to ex-
pand. Unfortunately, in-field measure-
ments have long been associated with
portable test equipment of questionable
performance and quality, at least when
compared with laboratory-grade RF/mi-
crowave test instruments. However, the
latest additions to the FieldFox family of
portable analyzers from Agilent Technolo-
gies (www.agilent.com) may change more
than a few opinions on portable RF/mi-
crowave test equipment; the 14 new mem-

bers of the portable test line include spec-
trum analyzers, cable/antenna analyzers,
and vector network analyzers operating to
26.5 GHz, with lab-worthy performance.

The new FieldFox portable analyzers
(Fig. 1) are configured for flexibility. A user
can start simply (with a cable and antenna
analyzer) and later upgrade with addi-
tional measurement functions, such as a
spectrum analyzer and/or a microwave
vector network analyzer (VNA). The cable
and antenna analyzer performs the types
of measurements that are most useful to
troubleshooters in wired communications
systems as well as wireless antenna sites
(Fig. 2), including distance-to-fault, re-
turn-loss, and cable-loss measurements.

As the table shows, the FieldFox ana-
lyzers offer a wide range of frequency
models through 26.5 GHz. In addition,
they are built for the field, housed in sealed
enclosures that are compliant with US
MIL-PRF-28800F Class 2 requirements, to
withstand the rigors of in-field testing. The
instruments and their housings are type
tested to meet MIL-STD-810G, Method
511.5 Procedure 1 requirements.

FieldFox analyzers are available in one
of three base configurations: as a cable and
antenna analyzer, as an RF/microwave
VNA, or as a microwave spectrum ana-
lyzer. The cable and antenna analyzer can
be expanded by means of optional add-on
instrument functions, such as a spectrum
analyzer, a VNA, a vector voltmeter, DC
source, or a power meter. They can also
be upgraded with any of these options at
a later date through a simple license key
process without the need to send the in-
strument to a service center. The base con-
figuration with the RF/microwave VNA
can be expanded with options for per-
forming full two-port S-parameter mea-
surements, time-domain analysis, a cable
and antenna analyzer, a vector voltmeter,
and a power meter. Finally, the base con-
figuration with spectrum analyzer can
be expanded with options for a full-band
tracking generator, a full-band preampli-
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fier, an interference analyzer
and spectrogram, reflection-
measurement capability,
a power meter, and even a
frequency counter.

The FieldFox instru-
ments (Fig. 3) are only 7.4
in. (188 mm) wide and easy
to hold, boasting an easy-to-
navigate control panel with large keys |
that can be controlled in the field, even
when wearing gloves (Fig. 4). Dataare g
shown on a 6.5-in. thin-film-transistor
(TFT) display. The light-weight (6.6 Ibs
or 3.0 kg) analyzers run on rechargeable
lithium-ion batteries. They draw about
14 W power during normal operation and
run for about 3.5 h on a battery charge.

The RF/microwave VNAs in the
FieldFox analyzers compare favorably
with Agilent’s PNA series of benchtop
VNAs. In measurements of S,; forward
transmission on a bandpass filter centered
at 1.9 GHz, a side-by-side comparison of a
FieldFox analyzer with a PNA reveals very
little difference (Fig. 5).

The VNAs are full two-port instru-
ments with four receivers, capable of mea-
suring the phase and magnitude of all four
S-parameters with a dynamic range to 100

dB at lower frequencies and 94 dB to 18
GHz. The FieldFox VNAs feature low trace
noise of +0.004 dB. They can also simulta-
neously display all four S-parameters, and
perform gated time-domain analysis.

In addition, the VNAs feature several
automatic calibration functions. For ex-
ample, QuickCal is a built-in function
that provides a means of performing a
fast two-port calibration. It automatically
corrects for phase shifts and loss of cables
and adapters and electrically shifts the
calibration plane of the VNA to the end of
these interconnect components, and to

. 1. A total of 14 new
FieldFox analyzers provide
| users with a wide choice
of frequency ranges and
measurement functions.

2. The light weight and small size of

the FieldFox analyzers makes it a simple
matter to bring laboratory-grade
measurement power to wired and
wireless communications antenna sites.

Sizing up the new FieldFox analyzers

Model Function Frequency range Model Function Frequency range
N9913A | Combination | 30 kHz to 4 GHz (cable/antenna) N9925A | Vector network 30 kHz to 9 GHz
analyzer 100 kHz to 4 GHz (spectrum analyzer) : analyzer ,
N9914A Combmatlon «" | 30 kHz to 6.5 GHz (cable/antenna) N9926A | Vector network 30 kHZtOMGHZ
I f‘anafyzer L '100kHzt0656Hz(spectrum ana-  analyzer G
e N9927A | Vector network 30 kHz to 18 GHz
N9915A Combination 30 kHz to 9 GHz (cable/antenna) analyzer
e ; analyzer 100 kHz to 9 GHz (spectrum analyzer) N9928A, \/ec:tor networkj‘ i
' N9916A | Combination 30 kHz to 14 GHz (cable/antenna) | analyzer .
, | analyzer 100 kHz to 14 GHz | (spectrum N9935A | Spectrum
i { L ’analyzer) analyzer
N9917A | Combination 30 kHz to 18 GHz (cable/antenna) N9936A; B
analyzer 100 kHz to 18 GHz (spectrum o |
analyzer) L R
N9918A | Combination 30 kHz to 26.5 GHz (cable/antenna) f‘ L e zﬁz:j[zg:n
analyzer | 100 kHz to 26.5 GHz (spectrum ' e e
analyzer) . | N9938A Spectrum‘ L
. |enalyzer |

Microwaves&RF | visit www.mwrf.com
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Lark Engineering Co.

sales@larkengineering.com

THE-FILTER SOU

Ceramic Filters

P

When it comes to ceramic resonator filters: Bandpass, Notch or Diplexer,
Lark has a solution that fits. Whether for Commercial or Military applications,
designed using our On-line Filter Design

Tool or by Lark’s Engineering department,

count on Quality, Service and Competiive Bandpass Nk
Prices. When you need it fast, 53355%3&: 3 i,;m,‘%w
we can deliver samples in x5 Sgngr«smsstG

575-50-50¢

LARK ENGINE
o SMXD83s, ERING

5/881.5.
Commen,X25-650C

T e
- CH1

ST

“requency Range: 250105000 MHz 800 to 2500 MHz
» 3 dB Relative Bandwidth: 1% to 10% 1% to 5%
« VSWR: , ; 2071 20/1
+ Number of Sections: 2106 3t06
- Power Handling: 1 Watt Average
« Temperature Range: -40 °C to +85 °C

Lark is a leading (OEM) supplier of RF and Microwave Filters, Multiplexers and Multifunction Assemblies for
the Military, Aerospace and Commercial markets. The company began operations in 1986 with the goal to
design and manufacture quality products that satisfy the customer’s needs and requirements. Our products

can be found in today’s military radar systems, aircraft, shipboard, secure communication systems, GPS,
ISM, PCN, PCS and many other military and commercial applications. Our commitment to quality and
customer service has been a cornerstone of the company since its inception.

Military = Aerospace « Commercial

sales@larkengineering.com = 949.240.1233

www.larkengineering.com

ISO 9001:2008 Certified ISO 14001:2004 Certified
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ENHANCED PORTABLE TESTERS

3. The small size of the FieldFox analyzers
makes them easy to manage in rugged
terrain and difficult environments,
whether in commercial, industrial, or
military measurement applications.

the ports of the device under test (DUT).
With CalReady, the FieldFox’s VNA is au-
tomatically calibrated to the instrument
ports when power is turned on.

The FieldFox spectrum analyzers
draw from Agilent’s PSA line of micro-
wave spectrum analyzers (Fig. 6). The
spectrum analyzers provide amplitude
accuracy of +0.5 dB with no warmup
time required, and offer a typical spu-
rious-free dynamic range (SFDR) of
105 dB. The spectrum analyzers benefit
from InstAlign, an automatic amplitude
alignment that contributes to maintain-
ing the +0.5-dB amplitude measure-
ment accuracy. The spectrum analyzers
in the FieldFox portable instruments
also leverage Agilent’s PowerSuite one-
button measurement functions from the
firm’s benchtop instruments. Looking
closer at the performance for a combi-
nation analyzer with VNA and antenna
and cable analyzer, such as a 26.5-GHz
model N9928A, the portable instrument
is equipped with a built-in frequency ref-
erence boasting typical accuracy of +0.4
ppm from -10 to +55°C. That accuracy

4. The large keys used in the FieldFox

analyzer front panel can be controlled

even when wearing gloves.
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Turn USB Power Sensors into

Sz RF POWER METERS

from -35 up to +20 dBm 9kHz to 8 GHz

«True RMS model now available! * Lightning-fast measurement, as quick as 10 ms* :
« Compatible with most test softwaret « Up to 55 dB dynamic range « Measurement averaging

Don’'t break your bank with expensive conventional power
meters. Mini-Circuits USB Power Sensors turn almost any
Linux® or Windows® based computer into a low-cost testing
platform for all kinds of RF components. Reference calibration is
built in, and your USB port supplies required power. Our GUI

Our power sensors can be carried in your pocket, or mounted
remotely for manual or automated system monitoring (internet
connectivity required). Data can be viewed on-screen or exported
to Excel® spreadsheets for reporting and analytic tools.
Mini-Circuits Power Sensors cost half as much as you might

offers a full range of watt or dB measurements, including expect, so why do without? Place an order today, and we can
averaging, frequency sweeps, and multi-sensor support. have it in your hands as early as tomorrow.
All Power Sensor models include: Model Frequency F()g‘t:;} ? i‘:’;'
P e 5
.goweﬁ ge:;s%u/m 3 i PWR-4GHS 9kHz-4 GHz 795.00
s A e s PWR-2GHS-75 100 kHz-2 GHz 795.00
*SMA Adaptor (50Q only) PWR-2.5GHS-75 100 kHz-2.5 GHz 895.00
*USB Cable PWR-6GHS 1MHz-6 GHz 695.00
% %;aa%emegtlspeegasfasgag 10 ms with PWR 8 FS. PWR-8GHS 1MHz-8 GHz 869.00
of models as fast as ms.
1 See datasheets for an extensive list of compatible software. | PWR_BFS 1 MHZ-S GHZ 96900
Windows and Excel are registered trademarks of Microsoft Corporation NE\N PWR-4RMS 50 MHz-4 GHz 1169.00
in the US and other countries. Linux is a registered trademark of
Linus Torvalds. Neither Mini-Circuits nor Mini-Circuits Power
Sensors are affiliated with or endorsed by the owners of the
above-referenced trademarks.
Mini-Circuits...we're redefining what VALUE is all about! () RoHS compliant

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

e JC
M" 12 The Design Engineers Search Engme finds the model you need, Instantly « For detailed performance specs & shopping online see minici

U.S. Patents
7739260, 7761442
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ENHANCED PORTABLE TESTERS
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5. This comparison of the Sy forward transmission response of a
bandpass filter shows the performance similarities of a FieldFox
analyzer versus a benchtop PNA vector network analyzer.

can be improved to +0.010 ppm when the analyzer is locked to
a Global Positioning System (GPS). The built-in frequency refer-
ence has an aging rate of +1 ppm/year for 20 years. The measure-
ment frequency resolution of the N9928A analyzer is 1 Hz to 5
GHz, 1.34 Hz to 10 GHz, 2.68 Hz to 20 GHz, and 5.36 Hz to 26.5
GHz. The VNA provides typical test port power of -1 dBm from
3.0 to 6.5 GHz, -2 dBm from 6.5 to 9.0 GHz, -4 dBm from 9 to 14
GHz, -6 dBm from 14 to 18 GHz, -10 dBm from 18 to 23 GHz, and
-12 dBm from 23 to 26.5 GHz. Power can be setin 1-dB steps. The

Phase noise—dBc/Hz
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6. These two phase-noise plots show the outstanding perfor-
mance of the FieldFox spectrum analyzer compared to an ESA
benchtop spectrum analyzer at 1 GHz.

power level accuracy is typically +1.5 dB. For the 26.5-GHz VNA is
the model N9928A FieldFox analyzer, the typical dynamic range
is 100 dB to 9 GHz, 97 dB to 14 GHz, 94 dB to 18 GHz, 90 dB to 20
GHz, 79 dB to 25 GHz, and 70 dB to 26.5 GHz.

The analyzers can be equipped with a built-in power meter,
which is designed to make absolute power measurements when
using one of the firm’s U2000 Series Universal Serial Bus (USB)
average power sensors. All of the FieldFox analyzers include lo-
cal-area-network (LAN) and USB ports for transferring data, as
well as a Secure Digital (SD) data card slot for data storage. MWRF

AGILENT TECHNOLOGIES, INC., 5301 Stevens Creek Blvd., Santa Clara,
CA 95051; (877) 424-4536, (408) 345-8886, FAX: (408) 345-8475,
e-mail: us@agilent.com, www.agilent.com.

Waveguide Components

OFF-THE-SHELF OR CUSTOM DESIGNS

We're Ready When You Are... Next Day Delivery

CUSTOM DESIGNS

94

Custom designs are a Waveline specialty. If you
don't see the product or design in our catalog, we
probably have your "special” in our design files.

Waveline now offers a complete line of Pin Diode
Switches, Attenuators & Phase Shifters. Waveline
has the expertise and capabilities to integrate
waveguide and solid-state designs for subassemblies.

0f Catalog Components

From The Largest Inventory Of Waveguide Components In The industry
RECTANGULAR, MM-WAVE, & DOUBLE-RIDGED COMPONENTS

CALL OR WRITE

waveline

P.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100 Fax: 973-226-1565
E-mail: wavelineinc.com
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Dual RF Mixer Needs Only 600mW

Actual Size

LTC5569 Total Solution Size: <220mm?
Including External Components

300MHz to 4GHz, 26.8dBm IIP3 Dual Active Mixer

The LTC®5569 is the lowest power dual mixer with the highest performance and widest bandwidth. Its small form factor is
optimized so you can pack more diversity or MIMO receiver channels in compact Remote Radio Heads. The mixer’s wide
frequency range allows you to build a wide range of multiband radios cost effectively. With integrated RF and LO balun
transformers, the LTC5569 saves cost and precious board space. Each channel can be independently shut down, providing
maximum flexibility to efficiently manage energy use.

¥ Dual Mixer Family

Part

Frequency

1IP3

Conv. Gain

NF/5dBm

Power

Number Range (dBm) | (dB) | Blocking (dB) | (mW) Package

LTC5569 | 0.3GHzto 4GHz | 26.8 2 11.717.0 | 600 | 4mm x 4mm QFN
LTC5590 |0.9GHzto 1.7GHz| 26.0 8.7 97155 | 1250 | 5mmx5mm QFN
LTC5591 |1.3GHzto 2.3GHz | 26.2 8.5 9.9/155 | 1260 | 5mm x 5mm QFN
LTC5592 |1.7GHzto 2.7GHz | 26.3 8.3 9.8/164 | 1340 | 5mmx5mm QFN
LTC5593 |2.3GHzto 4.5GHz | 26.0 8.5 95159 | 1310 | 5mmx5mm QFN

INEAR

TECHNOLOGY

¥ Info & Free Samples

www.linear.com/product/LTC5569
1-800-4-LINEAR

Free Wireless
Solutions

| Brochure

o

o

e

www.linear.com/wireless

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



BLUETOOTH®

RF MODULES
www.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. ANT

o

:Panasonic
:Electronic Components

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

m Electromechanical —

RF Modules

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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JACK BROWNE | Technical Contributor

Portability Adds To Testing

Versaftility

ORTABLE TEST equipment has
greatly improved over the past de-
cade, narrowing the performance
gap between portable and bench-
top instruments. In terms of functional-
ity, the number of choices for portability
instruments has also increased. Portable
RF/microwave instruments, once relegated
to voltmeters and power meters, are now
available for signal generation, spectrum
analysis, and even vector network analysis
in lightweight housings that make it pos-
sible to bring the test bench to the job site.

The current range of portable RF/mi-
crowave test instruments is wide, from
pocket-sized power meter/sensors that
connect to a computer via its Universal
Serial Bus (USB) port to battery-powered,
multifunction instruments. In almost all
cases, these portable instruments com-
promise little or nothing in terms of accu-
racy and overall performance compared
to their benchtop counterparts. In addi-
tion, as these portable testers evolve, they
offer greater operating efficiency—and
with it, the capability to run longer on a
single battery charge.

A glance at this issue’s cover and its as-
sociated story (p. 90) will show some of the
measurement power possible from a por-
table instrument. The FieldFox family of
portable analyzers from Agilent Technolo-
gies (www.agilent.com), which has been
on the market for some time, now features
14 new instruments with a variety of anal-
ysis capabilities through 26.5 GHz. They
are designed for ease of use, long battery
life, and good screen visibility even in sun-
light, but they sacrifice nothing in terms

Microwaves&RF | visit www.mwrf.com

High-frequency test equipment is getting smaller
and lighter, yet sports increased functionality and
battery life, allowing engineers to bring a full
complement of measurements into the field.

1. The MS2028B VNA Master is a fully
featured 5-kHz-to-20-GHz two-port
network analyzer is a compact, hand-
holdable housing. [Photo courtesy of
Anritsu Co. (www.anritsu.com).]

of performance and accuracy. Impressive
instruments, for sure, but they are just one
example of the many portable measure-
ment solutions now on the market.

Of course, those needing RF/micro-
wave measurements in the field can also
count on the SiteMaster™ and VNA Mas-
ter portable instruments from Anritsu Co.
(www.anritsu.com) for different test func-
tions. For example, the MS2028B VNA
Master (Fig. 1) is a broadband, handheld
solution for cable and antenna measure-
ments in the field. It is a handheld, two-
port vector network analyzer (VNA) that
covers 5 kHz to 20 GHz with a 65-dB dy-
namic range to 20 GHz. This is an instru-
ment developed for on-site testing, with
a thin-film-transistor (TFT) color display
thatis clearly visible in daylight and a typi-
cally running time of two hours on a bat-
tery charge. It can store more than 4000
traces in memory and perform fast sweeps
with a speed of 750 us/data point.

The MS2028B VNA Master features

1.5-ppm frequency accuracy and 1-kHz
frequency resolution and only weighs 9.9
Ibs (4.5 kg) with its rechargeable battery. It
has been designed to perform as the equal
of any benchtop two-port VNA covering
its frequency range, and is ideal for cable
loss and fault measurements at commu-
nications sites in the field. It is equipped
with Ethernet and USB ports for ease of
data transfer and boasts a large number
of options—among them, for an internal
bias tee (for active device testing), a vector
voltmeter, a power monitor, and even an
internal Global Positioning System (GPS)
receiver for accurate identification of dif-
ferent test sites. It is just one of many por-
table instruments in Anritsu’s “Master”
lines, which also include the Site Master
cable-and-antenna analyzers and spec-
trum analyzers with frequency coverage
extending to 30 GHz.

Another small RF/microwave in-
strument well suited for in-field mea-
surements is the R&S® PR100 portable
receiver from Rohde & Schwarz (www.
rohde-schwarz.com). With a frequency
range of 9 kHz to 7.5 GHz, it teams with the
firm’s R&S HE300 active directional an-
tenna to form a compact receiving system
for monitoring emissions, detecting in-
terference, and locating transmitters. It is
ideal (to give just one example), for detect-
ing interference at airports and other re-
mote locations. It weighs only 3.5 kg with
its rechargeable lithium-ion battery, but
is a full-featured spectrum analyzer with
resolution bandwidths from 125 Hz to 100
kHz and scan speeds to 200 channels/s.
Preselection can be set from 9 kHz to 30
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IMPROVED ON-SITE TESTING

MHz with a 30-MHz lowpass filter, from 20 MHz to 1.5
GHz with tuned bandpass filters, and from 1.5 to 7.5
GHz with highpass/lowpass filter combinations.

The R&S PR100 portable receiver runs for four
hours on a single battery charge and automatically
saves instrument settings when the receiver is shut
off. It shows results on a bright 6.5-in. color screen
and contains both 64 MB of random-access memory
(RAM) and a built-in SD card for data storage. It also
has an external SD card reader for moving information
as needed. For in-field use, the instrument can display
results on a digital map loaded within the receiver. An
upgrade kit can turn the receiver into a portable direc-
tion-finding (DF) system, based on the firm'’s single-
channel correlative interferometer DF method.

Even smaller, the company’s R&S CTHI100A and
CTH200A radio test sets measure just 4.05 x 7.95 x
1.45 in. (102.9 x 202 x 36.8 mm). The CTH100A (Fig.
2) weighs 1.17 b (532 g) without batteries while the
CTH200A is 1.19 Ib (539 g) without batteries; both in-
struments draw power from three rechargeable or non-recharge-
able 4.5-V batteries. These devices are fully capable of receiver
and transmitter testing from 30 to 512 MHz, with channel spacing
of 5 MHz on the CTH100A and channel spacings of 100 kHz, 200
kHz, 500 kHz, 1 MHz, 2 MHz, and 5 MHz on the CTH200A. The
CTH200A also provides frequency-modulation (FM) demodula-
tion for FM transmitter testing, and both instruments are ideal
for cable fault location. The CTH200A can measure and display
the results of over-the-air (OTA) measurements (across a 60-dB
dynamic range) on a bar graph on the small display screen. In
addition, a cable fault locator in the CTH200A can locate faults
through cables at distances to 480 m.

Rohde & Schwarz also supplies instruments such as the ZVL
line (Fig. 3) of VNAs, which can also be equipped with a spectrum
analyzer as an option. Available in models from 9 kHz to 3.0, 6.0,
and 13.6 GHz, the ZVL instruments nominally appear as bench-
top instruments. But they are equipped with a carrying handle,
weigh only 9 kg, and can be powered by plug-in rechargeable bat-
teries or run from +12-VDC vehicular power supplies for remote
test requirements.

The 3500A portable radio communications test set from
Aeroflex (www.aeroflex.com), which is in the process of being
replaced by the firm’s model 3550A portable test set, is designed
for use from 2 MHz to 1 GHz. It is ideal for quick installed radio
testing and for finding radio failures. The hand-held instrument
includes a spectrum analyzer with ~136 dBm noise level and a
tracking signal generator with frequency range from 2 MHz to
1 GHz, power levels from 0 to -60 dBm, and 1-Hz resolution. It
weighs less than 8 Ibs (3.6 kg) and provides more than 5 hours
on a single battery charge. The spectrum analyzer features phase
noise of -80 dBc/Hz offset 20 kHz from the carrier, with harmonic
levels of —30 dBc and spurious levels of —40 dBc. The 3500A offers
a large number of options, including an audio frequency counter
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2. The R&S CTH100A and CTH200A radio
test sets are hand-held instruments that
operate from 30 to 512 MHz. [Photo

ANT courtesy of Rohde & Schwarz (www.

RADIO

rohde-schwarz.com).]

3. The ZVL line of compact VNAs is

available with units operating to 13.6
GHz. Although somewhat heavy, they
can operate from battery or vehicular

12-V power. [Photo courtesy of Rohde
& Schwarz (www.rohde-schwarz.com).]

and audio oscilloscope. It can also be equipped with a received-
signal-strength-indication (RSSI) meter, which indicates the RF
power within the receiver’s IF bandwidth. It has a display range of
—120 to +43 dBm with measurement capability of -50 to +43 dBm
at the instrument’s transmit/receive (T/R) port.

Of course, not all RF/microwave instruments designed for
portability are easy to transport or use while in motion. A grow-
ing number of compact instruments, such as the PWR-4RMS USB
power sensor from Mini-Circuits, are designed for USB connec-
tions to a laptop or personal computer, with the computer provid-
ing control, programming, and display of results. The PWR-4RMS
turns any computer running Microsoft Windows or Linux into a
power meter capable of reading the power levels of modulated
and continuous-wave (CW) signals. It measures just 4.89 x 1.74 x
0.95 in. and operates from 50 to 4000 MHz with a 55-dB dynamic
range (-35 to +20 dBm).

In some cases, a small package size may house an instru-
ment that can be easily carried, but may not be ideally suited for
on-site or in-the-field measurements. For example, the DSA815
spectrum analyzer from Rigol Technologies (www.rigolna.com),
reported on in the August issue of Microwaves & RF (p. 104) mea-
sures just 14.2 x 7.0 x 5.0 in. and weighs 9.4 1bs. With a frequency
range of 9 kHz to 1.5 GHz, it covers a wide range of applications.
Better still, it can be supplied with a full-range tracking genera-
tor to operate in the manner of a scalar network analyzer. But it
has been designed for use with AC power, so an AC power source
would be required in the field for any on-site measurements.

Still, for those seeking portable RF/microwave test instru-
ments for on-site measurements, the number of choices has nev-
er been as large, and growing constantly. A wide range of RF/mi-
crowave instruments is available for use on battery power, many
units with multiple measurement functions, and many that can
be upgraded at any time with additional functions. MWRF
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Rugged, portable, production test workhorses Accurate, reliable results at high speed

Sweep or hop across wide frequency and power bands, use  Signals within 1 ppm for frequency and 0.25 dBm for power, low
a pair for third-order intercept tests, or slip one into your harmonics, a resolution of 5§ kHz, and 5-msec settling times
laptop case and take it on the road! Our easy-to-use GUI will  help you get the data you need from complex, high-speed
have you up and running in minutes. Compatible with most  testing plans. Just go to minicircuits.com for specifications,
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all without busting your budget! choice — and get it in your hands as soon as tomorrow!
*See data sheets for an extensive list of compatible software.
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Scopes Include Spectrum

Analyzers

SCILLOSCOPES ARE the work-
horse test instruments of any
electronic design bench, and
the MDO4000 lines of mixed-
domain oscilloscopes (MDOs) from Tek-
tronix (www.tektronix.com) have brought
extended capabilities to these invaluable
instruments by including spectrum ana-
lyzers. To make them even more accessi-
ble, the firm recently announced two low-
cost additions to the MDO4000 product
line: models MD04014-3 and MD0O4034-
3, with analog bandwidths of 100 and 350
MHz, respectively. These versatile test
tools each offer 4 analog channels, 16 dig-
ital channels, and one RF channel, with an
RF range that can extend to 3 GHz.

Each MDO4000 model (see figure)
can capture time-correlated analog,
digital, and RF signals across its operat-
ing bandwidth, but also tracks how the
spectrum changes over time by using the
spectrum-analyzer functionality. These
combination testers provide support for
as much as 3 GHz capture bandwidth in
a single acquisition. In addition to trigger-
ing on events with the oscilloscope, the
MDO4000 instruments can also trigger on
RF signals to help isolate an event.

Both models MDO04014-3 and
MDO4034-3 cover a spectrum analyzer
(RF) range of 50 kHz to 3 GHz. The instru-
ments differ by their analog bandwidths,
as mentioned previously. Both integrate
the functionality of an oscilloscope with
that of a spectrum analyzer, logic ana-
lyzer, and protocol analyzer. They fea-
ture a maximum capture rate of 50,000
waveforms/s and provide more than 125

100

Two low-cost additions to a line of versatile fest
instruments can work as oscilloscopes and
spectrum analyzers simultaneously, providing
a unique set of triggering functions to 3 GHz.

The models MDO4014-3 and MDO4034-3 are the
two latest additions to the MDO4000 series of
oscilloscopes/spectrum analyzers introduced last year.

The new models have analog bandwidths of 100 and
350 MHz for the scopes and RF ranges of 50 kHz to

3 GHz for the spectrum analyzers.

trigger combinations. Their trigger acqui-
sition system is fully integrated with the
RF, analog, and digital channels.

A single trigger event coordinates sig-
nal acquisition across all channels. A vari-
ety of time-domain triggers are provided,
including edge, sequence, timeout, video,
and rise/fall time triggers. Triggering can
be performed on the power level of the RF
input signal, such as when a transmitter
turns on.

The screen can show both time- and
frequency-domain information. When
the RF channel and any analog or digital
channels are active, the display is split into
two views: The upper half shows a tradi-
tional oscilloscope screen with a time-do-
main display, while the lower half shows

the frequency-domain view
of a spectrum analyzer.

The new instruments
both include four Universal
Serial Bus (USB) 2.0 ports,
alongwith an RS-451ocal-ar-
ea-network connector. They
show signal information on
a 10.4-in. (264-mm) liquid-
crystal TFT color display
with resolution of 1024 x 768
pixels. The instruments are
equipped with low-capaci-
tance, wide-bandwidth pas-
sive probes, and are avail-
able with optional serial-bus
analysis capability for study-
ing USB, MIL-STD-1553, RS-
232, and other serial buses.
In addition, the firm has
announced the new model
TRA-N-PRE preamplifier with bandwidth
of 9 kHz to 6 GHz for improving the sen-
sitivity of low-level measurements. It pro-
vides nominal gain of 12 dB.

Finally, the company has also intro-
duced the SignalVu-PC vector signal
analysis software for use with the oscil-
loscopes. The MDO4000 series instru-
ments can save baseband In-phase (I)
and quadrature (Q) data from complex
modulated wireless signals into the .TIQ
file format, ideal for import into SignalVu-
PC running on a laptop or personal com-
puter (PC) for analysis.—/B

TEKTRONIX, INC., 14150 S.W. Karl Braun Dr.,
P.O. Box 500, Beaverton, OR 97077; www.
tek.com.
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SDR Kit Helps Radio

Designer

OFTWARE-DEFINED-RADIO
(SDR) technology provides the ex-
treme flexibility of software con-
trol of radio parameters. However,
because it is so different from traditional
analog, mixer-based radio architectures,
knowing how to optimally incorporate an
SDR in a commercial or military commu-
nications application requires something
of a learning curve. To help expedite the
process, Analog Devices (www.analog.
com) and Avnet (www.avnet.com) have
teamed on a new SDR kit.

The Zyng™7000 SDR kit (see figure)
from Analog Devices consists of the Avnet
ZedBoard 7020 base board; the AD-FM-
COMMSI1-EBZFMC communications
mezzanine-card module [which employs
a field-programmable gate array (FPGA)
from Xilinx (www.xilinx.com)]; a model-
based design kit from The MathWorks
(www.mathworks.com); HDL source
code; Linux drivers; Gerber files; refer-
ence designs; schematic diagrams; and a
pair of MMCX-to-MMCX coaxial cables.
The FMCOMMSI1-EBZ includes an analog
front-end which can be quickly config-
ured to operate with a variety of compute-
intensive FPGA-based applications. It is
also designed for use with the Xilinx Zynq®
Software-Defined Radio Kit.

The SDR kit is suitable for wireless in-
frastructure, as well as for military and
industrial radios. Featuring a 200-MHz
bandwidth that can be tuned across a
bandwidth of 400 MHz to 4 GHz, it al-
lows operators to bypass the RF section
for baseband sampling. It is also well
suited for multiple-input, multiple-out-
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Design engineers wishing to incorporate software-
defined-radio (SDR) technology in their systems
can now get a head start, thanks fo this radio
board and included software tools.

The Zyng-7000 SDR kit provides all the
hardware and software for a designer to

program their own commercial or military
radio over wide bandwidths to 4 GHz.

put (MIMO) antenna configurations. The
SDR kit builds on the performance avail-
able from the AD-FMCOMMSI1-EBZFMC,
which is populated with a number of
high-performance components from Ana-
log Devices. These components include
a 6-GHz model ADL5380 demodulator,
a 6-GHz model ADL5375 modulator, a
model AD9122 16-b digital-to-analog con-
verter (DAC), and a model AD9643 14-b
analog-to-digital converter (ADC).

The SDR board and AD-FMCOMMS1-
EBZFMC mezzanine card operate with
four functional partitions: the transmit
signal path, the receive path, clock gen-
eration and management, and register ac-
cess. For transmission, the card converts
in-phase (I) and quadrature (Q) baseband
signals to modulated RF/microwave sig-
nals. The model AD9122 interpolates this
data and applies frequency translation to
the baseband signals. A complex analog
output from the AD9122 DAC then feeds

a model ADL5375 quadrature modulator
where it is translated to the required RF
output frequency. Following an image-
reject filter, the signal is boosted by 20 dB
through a model ADL5602 amplifier with
4-GHz bandwidth. The amplifier provides
RF outputs to +7.5 dBm.

Upon receiving a signal, the card con-
verts an RF signal to complex I and Q sig-
nal components. The RF signal is demodu-
lated by the model ADL5380 demodulator
to achieve an intermediate-frequency (IF)
signal from 50 to 200 MHz. This I/Q IF
signal is then filtered and passed to the
ADB8366 variable-gain amplifier (VGA),
which provides as much as 15.75 dB gain.
Following additional filtering, the signal is
digitized with the AD9643 14-b ADC. The
system can derive a clock signal from an
on-board crystal or crystal oscillator at 50
MHz or from the FPGA.

The Zynq-7000 SDR kit is supplied with
operator’s manuals and software. The kit
includes the ISE® Design Suite:WebPACK™
edition from Xilinx with a Chipscope Pro
license node-locked to the embedded
Xilinx XC7Z020 FPGA. The model-based
design kit and evaluation tools from Math-
Works help to quickly move conceptual
designs to working code for the SDR kit.
The kit includes two Fourth-Generation
Long-Term-Evolution (4G LTE) antennas
for use from 2500 to 2700 MHz.—/B
ANALOG DEVICES, INC., 3 Technology Way,
Norwood, MA 02062; www.analog.com,
AVNET ELECTRONICS MARKETING, 2211 S.
47th St., Phoenix, AZ 85034; (800) 408-8353,

www.avnet.com.
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ProductFeature

Module Contains Vector

Transcelver

CTOR SIGNALS, with in-phase
() and quadrature (Q) signal
components, are part of mod-
ern wireless communications
systems employing complex modulation.
Testing those systems traditionally called
for separate vector signal analyzers (VSAs)
and vector signal generators (VSGs). But
now, National Instruments (www.ni.com)
has introduced its model NI PXIe-5644R
vector signal transceiver (VST); a compact
PXI Express module, it combines a VSG
and VSA with a field-programmable gate
array. The model features an instanta-
neous bandwidth of up to 80 MHz, at test
frequencies from 65 MHz to 6 GHz.

The NI PXIe-5644R VST (see figure)
combines multiple instruments a single
three-slot PXI Express module. By mount-
ing multiple NI PXTe-5644R into one PXI
Express chassis, a compact test solution
can be created for testing wireless sys-
tems with multiple-input, multiple-output
(MIMO) antenna configurations. The
analyzer offers 1-Hz tuning resolution and
can process input signals from the aver-
age noise level of the receiver section to
about 1 W (+30 dBm) input power. The
transceiver settles to within 0.1 dB of a fi-
nal amplitude value in typically 125 ps. At
room temperature, the analyzer achieves
a typical absolute amplitude accuracy of
+0.50 dB from 65 MHz to 375 MHz, +0.35
dB from 375 MHz to 2 GHz, +£0.40 dB from
2to 4 GHz, and +0.55 dB from 4 to 6 GHz.

The NI PXIe-5644R receiver is based on
a homodyne zero-intermediate-frequen-
cy (zero-IF) architecture, also known as
a direct-downconversion receiver. Input
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This compact PXI Express module combines a
vector signal generator and vector signal ana-

lyzer with an FPGA-based processing engine in
a versatile 6-GHz vector signal transceiver.

signals are processed through frequency
mixers, using local oscillator (LO) signals
close in frequency to the input signals,
yielding low-frequency (close-to-DC) IF
signals. At baseband, the IF signals are
separated into I and Q signal components
and separately digitized, resulting in I and
Q data. These data streams are combined
in software to recreate the original signal.

The transmitter section incorporates
two I/Q modulators, a filter bank, and ad-
ditional signal conditioning. The two I/Q
modulators, which are optimized for am-
plitude and phase balance, are the same
ones used in the NI PXIe-5673E VSG. A low-
phase-noise LO is included on the transmit-
ter path for connecting multiple upconvert-
ers with a single LO source.

Although the analog portions of the NI
PXIe-5644R VST are impressive, the role of
the FPGA should not be overlooked. It is

The NI PXle-5644R is a vector signal
transceiver (VST) that fits within a three-
slot PXI Express module and features 80-

MHz of instantaneous bandwidth across a
frequency range of 65 MHz to 6 GHz.

a Virtex-6 FPGA from Xilinx (www.xilinx.
com), which can be readily programmed
by means of the LabVIEW FPGA Module
within the LabVIEW system software from
National Instruments. The FPGA makes
use not only of the signals from the NI
PXIe-5644R VST’s analyzer and generator,
but also of its 24 digital input/output (I/Q)
lines, which operate at data rates up to
250 Mb/s. The FPGA basecard within the
NI PXIe-5644R VST includes the Virtex-6
FPGA, baseband clocking circuitry, 16-bit
analog-to-digital converters (ADCs), 16-
bit digital-to-analog converters (DACs),
programmable digital I/O lines, a PXI Ex-
press interface, PXI triggers, and memory.

The NI PXIe-5644R contains a Xilinx
Virtex-6 LX195T FPGA, which has direct
connections to the ADCs, DACs, PCI Ex-
press bus, DRAM, SRAM, PFI 0, digital I/O,
and PXI triggers. Multiple clocks are used
with the FPGA, including sample clocks at
rates of 1X (120 MHz), 2X (240 MHz), and
3X (360 MHz); a 100-MHz clock from the
backplane; and free-running 40- and 125-
MHz clock oscillators. The NI PXIe-5644R
is available with three different PLL band-
width options: high, medium, and low.

To help new users, a number of Lab-
VIEW sample projects are available for
the NI PXIe-5644R, as well as Instrument
Design virtual instruments (VIs) that help
understand how to program the FPGA.
The firm has also produced several tuto-
rial videos, available on its website.—/B

NATIONAL INSTRUMENTS CORP., 11500 N.
Mopac Expy., Austin, TX 78759-3504; (512)
683-0100, www.ni.com.
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2W,5W, and 20W

PRECISION

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.

NOWUP 1026 G"z from$2 9 ega5(1 -49) ORoHS complant

ATTENUATORS

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!

[ Mini-Circuits’

1SO 9001

ISO 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 performance specs & shopping online see mmn[%u
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GaAs Chips Help VSAT Systems

family of Ka-band GaAs chipsets has been developed

by TriQuint Semiconductor for use in very-
small-aperture-terminal (VSAT) satellite
communications systems. The family
includes a variable-gain ampli-
fier, a 1-W power amplifier
(PA), a subharmonic frequency
upconverter, and a block fre-
quency downconverter. The model
TGA4541-SM variable-gain driver
amplifier operates from 28 to 31 GHz
with 33-dB maximum gain and +23-dB
output power at 1-dB compression. It of-
fers an output third-order intercept point
of +31 dBm. The gain can be varied over a
30-dB range. The model TGA4539-SM power
amplifier supplies +30-dBm output power (1
W) from 28 to 30 GHz with 20-dB gain and
output third-order intercept point of +33 dBm. The model
TGC4408-SM block downconverter has an input range

VCO Tunes From 1210 To 1230 MHz

odel USSP1217-LF is a RoHS-compliant voltage-controlled oscillator (VCO)

designed for L-band applications from 1210 to 1230 MHz. It tunes with
voltages from 0.5 to 3.0 VDC and tuning linear-
ity of better than 1.1:1. It delivers output power
of +3 dBm across the frequency range, with
+3-dB flatness, and exhibits phase noise of -102
dBc/Hz offset 10 kHz from the carrier. The oscil-
lator is supplied in the company’s compact USSP
housing measuring just 0.2 x 0.2 x 0.06 in. and
drawing only 13 mA current. Second harmonics
are suppressed to better than -13 dBc. Ideal for mobile radio and satellite-com-
munications (satcom) applications, the VCO is available in tape-and-reel packag-
ing to meet production requirements.
Z-COMMUNICATIONS, INC., 14118 Stowe D., Ste. B, Poway, CA 92064; (858) 621-
2700, FAX: (858) 486-1927, www.zcomm.com.

Frequency Doubler Extends To 30 GHz

odel XX1010-QT is a GaAs monolithic-microwave-integrated-circuit (MMIC)

frequency doubler from M/A-COM Technology Solutions that is well
suited for satellite-communications (satcom) and point-to-point communica-
tions systems. The active frequency doubler integrates a gain stage, doubler, and
driver amplifier into a single device.
It accepts input signals from 14.625
to 15.000 GHz and delivers output
signals from 29.25 to 30.00 GHz. It
provides +20-dBm saturated output
power with -35-dBc fundamental-
frequency suppression. It is supplied
in a RoHS-compliant, 16-lead, 3 x 3
mm plastic QFN package. Designed
to operate from a single +5-VDC supply (it draws typically 200 mA current), the
active doubler includes DC blocking and bypassing capacitors, eliminating the need
for any external components.
M/A-COM TECHNOLOGY SOLUTIONS, 100 Chelmsford St., Lowell, MA 01851; (978)
656-2500, www.macomtech.com.
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0f 18.3 to 20.2 GHz and an intermediate-frequency (IF)
range of 950 to 1950 MHz with conversion
| gain of 8.5 dB and noise figure of 6.5 dB.
A The downconverter has phase noise of -73
{ A dBc/Hz offset 10 kHz from the carrier
A\ A and -126 dBc/Hz offset 1 MHz from
he carrier. It is supplied in a 32-pin 5

6-mm QFN package.
The model TGC4407-SM subhar-

kA monic upconverter has an integrated
L local-oscillator (LO) buffer amplifier

with an input frequency range of 21.5

A\ to 32.5 GHz, wide IF range of DC to

\ 7 GHz, and subharmonic LO fre-
quency of 11 to 16 GHz. It accepts
LO signals from O to +7.5 dBm and
yields conversion gain of -9 dB.

TRIQUINT SEMICONDUCTOR, INC., 2300
NE Brookwood Pkwy., Hillsboro, OR 97124; (503) 615-9000,
FAX: (503) 615-8900, www.triquint.com.

Planar Antenna
Captures NFC Data
Anear—ﬁeld communications (NFC)
antenna enables mobile tele-
phones to read data from a source at
distances to 40 mm. The antenna sends
and receives clear signals even when
installed in close proximity to a battery
or metal housing. The ferrite sheet
antenna can be customized to different
sized handset designs and enables safe,
noncontact, wireless communications
for mobile devices. The planar ferrite
sheet-based :
antenna
measures 35
x 50 mm with
minimum
thickness of
0.30 mm,
including the
ferrite/adhe-
sive/antenna flex layers. The magnetic
field strength can be optimized by
the type and thickness of the ferrite
material and the design of the radiator
pattern. The NEC ferrite sheet antenna
is RoHS compliant, comes packaged in
trays, and is ready for volume produc-
tion. It is available in a variety of sizes
and can be custom configured to a
customer’s specifications.
PULSE ELECTRONICS CORP., 12220
World Trade Dr., San Diego, CA 92128;
(858) 674-8100, FAX: (858) 674-8262, www.
pulseelectronics.com.
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CERAMIC AMPLIFIERS

10 MHz to 6 GHz

When failure is not an option. Our new CMA amplifiers deliver
incredible performance, in an incredibly rugged, nitrogen-filled
hermetic LTCC design, just 0.045” high, that can only be found
at Mini-Circuits! These models are so tough, they’ve qualified
for use under every test condition we’ve thrown at them:

MIL Standard Qualifications (see website for complete list and details)

High IP3 up to 38dBm  Low DC current 80OmA

ea (qty 20)

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

Electrical Specifications (-55 to +105°C)

Gross and Fine Leak  HTOL (1700 hours+ @ +105°C) Model Freq. Gain Pour IP8 NF DC Price $ea.

Mechanical Shock Thermal Shock (GHz) (dB) (dBm) (dBm) (dB) (V) (aty 20)

Vibration Steam Aging CMA-62+ 0.01-6 15 19 Bah 4.95

Acceleration Solder Heat Resistance b CMAB3+ 1001620 « 18 = 32 4 5. 495

PIND Autoclave (and more) 3 x3x1.14mm CMA-545+ ‘0.05—6 15 20 37 1 g 4.95
(O RoHS compliant

Mini-Circuits...we're redefining what VALUE is all about!
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nplitude leveling
dditive phase noise

FS730 and FS735 series ... starting at $1250 w.s.list

The FS730 and FS735 10 MHz distribution amplifiers
from SRS provide state-of-the-art solutions to
challenging signal distribution tasks.

These distribution amplifiers use an input limiter
design, which removes amplitude modulation from the
signal, provides fixed amplitude outputs and blocks
input noise. Virtually any 10 MHz waveform with a
duty cycle near 50% may be used as an input.

The FS735 model provides fourteen 10 MHz output
BNC connectors on the rear panel, with status indicators
on the front panel. The half-rack sized FS730 model
gives seven 10 MHz outputs and is available in both
bench-top and rack-mount forms.

With mix and match capability, the FS735 can also
be configured with 10 MHz, 5 MHz, Broadband,
and CMOS Logic distribution amplifiers side-by-side

for other applications. Multiple units can be
daisy-chained for easy expansion.

Please visit www.thinkSRS.com for details.
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Additive phase noise in 10 MHz Distribution Amplifiers:
Limiter vs. AGC Designs

(408)744-9040

S RS Stanford Reseay

www.thinkSRS.com
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Sector Microwave
Industries, Inc.

(631) 242-2300 F 631) 242-8158
www.sectormicrowave.com

Sector Microwave

AVTECH ELECTROSYSTEMS LTD.
AVTECH || Sk ok b

Fast Pulse Test Solutions

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

AVR-EB4-B: +2A/-4A pulser for diode reverse-recovery time tests Y B s
AV-156F-B:  +10 Amp constant current pulser for airbag initiator tests. i i
AVO-9A-B: 200 mA, 200 ps rise time driver for pulsed laser diode tests. |

AV-151J-B:  +400 V, 50 kHz function generator for piezoelectric tests. i
AVOZ-D2-B: 700V, 70 A pulser for production testing of attenuators.
AVR-DV1-B: 1000 V, variable rise-time pulser for phototriac dV/dt tests.

Typical Output Wavefonn
2 A/div, 40 ns/div

AVR-DCI-B Reverse Recovery Test System

Tel: 888-670-8729 info@avtechpulse.com
Fax: 800-561-1970 www .avtechpulse.com

AVTECH

RF Amplifiers, Isolators and
Circulators from 20MHz to 40GHz

» Super low noise RF
amplifiers

» Broadband low noise
amplifiers

» Input PIN diode protected low
noise amplifiers

» General purpose gain block
amplifiers

» High power RF amplifiers
and broadband power
amplifiers

» RF isolators and
circulators

» High power coaxial and
waveguide terminations

» High power coaxial
attenuators

> PIN diode power limiters

> Active up and down
converters

Wenteq Microwave Corporation
1070 Hamilton Road, Suite A, Duarte, CA 91010
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteg.com, Website: www.wenteg.com

Wenteq

A '{Kf(i‘l“m@ﬂ 754 Fortune Cr, Kingston, ON

. i s K7P 273, Canada.
/é\ i r*}*ﬂﬂm ; 613 384 3939
r # STechno! m info@astswitch.com

Advanced Switch Technology

Microwaves & RF

Microwaves & RF provides concisely written articles on RF and microwave 3
technology and applications for design engineers and engineering moncgers-
working from approximately 10 MHz through millimeter-wave frequencies and §
optical wavelengths in both analog and digital areas. Published monthly, the %
magazine serves as a continuing-education guide for engineering professionals %

involved in the design of components, software, subsystems, and test equipment
for automotive, commercial, industrial, medical, and military applications for
high-frequency electronics.

Microwaves&RF | visit www.mwrf.com
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Switch Channels
14.4 to 15.4 GHz

odel P2T-14D415D4-15-SMT-

20W is a driverless high-power
single-pole, double-throw (SPDT)
switch designed for applications from
14.4 to 15.4 GHz. It exhibits maxi-
mum insertion loss of 1.2 dB at room
temperature (+25°C). The transmit/
receive isolation of the
switch is at least
10 dB. The -
switch can _*
handle in-
put power §
levels to
20 W. The
rugged SPDT
switch is housed
in a surface-mount-
technology (SMT) package measuring
just 0.35x0.50 x 0.21 in.
PLANAR MONOLITHICS INDUSTRIES,
INC. (PMI), 7311-F Grove Rd., Frederick,
MD 21704; (301) 662-5019, FAX: (301)
662-1731, e-mail: sales@pmi-rf.com,
www.pmi-rf.com.

Module Supports
ISM Front Ends
Designed for applications in

the 868/900-MHz Industrial-
Scientific-Medical (ISM) band, model
RFFM6904 is a single-chip front-end
module (FEM) ideal for portable equip-
ment. Based on GaAs HBT technol-
ogy, the module contains a 2-W power
amplifier, a transmit/receiver (T/R)
transfer switch, a low-noise amplifier
(LNA) with bypass mode, and imped-
ance-matching
components
for optimum
performance.
It operates
from a +5-
VDC supply
with 32-mA
current con-
sumption for the LNA and 1200-mA
current consumption for the PA. The
module delivers its rated performance
at operating temperatures from -40
to +85°C. The PA provides +33.5 dBm
output power at 1-dB compression with
30-dB typical gain from 02 to 928 MHz,
while the LNA has typical noise figure
of 1.3 dB and gain of 21 dB from 902 to
928 MHz. The T/R switch has 0.85-dB

RFMD &)

RFFM6904

112

typical insertion loss from 902 to 928
MHz from its receive or transmit port
to either of two antenna ports. The
FEM is housed in a 32-pin, laminate
package measuring 8.0 x 8.0x 1.2 mm
with backside ground.

RFMD, 7628 Thorndike Rd., Greensboro,
NC 27409-9421; (336) 678-5570, www.
rfmd.com.

BUC Links Ku-band
Satcom Systems

odel XTS-40KHE-B1 is a Ku-

band block upconverter (BUC)
that includes temperature compensa-
tion, gain control, harmonic filtering,
receive-band filtering, and an output
isolator in a compact unit weighing
less than 10 Ibs; it measures just 11.2
x 4.4 x 54. in. Suitable for commercial
and military Ku-band satellite-com-
munications applications, it provides
20 W linear output power and 40 W
of output power at 1-dB compression.
The feed-mountable amplifier features
forced-air cooling and consumes only
210 W power. It features an L-band
input port handles signals from 950
to 1700 MHz at maximum level of
+10 dBm and a Ku-band output port
that supplies +46 dBm output power
at 1-dB compression and +47 dBm
saturated output power from 13.75 to
14.50 GHz. The BUC achieves 50-dB
small-signal gain from 13.75 to 14.50
GHz with gain variation of +1.5 dB
over the full operating band. It exhib-
its phase noise of —-73 dBc/Hz offset
1 kHz from the carrier and -93 dBc/
Hz offset 100 kHz from the carrier.
The BUC includes Ethernet and RS-
232/422/485 interfaces.
COMTECH XICOM TECHNOLOGY, INC.,
3550 Bassett St., Santa Clara, CA 95054;
(408) 213-3000, FAX: (408) 213-3001, e-mail:
sales@xicomtech.com, www.xicomtech.com.

Oscillator Locks Onto 1030 MHz
odel CLX-1020-XA is a fixed-
frequency, phase-locked oscilla-

tor with a stable output at 1030 MHz.

It includes an internal reference with

+2 ppm stability and delivers +7 dBm

output power with +2-dB output-
power flatness. Harmonics are better
than -20 dBc while spurious content is
better than -80 dBc. The phase noise
is better than -97 dBc/Hz offset 1 kHz
from the carrier, -109 dBc/Hz offset

10 kHz from the carrier, and -135
dBc/Hz offset 100 kHz from the car-
rier. The phase-locked oscillator draws
less than 85 mA from a +5-VDC supply
and has an operating temperature
range from -30 to +70°C. It is supplied
ina 0.75x 0.75 in. surface-mount-
technology (SMT) package.

EM RESEARCH, 1301 Corporate Blvd.,
Reno, NV 89502; (775) 345-2411, FAX: (775)
345-1030, e-mail: sales@emresearch.com,
www.emresearch.com.

Portable Tester Scans To 1 GHz
he 3550 digital radio test system
enables radio testing from 2 MHz

to 1 GHz and is ideal for field test-

ing of analog and digital systems. It

weighs only 8.3 lbs with rechargeable

battery and will run for about 4.5

hours on a battery charge. It features a

color touchscreen and allows opera-

tors to test all parts of a radio system,
including the transmitter, receiver, ca-
bles, and antennas. The 3550 includes

a spectrum analyzer and built-in signal

generator with range from 2 MHz to

1 GHz; it meets MIL-PRF-28800A

specifications for humidity, shock, and

vibration with an operating range of
-0 to +50°C. As with many portable
instruments, it offers laboratory-grade
performance, with phase noise of -95
dBc/Hz and spectrum analyzer noise
floor of -140 dBm.

AEROFLEX, INC., 35 South Service Rd.,
PO Box 6022, Plainview, NY 11803-0622;
(516) 694-6700, www.aeroflex.com.
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When it comes to attenuators,
nobody- but nobody- can fill our shoes

A B n ;l

INE ATIENUATOR

After all;'K'v“Avho knows more about variable Write today for New Catalog No. 98. Or call 631-
attenuators than ARRA? We’ve got them all 231-8400 with your special requirements. Customer
...and then some! specials have been our way of life since 1957.

e High Power: 500 W average, 10 kW peak

e Miniature size, in bands 1.0 to 18.0 GHz

e Direct Reading to 120-dB attenuation

e Absorptive PIN Diode extremely broadband

e Remote Control broadband, direct reading .. the last word in variable attenuators
e Computer Programmable TTL-compatible A R R A
INC.
] ] BCD
decimal, binary, or C l._-) Harold Court ® Bay Shore NY 11706- 229_‘
Tel 631-231-8400 Fax 631-434-1116

e T (T OO E-Mail: sales@arra.com
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Boonton's 4540 Peak Power Meter delivers the outstanding

peyrformance needed for today's demanding radar and
communication applications. By incorporating advanced tech-
nology from our flagship 4500B peak power analyzer, the
smaller, economically priced 4540 outperforms higher priced
competitors in many areas. It's fast update rate enables tun-
ing high power amplifiers and processing large amounts of
statistical data for CCDF measurements. Advanced trigger
technology provides a rock solid view of fast rise time
signals and the wide dynamic range allows measuring low
duty cycle pulses. The 4540 power meter provides auto-
matic settings for a large number of technologies including
WCDMA, WiMAX, WLAN, Wi-Fi, LTE, and Radar.

Boonton: Redefining How You Use Power Meters.

4530 RF Power Meter Series

(/% Wireless Telecom Group

Boonton Microlab Noisecom
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in the Performance.

4500B RF Peak Power Analyzer

Auto PK-PK

* Frequency range: 9.9kHz to 40 GHz
e Time resolution: 200 ps

¢ Video bandwidth: 70MHz

e Rise time: <7ns

e Effective sampling rate (RSS): 5GSamples/second
e Statistical analysis including CCDF

* GPIB, USB (device) and LAN standard

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

Scan QR Code

4240 RF Power Meter

Boonton
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