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GaN POWER now in PLASTI

M/A-COM Tech introduces
a line of GaN power transistors in plastic DFN up to 90W

[ Bonmy-0inm > = MAGX-000035-01500P
= MAGX-000035-05000P
= MAGX-000035-09000P

These devices offer high reliability and

excellent thermal performance in convenient

SMT packaging for radar applications. Our ‘
GaN in plastic is highly resistant to moisture
intrusion, has low operating temperatures

due to a higher PAE, and is more reliable than
competing high frequency technologies.

M/A-COM Tech’s GaN in plastic combines the power of GaN on SiC technology
with the size and cost of true SMT packaging.
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Duty Duty Duty Duty Duty Duty Duty Duty Duty
Cycle Cycle Cycle Cycle Cycle Cycle Cycle Cycle Cycle

E Technology Solutions

THE FIRST NAME IN MICROWAVE®



SWITCH MATRICES

Solid State Switch Matrices & Switching Networks to 40GHz

&
Amplifiers

®
Attenuators - Variable
DLVA & ERDLVA & bt
SDLVA’s ®
DTO’s P
Filters %
Form, Fit & Function ®
Products

k]

Hybrids, Dividers &

Couplers

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

1/Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

SWITCH MATRICES & SWITCHING NETWORKS
HANDOVER TEST SYSTEMS

RF SWITCH ASSEMBLIES

PROGRAMMABLE ATTENUATOR ASSEMBLIES
BLOCKING & NON-BLOCKING

FAN-IN & FAN-OUT CONFIGURATIONS
BIDIRECTIONAL

RS-232, RS422/485, PECL, ETHERNET, USB, TOUCH SCREEN &
OTHER CONTROL SYSTEMS AVAILABLE

OTHER INTEGRATED FUNCTIONS AVAILABLE:
PHASE SHIFTING, PULSE MODULATION, DETECTION, ATTENUATION,
RF FILTERING, ETC.

LINUX OR WINDOWS OPERATING SYSTEMS, MODULAR DESIGNS, PLUG &
PLAY, REMOVABLE COMPACT FLASH WITH BOOT AND OPERATING
SOFTWARE

Phase Shifters

Rack & Chassis Mount

Products

Receiver Front Ends

Single Sideband

Modulators

SMT & QFN Products
Solid-State Switches
Switch Matrices

Switch Filter Banks

Threshold Detectors

USB Products

® CUSTOM DESIGNS AVAILABLE TO SUIT YOUR APPLICATION NEEDS
PMI STANDARD SWITCH MATRICES
(GHz) Outputs (dB) {nSec) (dBm, CW)
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PLANAR MONOLITHICS INDUSTRIES, INC.

7311-F Grove Road, Frederick, Maryland 21704 USA
Tel: 301-662-5019 | Fax: 301-662-1731
Email: sales@pmi-rf.com | www.pmi-rf.com
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Routing. Conditioning. One perfectly integrated,
Streamlined, dependable signal routing

and conditioning box.

That's your goal. That's

Aeroflex / Weinschel's

{\ promise. And that's why

v EROF LEX - defense programs such

WEINSCHEL - as JSF, SSEE, JTRS, GMR,
and EPLARS have put their
faith in us. Our subsystems
are easy to control and
configure and perform
various duties as:

Antenna Interface
and Control Units

RF Distribution
and Interface Units

Fading Simulators

Attenuators and

Switch Matrices

Features include high
port-to-port isolation,

low phase noise, dynamic
ranges up to 95 dB, and
high power capability
through 40 GHz.

From ATE to EW, we have
the answers. Call us.

SYSACY
COND-2
800-638-2048 / 301-846-9222

i WTE ooy U e ‘““_ : 4 , X - Pnche
o o i%? e ik www.aeroflex.com/weinschel

o weinschel-sales@aeroflex.com

| *anueomomoe | [
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(D\EROFLEX

b A passion for performance.
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Portable Analyzers

7 Find PIM At Cell Sites

These portable, battery-powered
analyzers generate test fones and
measure PIM levels at indoor and
outdoor remote sites, with models for
specific wireless frequency ranges.

26 Company News

13| From The Editor
After welcoming seemingly all of the communications technology
developed and deployed in the consumer world, the automotive
industry is now using it to create the car of the future.

28/ Inside Track

Mini-Circuits President Harvey Kaylie reveals
how the firm bounced back from Superstorm
Sandy better than ever.

37/ Keeping Pace With Microwave Test Needs
Measurement technologies are becoming easier to transport
where needed, thanks to an increase in portable instruments
and a growing adoption of modular configurations.

40| RF ESSENTIALS

Generating Realistic Signals For Testing

Signal generators for RF/microwave testing are changing in
mechanical formats, with a growing number of test sources
available in compact housings suitable for on-site testing.

46/ INDUSTRY INSIGHT

Components Aid Broadband Testing

Broadband active and passive components can perform invaluable
signal-processing and translation functions.

| DESIGN FEATURES

50| Understand Uncertainty For Better Test Accurac
Measurement uncertainty is the bane of all designers, but
understanding its sources—and the ways to reduce it—can
provide assurance that designs meet their required performance.

60| Wide Filter Stopband Aids UWB Systems

Based on a multiple-mode resonator, this compact ultrawideband
bandpass filter has low passband loss from 3.1 to 10.6 GHz with
high rejection in the upper stopband.

72| Dual-Channel Switch Controls DC To 5.5 GHz
This dual-channel switch circuit provides low insertion loss, high
isolation, and excellent transient response from DC to 5.5 GHz.

PRODUCT TECHNO e
84/ Cables & Connectors Forge Critical Links

Cable and connector configurations are constantly changing to
provide improved electrical performance and greater ease of use.

88| USB Switch Matrix Routes DC To 18 GHz
This rugged, versatile SP4T switch matrix boasts outstanding
electrical performance and ease of use.

96| Device Tester Emulates Wireless Networks
This test system can generate and analyze all of the different
signaling conditions experienced by a modern wireless network.

9 Web Table

Of Contents 32 R&D Roundup
19 Feedback 76 Application Notes
20 News 92 Advertiser’s Index
24 People 94 New Products
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Design Engineering & Sourcing Group
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PHASE STABLE THROUGH 70GHz

d technology provides
resistance, RF
r flexure and

de gned‘*’Fﬁc’)ﬁ?ﬁrﬂugged This combination of mat
0 or applications. Each  superior ruggedization, environi
otected with flexible, SPIRAL-  shielding effectiveness and stabilit;

s Steel armor coated with extruded vibration.
connector ends are sealed and encapsu- Additional connector interfaces and armor/t

ure injection-molded polymer strain relief. ~are available on request.

Rosenberger Rmor™ cab
environments for indo
shielded coaxial cabl
wound 304 Stai
Polyurethan
lated with

DESCRIPTION MECHANICAL SPECIFICATION
Cable jacket & armor outer diameter:

.250 inches nominal

Minimum bend radius: 5inches
Armor crush strength: 450 Ibs/in (min)
Connector retention: 225 Ibs.

50 +/- 1 Ohms . :
DC to 70 GHz Mating torque: 7-10inch pou

14 dB minimum up to 70 GHz
67 dB/ft @ 10.0 GHz MATERIALS AND FINISHES

78 % nominal Armor type:

24.7 pf/ft. nominal

<-90dB Connector environmental testing:

1000 Vrms 1,106,107,204 & 213
+/- .03dB & +/- 1° @10GHz Connector interface dimension; .=, :60169-17 Per MIL-
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REMW is the exclusive stocking distributor for Rosenberger® Connectors and Cable Assemblies

w RFMW, 188 Martinvale Lane, San Jose, CA 95119
PH: 408.414.1450 or 877.367.7369  Email: sales@rfmw.com
Website: www.rfmw.com/Rosenberger




Redefining RF and
Microwave Instrumentation

with open software and modular hardware

i pxie-1075 Ll

S ®e0et o O G

Achieve speed, accuracy, and flexibility in your RF and microwave test

WIRELESS TECHNOLOGIES

~ National InStruments supports a broad
rrange of wireless standards including:

applications by combining National Instruments open software and;mc‘)d(jia‘
hardware. Unlike rigid traditional instruments that quickly become obsoléf :
by advancing technology, the system design software of NI La’bVIEW‘: e kk b i
- 802.11a/b/g/n/ac CDMA2000/EV-DO

coupled with NI PX| hardware puts the latest advances in PC buses,
o  WCDMA/HSPA/HSPA+  Bluetooth

processors, and FPGAs at your fingertips.

>> Learn more at ni.com/redefine

800 813 5078 VNATIONAL
p¥ INSTRUMENTS'




NOISE AMPLIFIERS

Gain @B MIN ~ Noise Figure «@B)  Power-our@pide  3rd Order ICP
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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.

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

ALSO, BE SURE :
WEX T € ) REVISIT IMS2012

OTHER RECENT The 2012 installment of the RF/micro-
ARTICLES IN OUR wave industry’s flagship event, the International
CONTRIBUTED : :

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, as
community/contributors. . : 2 :

well as www.engineering tv.com to view exclusive

videos from the show floor.

engineering Bg tv

1S2012

MONTREAL

NEWS UPDATES Sent To Your Desktop

Tonmnan | owenns | DON’t believe everything you read, unless it's in the
MEET THE CHALLENGES s | latestissue of Microwaves & RF UPDATE. The industry’s
OF TESTING EIGHT- | ox longest-running weekly e-mail newsletter, it combines in-
ANTENNA LTE - oo 9 Y : ‘
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
| i i i i i Components,
DAVID A. HALL— MWRF.com has qrthves of print and online grhcles “dahng boclf Lo rﬂments A
: ! to October 2002. Visit mwrf.com today and click the "Back Issues OMINATE
Senior Product Marketing A 3 : 1 : . s 2012TOP
Manager, link. And while you're taking a look around the site, click on “Product
RF ahid Commun,ications, 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 9
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' Highest Impedance Find

Use this ook to find the RF inductor with the highest impedance af a specific frequency
Enter your operating frequency and any other requirements, then press GO.

0B05HT-R3Y
08HT-R27
131

Sparem SPIC
] Free samgle

o Factor.
Inductance (ol

The best inductor ~ Now in a handy
selection tools. pocket size.

oilcraft.com/mobile

(o]

coilcraft.com/tools

Inductance at Current Finder

= Find powes inductors that have the actual inductance vabie you need al a speciic current
= Enfer yous desired inductance vakie and current, then press GO.

LPS40I2.682 6252 p) 41 41
LALAOS06ER B 5

' RF Inductor Finder Results
= These resulis do not imply an exact match fa your requirements.

We recommmend that you request a free sampie before as ander is placed

Sortresultsby: Fostewe - DR - - -

0302CS-4NT 478 D974 f 3 &)
Inductor Core & Winding Loss Calculator

Stept.2.3  Enter the operating conditions: s sewes

ighest Q Finder

= Use the RF inductor O factor at & specific requency.
» Enfer your inductance value and operating frequency, then press GO

805590

0805HS 47
0B05HS55) @

t of Samples
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A high performance VNA
everyone can afford

PLANAR 804/1
Vector Network Analyzer

; i _ 300 kHz - 8.0 GHz
Now every engineer and technician can have a highly
accurate VNA. Our range of lab-quality, affordable VNAs
from 300 kHz to 8 GHz fit equally well into lab, production,
field and secure testing environments.

300/1
sHz

lanar TR-1
3 MHz i

BHFPER MOUNTAIN A full range of solutions from 300 kHz to 8 GHz
TECHNOLOGIES

www.coppermountaintech.com +1.317.222.5400



7C i
QA8 x 045" |

NC
0.08"x0.05"

0.15-6200 MHz asiowas -99 e¢ach (qly. 1000) O rons compian

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 experiencel

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!

[ IMini-Circuits’

ISO 9001 SO 14001 AS9100
P.0O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
rch Engine finds the model you need, Instantly * For detailed perf ecs & shopping online see minicircuits.com

@.;32@ The Design Engineers Sea %
IF/RF MICROWAVE COMPO.

U.S. Patents
7739260, 7761442
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From the MEDIUM POWER

e’

LOW FREQUENCY BROAD BAND
d TO( LIMITERS
— 10-6000 MHz

Back When Cars Just Drove

Y LAST JOB was with a publication that focused solely on wireless technolo-
gies (a now-defunct brand titled Wireless Systems Design). For a January
issue in the early 2000s, we chose to do a “forecast” issue covering one tech-
nology area that we thought would greatly impact the world. Our choice was telemat-
ics—a term encompassing the use of telecommunications and information-providing
technologies in automobiles. A little more than 10 years later, it is clear just how appro-
priate that choice of subject matter was. After welcoming seemingly all of the commu-
nications technology developed and deployed in the consumer world, the automotive
industry is now using it to create the car of the future.

Each automobile has evolved into its own network. Slowly but steadily, every car

microsec) power handling capabimy

also is becoming part of an ad-hoc network with the cars around it. In addition, it will Built-in DC Block @ input and output
Hermetically Sealed Module

eventually become part of a regional network, which will allow it to communicate and
receive information from different points of the city in which it is traveling.
Part of this evolution is being driven by the meeting of “smart cars” with “smart cit-

T
MAXIMUM MAX LEAKAGE

ies” As global efforts focus on conserving energy and functioning more efficiently, there MODEL IsERTION | @ JIICW @16 wew
LOSS (d8) dBo) ()
has been significant interest in applications like “smart parking,” which will inform vehi- !
. . z 0 LS00110 P10A
cles of available parking spots. Taken a step further, a smart city could advise any smart LS00120 P10A

% < £800130 P10A - X +18
cars on their routes to improve traffic flow.

Meanwhile, vehicle-to-vehicle networking is being tested as a means of improv-

ing automotive safety. Vehicle-to-vehicle safety technology was the focus of a keynote LSuzz0Pi
address by the Honorable Norman Y. Mineta—former US Secretary of Transportation H

and Board of Director for Lilee Systems—at last month's first-annual ACM/ISS/IFAC/ {ppresienm
TRB International Conference on Connected Vehicles (ICCVE 2012) in Beijing, China. B
According to Mineta, vehicle-to-vehicle safety technology can help drivers avoid or {50 p1on

reduce the severity of four out of five unimpaired vehicle crashes.

To bring some of these safety and efficiency applications to the actual market, Cisco
and NXP Semiconductors have invested in Cohda Wireless (www.cohdawireless.com).
Cohda’s technology vows to enhance wireless communications to quality levels beyond
commercial-off-the-shelf TEEE 802.11p transceivers, allowing cars to more effectively
“see” through obstacles or around corners.

In many ways, the car can be considered a “last frontier” of sorts. What was previously
unconnected is now being connected. Through smarter vehicles, people will experi-
ence the “Internet of Things.” Drivers will know where a parking spot awaits them, be
informed of approaching traffic jams and directed to avoid them, know that a car some-
where in front of them has lost control, and more. Somewhat frighteningly, automatic
controls—such as braking—will probably be implemented at some point. It seems that
an old-fashioned car—one that just drives and lets us listen to music—is going the way of
the dinosaur. Remember when a cell phone simply allowed a user to make and receive
phone calls? Get ready for the self-driving car; it is in our future. MWRF

% X ook
g Editor-In-Chief

Microwaves&RF | visit www.mwrf.com






POWER
SPLITTERS/
COMBINERS

noW 2kHz 1018 GHz 1,0 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, surface-mount, and rack-mount housings for 50 and 75 Q systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners offer
outstanding performance for insertion loss, isolation, and VSWR.
Decades of experience with multiple technologies make it all possible, from
core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.
Get easy-to-find, detailed data and performance curves, S-parameters,
outline drawings, PCB layouts, and everything else you need to make a decision
quickly, at minicircuits.com. Just enter your requirements, and our patented search
engine, Yoni2, searches actual test data to find the models that meet your needs.

All Mini-Circuits catalog models are in stock,
continuously replenished, and backed by our 1-year guarantee. We even list
current stock quantities and real-time availability, as well as pricing, to
help our customers plan ahead and make quick decisions.

So why wait? Take a look at minicircuits.com today!

O RoHS Compliant
Product availability is listed on our website.

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

L ] - L] 3 ®
[ Mini-Circuits
ISO 9001 SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

h E finds the model you need, Instantly « For detailed perf cs & shopping online see minici%\!@iggm
IF/RF MICROWAVE COMPO!
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PORTABLE TESTERS
I have long read your maga-
zine each month for the latest
news about products for RF
and microwave engineers. If
anything, I would like to see
fewer articles in your maga-
zine on some of the theoretical
topics of coverage, and more
articles devoted to new prod-
uct reviews, which have more
practical use to working engi-
neers than those articles that
delve into theoretical topics.

I would ask your help with
a current problem and for per-
haps some future guidance.
In the past, it was sufficient
to provide our customers
with RF/microwave systems
accompanied by complete
electronic test reports, based
on test results generated by

our in-house test systems.

But in recent years, many
more of our customers are
requesting that we perform
measurements on our hard-
ware once it has been installed
in their systems. This requires
that we execute on-site mea-
surements at RF and micro-
wave frequencies.

Iam aware of some of the
new portable testers being
sold by leading test and mea-
surement companies. But can
these testers provide the type
of accuracy and functionality
that one might expect from
a “standard” benchtop RF/
microwave test system? And
what about for pulsed char-
acterization, such as might be
needed for components being
installed in a radar system? I

appreciate whatever guidance
the magazine can provide on
the accuracy and capabilities
of portable testers.
DR. ALAN DARCON
DANBURY, CT

EDITOR'S NOTE

First of all, thank you for read-
ing. We have been seeing an
increase in portable testers

for this industry, when just

10 years ago most engineers
would have been unwill-

ing to risk their professional
reputations (or livelihoods) on
measurements made with a

Feedback

portable RF/microwave
testinstrument.

These days, however,
portable RF/microwave signal
sources, analyzers, and all-in-
one combination testers have
gained credibility—not only
with the working engineers in
this field, but with the agen-
cies that must certify their use.

To help your situation,
check the pages of this maga-
zine for a future special report
on portable testers and how
they compare in terms of ca-
pability and accuracy to their
benchtop counterparts.

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

Microwaves&RF | visit www.mwri.com

Hybrids, to 40 GHz
90° & 180°

Power Dividers, DC-60 GHz
2-32 Way

Bias Tees, to 85 GHz
50 KHz 10 85 GHz

Switches, to 18 GHz

Directional Couplers
Single and Dual, to 60 GHz
High Power, to 2500 watts

Attenuators, to 18 GHz
Digital, Analog, Linearized
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CHARGING MATS
WIRELESSLY

Power Military |
Devices

THE RACE FOR WIRELESS-CHARGING SOLUTIONS HAS BEGUN. Although such solu-
tions are desired by consumers for their convenience, the military segment is where they
will have the most profound effects. According to the US Army Research Laboratory (ARL),
a soldier’s load can weigh 100 Ibs.—over a third of which is batteries. Alta Devices (www.
altadevices.com) claims that its highly flexible technology can reduce
that battery weight by 70%, shaving approximately 25 Ibs. (Fig. 1).
The company just unveiled reference designs for its
military charging mats (Fig. 2). The 10-W charging mat,
which weighs 4.1 0z., measures 10x 11 in. when itis un-
folded and 10 x 5.5 in. when it is closed. The 20-W mat
measures 10 x 23 in. when open and 8 x 10 in. when closed. It
weighs 10 oz. and generates up to 120 W-hrs. (Wh) energy per day.

The 10-W mat can produce as much as 60 Wh/day in strong solar
climates. According to Alta Devices, a typical dismounted soldier
1. Based on solar cells, can be fully self-powered from a 20- to 30-W mat.

a series of flexible Each design includes specifications on size, weight, and power
charging mats promises generated in various conditions. The designs are compliant to MIL-
to make wireless 810-G specifications for temperature, humidity, shock, and other

charging possible for environmental stresses. The mats can be married to any type of
many applications. battery-charging connector.

Given the myriad opportunities for wireless charging, this tech-
nology also will be introduced in unmanned systems, consumer
electronics, automobiles, and a variety of industrial, remote-
power applications. To give several examples, Alta’s mobile
power technology can be used by the following: manufacturers
of unmanned aerial vehicles (UAVs) to increase flight times; in-
dustrial suppliers in the mining and exploration markets to pro-
vide remote power; and consumer-electronics makers to minimize
the need to recharge. The automotive industry also will take advan-
tage of wireless charging to provide supplemental power or in-
crease range in vehicles of all types.

2. For soldiers on
the ground, wireless
charging mats can
greatly reduce the
weight of their packs
by an estimated 70%.
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Infrastructure Adaption Enables UAS Tracking

ITH THE NUMBER OF UNMANNED AERIAL SYSTEMS

(UASs) in US airspace set to drastically rise by 2015, many

are concerned about possible collisions. It appears that
a solution to track those UASs may be attainable, thanks to work
done by the US Air Force and Raytheon Co. (www.raytheon.com).
In concept evaluation demonstrations, they were able to show that
existing air-traffic-control equipment could be modified to safely
track the presence of nearby unmanned aircraft.

Rather than invest in new infrastructure, it is possible to leverage
Ground Based Sense and Avoid (GBSAA) equipment—based
on the Airport Surveillance Radar Model-11 (ASR-11)—and the
repurposed  Standard Terminal Automation Replacement
System (STARS) air-traffic-control system. ASR-11, the
STARS system, and its surveillance data pro-
cessor are proven, NAS-certified systems
for safely separating aircraft.

The testing, which was performed near Using Raytheon’s ASR-11, the

Edwards Air Force Base at Gray Butte Airfield STARS automation system, and

in California, involved a moving “dynamic protection zone” (a its surveillance data processor
collision-avoidance alerting capability) around the UAS. To avoid (repurposed for GBSAA), pilots
near-mid-air collisions, that zone provides a series of alerts to the and controllers were given alerts
UAS pilot as airborne objects (i.e., balloons or ultra-light vehicles) of intruding airborne objects near
approach the protection zone. GBSAA also builds on risk-mitiga- surrogate UASs and were able to
tion technology used to mitigate interference from wind turbines keep them safely separated.

near airports. Leveraging the existing NAS-certified installed base
of ASR-11 and STARS systems, Raytheon will continue testing GB-
SAA with the US Air Force at other sites across the country.

14-nm Test Chip
Eyes FinFET Process

O SUPPORT THE CONTINUOUS MOVE to high-density,

high-performance, and ultra-low-power systems-on-a-

chip (SoCs) for future mobile devices, Samsung (www.
samsung.com) is preparing its 14-nm FinFET process. Last
month, ARM (www.arm.com) and Cadence Design Systems,
Inc. (www.cadence.com) announced the tape-out of the first
14-nm test-chip implementation of the ARM Cortex-A7 pro-
cessor. In addition to that processor, the test chip includes
ARM Artisan standard-cell libraries, next-generation memo-
ries, and general-purpose input/output connections (I/0s).

Designed with a complete Cadence register-transfer-level

(RTL) -to-signoff flow, the chip is the first to target Sam-
sung’s 14-nm FinFET process. The test chip was designed \
using Cadence’s Encounter RTL Compiler, Encounter \\ i
Test, Encounter Digital Implementation System, Cadence %
QRC Extraction, Encounter Timing System, and Encounter
Power System. The achievement of the test chip is part of a
systematic program to enable ARM-technology-based SoCs
on FinFET technology.

Microwaves&RF | visit www.mwrf.com o4



News

STANDARDS WATCH |

Golden Umts Are Certlﬂed For ZlgBee 201 2

HE ZIGBEE STANDARD (www.zigbee.
org) has been instrumental in the design
oflow-power wireless control for devices
ranging from smart meters and thermostats
to remote controls and televisions. The next
phase of the standard is now within reach,

as National Technical Systems, Inc. (www.
nts.com) has successfully completed testing
ofall of the “Golden Units” for the enhanced
ZigBee 2012 specification. ZigBee 2012 in-
cludes additional security and integration
of the latest errata into the specification.

Powerful Multipath/Link
Emulator

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation

Mobile Comm’s

Test solutions for ....
WIN-T
MUOS
JTRS
IRIS

RF Test Equipment for Wireless Communications
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- mobile user objective sy

s on the_meve testmﬁ

- warfare information networks, tactical

'stem

Joint Tactical Radio System

- Intefniet routing in space

dEBmCorp, Inc

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

www.dbmcorp.com

The Golden Units are ideal examples
of this ZigBee specification. They serve
as the devices by which all future ZigBee-
compliant platforms will be compared for
interoperability and conformance. NTS
participated in the earliest stages of the in-
teroperability testing efforts and ultimately
performed all testing and verification for
the new Golden Units. The lab, which was
the only one chosen to perform specifica-
tion R20 testing, completed testing on
products from Atmel, Freescale, Silicon
Labs, and Texas Instruments.

COMPUTER SIMULATION TECHNOLOGY
(CST)—Has announced the 2012 winners
of the CST University Publication Award,
an annual grant to university institutes and
researchers for work related to three-dimen-
sional (3D) electromagnetic-field simulation
applications: “Beamforming by Left-Handed
Extraordinary Transmission Metamaterial
Bi- and Plano-Concave Lens at Millimeter-
Waves” by Miguel Navarro-Cia, Miguel
Beruete, Igor Campillo, and Mario Sorolla
Ayza; "Effects of Shape and Loading of Opti-
cal Nanoantennas on their Sensitivity and
Radiation Properties” by Yang Zhao, Nader
Engheta, and Andrea Alu; and “Design of
a Broadband All-Textile Slotted PIFA” by
Ping Jack Soh, Guy A.E. Vandenbosch, Soo
Liam Ooi, and Nurul Husna Mohd Rais. The
short paper winners were: “Micromachined
300-GHz SU-8-Based Slotted Waveguide
Antenna” by Yi Wang, Maolong Ke, Michael
J. Lancaster, and Jian Chen and “Ultracon-
fined Interlaced Plasmons” by Tiago A. Mor-
gado, Jodo S. Marcos, Mério G. Silveirinha,
and Stanislav |. Maslovski.
STMICROELECTRONICS —Has been awarded
the 2012 Corporate Award by the IEEE Stan-
dards Association (IEEE-SA). The award rec-
ognizes contributions to the development
and advancement of standards in electrical
and electronics engineering.

XILINX — Has been named 2012 Excellent
Core Partner by Huawei. The award was
announced at Huawei's Annual 2012 Core
Partner Convention in Shenzhen, China.
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News

CRANE AEROSPACE & ELECTRONICS—GREG
GoMEez-CORNEJo has been appointed Vice
President of Operations. Gomez-Cornejo
previously held the position of Operations
Executive for Hamilton Sundstrand, fol-
lowing earlier roles at Honeywell. Also,
Topp WITCHALL has been appointed Vice

President of Finance and Chief Financial
Officer of the
company’s
Electronics
Group. Witch-

all comes to

CORNEJO : WITCHALL

Crane Aero-
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space & Electronics from Lockheed
Martin where, in his most recent role,
he served as Senior Business Operations
Manager.

SEMICONDUCTOR INDUSTRY ASSOCIATION
(S1A)=The board of direc-
tors has elected AjiIT MANO-
cHA, Chief Executive Officer
for GlobalFoundries, as its
2013 chairman. In addi-
tion, DR. JoHN E. KeLLY III,
IBM Senior Vice President and Direc-
tor of IBM Research, was elected 2013
Vice Chairman.

€Tl TOWERS—Has appointed Jim EISEN-
STEIN to its board of directors. Eisenstein
currently serves as Chairman and Chief
Executive Officer for Grupo TorreSur, a
Latin America-focused wireless tower
company that he formed in 2010.
MERCURY SYSTEMS—DR. PAUL MONTIC-
c1oLo has been appointed
Chief Technology Officer.
Monticciolo most recently
served as President and
General Manager of the
company’s former Mercury
Federal Systems division.
OPTELIAN—~Has named DR. JOHN YAM
Asia-Pacific Regional Business Devel-
opment Manager. For more than 25
years, Yam has worked with telecom-
munications and information-technol-
ogy (IT) networking companies, among
them ECI Telecom, Intel, and PCCW/
Hutchison CA.

ELECTRONIC COMPONENTS INDUSTRY ASSO-
CIATION (ECIA)—JOoHN DENSLINGER has
been named President
and Chief Executive Of-
ficer. Denslinger is a 40-
year veteran of the elec-
tronic components indus-
try. Prior to retiring earlier
this year, he was President of SyChip, Mu-
rata’s wireless solutions business.
GLOBAL SEMICONDUCTOR ALLIANCE (GSA)—
Has appointed GEORGES PENALVER Re-
gional Leadership Director for Europe,
the Middle East, and Asia (EMEA).
Penalver currently serves as the Execu-
tive Vice President, Corporate Strategy
Officer for STMicroelectronics.

[

MONTICCIOLO
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CompanyNews

| CONTRACTS |

Agilent Technologies—ST-Ericsson has selected the
company’s RF wireless and digital laboratory solution

to characterize RF transceivers.

TeleCommunication Systems (TCS)—Has received a
delivery order from the US Army for Secret Internet
Protocol Router and Non-secure Internet Protocol
Router Access Point (SNAP) 1.2M Lite Very Small
Aperture Terminal (VSAT) satellite systems. The order,
which has a total value of $25 million (if all options

are exercised), also includes the IMPACT tactical
baseband equipment. In addition, TCS has received funding of
$2.8 million from the Army for X- and Ku-Band MICRO VSAT
satellite-communications equipment. This procurement is be-
ing funded through the Army’s $5-billion World-Wide Satellite

Systems (WWSS) contract vehicle.

RAYTHEON
Snares
Transatlantic
Defense Orders

MDA
Inks

AMOS-6
Satellite Deal

for launch in 2015.

Raytheon—Has been awarded $8.7 million by the US
Air Force to aid in the development of the protected,
tactical military-satellite-communication system. Ray-
theon will design and demonstrate affordable terminal
components as well as support waveform develop-
ment for the Air Force. In addition, Raytheon UK been
awarded a contract by the UK Ministry of Defence for
delivery of a new Global Positioning System (GPS)
anti-jam antenna system. The order is for an undis-
closed number of advanced systems to be deployed in
operational theatres spanning multiple vehicle platforms.
MDA—Has signed a contract in excess of CA$100 million with
Israel Aerospace Industries. MDA will supply the communica-
tions payload solution for the AMOS-6 satellite, which is slated

FRESH STARTS

dB Control—California State Senate Major-
ity Leader Ellen Corbett recently visited
the firm’s 52,100-sq.-ft facility in Fremont,
CA. In addition, the City of Fremont invited
dBC President Fred Ortiz and Director of
Manufacturing Gary Spaulding to two dif-
ferent strategic discussions about the state
of manufacturing in Silicon Valley, the local
innovation landscape, economic assets,
and other topics.

AT&T—Has announced its support for the
new Interoperability Compliance Program
(ICP) introduced by the Wireless Broad-
band Alliance (WBA). The ICP is intended
to create a common set of technical and
commercial frameworks for WiFi roaming.
In addition, AT&T recently announced
that its customers recycled 50,942 wireless
devices during a one-week period—a

new Guinness World Record.

Agilent Technologies—Has opened a new
calibration and repair service center for
electronic test instruments in Hanoi, Viet-
nam. The new Agilent Advantage Services
facility is one of more than 50 such service
locations worldwide.

Atmel—Has entered into a definitive
agreement to acquire Ozmo, a provider of
ultra-low-power WiFi solutions. Atmel ex-
pects the transaction to close by year end
and be accretive to its earnings in 2014.
Signove—Has successfully completed the
Continua Health Alliance certification for
its HM4A offering—an Application Host
Device (AHD) supporting two wireless
interfaces. This certification was performed

26

at AT4 wireless' laboratory in Spain.
Lockheed Martin—Has acquired the assets
of CDL Systems Ltd., a software engineering
firm that develops and licenses vehicle-con-
trol-station software for unmanned systems.
Terms of the agreement were not disclosed.
Heilind Electronics—Has acquired Inter-
state Connecting Components (ICC), a
New Jersey-based distributor of electronic
components for the military and aero-
space industries.

Digi-Key Corp.—Has signed a global distri-
bution agreement with Cicoil. The full line
of Cicoil products is currently available for
purchase on Digi-Key's global websites.
CTS—Has added Carpatec Complete
Component (CCC) Solutions to its global
sales network. CCC Solutions will represent
CTS in Sweden.

Rohde & Schwarz—Has relaunched its
website at www.rohde-schwarz.com. The
revamped site features the company’s full
portfolio of 4600 products along with an
optimized search function.

Anite and National Instruments—Have
extended their partnership to include re-
gional repair capability at key global loca-
tions. The two firms' present collaboration
is focused on providing calibration services.
RFMW-—Has relocated its headquarters

in San Jose, CA. The new facility features
expanded warehouse space and additional
office space for product management, sales/
marketing, operations, and logistics staff.
Anritsu—The company’s new PIM

Master MW82119A, a portable PIM

test analyzer, will be distributed in the

US through Talley, Inc.

RIGOL Technologies—Has been named a
Strategic Member of the LXI Consortium,
which includes a seat on the LXI board

of directors.

Cascade Microtech—Has launched
SELECTShip, a flat-rate program for
logistics services. This program is available
for products shipped to customers within
the contiguous US. It includes door-to-
door transport service, import duty, taxes,
customs clearance, and other fees.

HCC Interconnect Technologies—Has
launched its new website at www.
hccinterconnect.com. The site offers
improved navigation along with more
product and application information.
FreeWave Technologies—The encryption
technology within the company’s Spartan
series of wireless radios has been certified
by the National Institute of Standards and
Technology (NIST). The Spartan Series

is manufactured for government and
defense markets.

Tektronix—Has received accreditation from
the American Association for Laboratory
Accreditation (A2LA) for ISO 17025 calibra-
tion in Japan and China.

National Instruments—Is collaborating

with Cardiff University on a nonlinear RF-
network analysis and measurement system.
The new offering combines National Instru-
ments’ PXI RF instruments and LabVIEW
system design software with waveform
engineering tools from Mesuro.
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Harvey Kaylie,
PRESIDENT, miNnI-CIRCUITS

Interview by JACK BROWNE

Mini-Circuits Battles
Back Against Sandy

The massive storm ended many businesses in the New
York/New Jersey area—but motivated employees at one
RF/microwave company wouldn’t be deterred.

Hurricane (or “Superstorm”) Sandy was one of the most expen-
sive natural disasters to hit the United States in recent years,
responsible for damages exceeding $65 billion to the mainland.
Those in the New York/New Jersey metropolitan area were hit
particularly hard by the storm last October, with many homes
and businesses losing power and communications for more
than a full week. One of this industry’s leading component/test-
equipment suppliers, Mini-Circuits (www.minicircuits.com),
found itself particularly vulnerable to Sandy’s onslaught: The
firm’s main office is located right at sea level in Brooklyn, NY’s
historic Coney Island area.

As the waters rose from the storm, neighboring streets and
businesses were soon flooded. For its part, the staff of Mini-
Circuits was faced with the near-impossible task of trying to
carry on “business as usual” after being buried under three feet
of water. In the interview that follows, Mini-Circuits President
Harvey Kaylie explains how the company was able to success-
fully battle back against tremendous odds.

MRE: In walking around the building today, it’s easy to see
where the water came in, since all the drywall has been re-
moved from about four feet down to the floor. What was it
like walking in here after Sandy hit?

HK: The water was about three feet high, and everything that
was within three feet of the floor got wet: file cabinets, test

28

equipment, computers...even our network servers (Fig. 1).

We had to discard any work in progress that was below the
three-foot line. The room you are in now served as the com-
mand headquarters. We set up inspection so we could see what
suffered water damage and had to be discarded, and what had
survived the storm (Fig. 2). This was salt water, which can be
very corrosive and damaging.

Our people reacted quickly after the storm. That meant
getting all that water out of the building. Some people worked
through the night after the storm. What was really remarkable
was that two days after the storm hit, we made our shipments.
MRE: Your people are to be commended for their tremendous
efforts and for putting that time into restoring the company.
How did you manage the recovery?

HK: The work week was changed from Wednesday to Sun-
day, so that everyone worked here on the weekend in order to
recover from the effects of the storm. And we kept on making
progress. One big problem was getting gasoline. We also have
another facility in another location, but our vans and truck that
are used to transport people and goods between the two facili-
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1. Damage from

Sandy'’s three-
foot-high
floodwaters
required the
removal and
disposal of the
bottom half
of the drywall
throughout
Mini-Circuits’
Brooklyn, NY
facility.

ties also were damaged. And then we
needed to get gas, which was not
readily available here in the Brooklyn
area of New York City. We got gas
cans from Las Vegas, NV and then we
got the gas from Albany, NY. That was
how we were able to function.

When the hurricane first came, we
had our gas backup generator, but it
does not provide enough power for
the whole place—only enough for
some key equipment, like the main
computers. We were walking around
with flashlights because of the limited
power in the building. We even had a
fish swimming through the hallways
because of the massive amount of
water we had in the building.

Then we had some replacement equipment that was deliv-
ered here from Mexico and from Japan, and we had some repair
parts that we needed sent right away. We had to order new
equipment. We had people coming from California and from
Massachusetts to help us, to see what we had to do to keep our
business going. We had to order some transformers, which we
were able to get from our other facility. We relied on our disaster
recovery plan, which worked out very well, and we made a great
deal of progress.

We worked weekdays every night until 11 p.m. We had our
own people working hard and we also got outside people
helping us with repair work. That's why my office is all under
renovation. And when you come next time, you'll see that’s
why itlooks different. That's how we made progress—every
day a little more.

Our software people had to work hard to restore files. Because
some of our computers were damaged, along with their files,
we had to send some of our equipment to an outside specialist
to recover the files that we needed. In the end, we apologized to
our customers for any delays the storm might have caused, but

Microwaves&RF | visit www.mwrf.com

2. The effects from Sandy’s floodwaters included
damage to many of the RF/microwave vector network
analyzers used for high-frequency production testing.

then we shipped their orders to them earlier than they might
have requested, because we wanted to be clear to focus on
where we needed to rebuild the company.
MREF: Did your customers understand what you were going
through after the storm?
HK: I don’t know. I would imagine that each one had different
thoughts on what we were going through. We put a notice out
on our website. As part of our recovery efforts, we wanted to
make sure that communications were still flowing. We have call
centers—one in Missouri and the other in Deer Park, NY—and
we tried to shift phone calls to them, for which we were partially
successful. So we were able to keep the communications flow
going after the storm. Then, of course, our Internet and website
are very important, so we put a big
emphasis on making sure both
were operating properly.
Everyone pitched in, and that’s
what it takes to recover. It takes
a good plan with people who are
motivated. In reality, we helped
ourselves. From a manufacturing
standpoint, we have fully recov-
ered. We still are doing work on
the building, but that is done in
the evenings so we can keep the
business going during the day.
We have had to dry out the build-
ing, have it dehumidified, and
have it sprayed as part of a decon-
tamination process so that people
don’t get sick; we brought people
in from the outside to take care
of that. The bottom line is that
Sandy was a big bump in the
road for Mini-Circuits, but we are back now.
MRE: From the outside world, it looks like very little hap-
pened, since I think your customers have come to see Mini-
Circuits as a reliable source that won’t be slowed down even
by a hurricane. Some of your customers may not know the
hardship that the company has been through.
HK: I can tell you that right down the block from here, all the
stores are closed because of damage from the hurricane. They
were all flooded. We are right by the bay, and there is a narrow
strip of land, and then you have the Atlantic Ocean. So you have
the water from the Ocean and the Bay. There’s a bridge that
crosses the Bay that was destroyed. We see ships that were left
on dry land. There’s a major bank about four blocks from here
that s still closed because of the storm. ‘
MREF: Did you receive any official help from the government?
HK: No, we helped ourselves. We even had to get the contain-
ers for throwing out all the destroyed equipment and materials.
Everything was a tremendous effort and we had to improvise.
We are back in action—and we are now going strong, introduc-
ing new products. MWRF
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Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high

IP3 and IP2, ultra-wideband operation, and outstanding electrical performance. By combining our
advanced ceramic, core & wire, and semi-conductor technologies, we've created these evolutionary
patented broadband mixers that are specially designed to help improve overall dynamic range.

With a wide selection of models, you'll find a LAVI mixer optimized for your down converter and

up converter requirements. Visit the Mini-Circuits website at www.minicircuits.com for comprehensive
performance data, circuit layouts, and environmental specifications. Price & availability for on-line
ordering is provided for your convenience.

Check these LAVI Mixer outstanding features!

* Very wide band, 2 to 3100 MHz e Super high isolation, up to 52 dB
e Ultra high IP2 (+60 dBm) and IP3 (+36 dBm) ¢ High1dB compression, up to +23 dBm
e -73 dBc harmonic rejection 2LO-2RF, 2RF-LO e Extremely low conversion loss, from 6.3 dB

() RoHS compliant U.S. Patent Number 6,807,407
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D242 The Design Engineers

Constant Impedance

VA

1O0MHz to7GHz

s
fromJ ea. aty. 25

Voltage Variable Attenuators (V VAs)
deliver as high as 40 dB attenuation control over the
10 MHz through 7.0 GHz range. Offered in both 50
and 75 Q models these surface-mount and coaxial
low-cost VVAs require no external components
and maintain a good impedance match over the
entire frequency and attenuation range, typically
20 dB return loss at input and output ports. These
high performance units offer insertion loss as low as
1.5 dB, typical IP3 performance as high as
+56 dBm, and minimal phase variation low as 7°.

0 RoHs compliant

Mini-Circuits VVAs are enclosed in shielded
surface-mount cases as small as 0.3” x 0.3” x
0.1”. Coaxial models are available with unibody
case with SMA connectors. Applications include
automatic-level-control (ALC) circuits, gain and
power level control, and leveling in feedforward
amplifiers. Visit the Mini-Circuits website at www.
minicircuits.com for comprehensive performance
data, circuit layouts, environmental specifications
and real-time price and availability.
Mini-Circuits...we’re redefining what Value is all about!

[JMini-Circuits’

1SO 9001 1SO 14001 AS9100

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Engine finds the model you need, Instantly « For detailed perf

IF/RF MICROWAVE COMPON

& shopping online see minicil

449 rev G



R&DRoundup

HIS ANTENNA SYSTEM TUNES
From 1.07 To 2.75 GHz

%ﬁ T THE UK’S University of Sheffield, a
ég" cross bow-tie element has been creat-
| o ged with a single-layer, dual-band, tun-
able high-impedance-surface (HIS) ground-
plane. To realize this independently tunable,
low-profile antenna system in the ultra-high-
frequency (UHF) band, the researchers—
Hyung-Joo Lee, Kenneth Lee Ford, and Rich-
ard J. Langley—assembled it with a standard
coplanar-waveguide (CPW) -fed, printed-
circular-disc, wideband-monopole antenna.
By making the HIS groundplane tunable, the
engineers surmised that they could achieve a
wider effective bandwidth.

The groundplane and wideband antenna
were fabricated with 1SV245 varactor diodes
from Toshiba (www.toshiba.com). The
antenna system showed an effective tunable
bandwidth of roughly 0.9 to 2.8 GHz with
dual-band capability. By performing simula-

AZERO fE GESK Dornotlulator Cotsumes Just 190 (W,

§ ié@HEN USED in low-

. power transceivers
LB g with Gaussian-
frequency—shift—keying

(GFSK) modulation, zero
intermediate-frequency (IF)
architectures remain robust in
the face of quadrature imbal-
ances. They also allow for a
simple low-pass filter to reject
adjacent channels. Although a
low-power transceiver calls for
zero-IF GFSK demodulators,
such demodulators typically
require two power-hungry
analog-to-digital converters
(ADCs). At Spain's Institute of
Microelectronics of Seville, a
GFSK demodulation scheme
with phase rotation was pro-
posed by Jens Masuch and
Manuel Delgado-Restituto.
Rather than requiring resis-
tors, this approach combines
the weighted outputs of cur-
rent mirrors.

The demodulator is based

32

on a phase-domain ADC (Ph-
ADC). It directly quantizes
the phase information of the
received complex baseband
signal. In addition, the Ph-
ADC linearly combines the
in-phase/quadrature (I/Q)
aspects of the incoming
signal. To detect the zero
crossings and build a 4-b
digital representation of the
signal phase, the generated
phase-shifted versions are
fed to comparators.

The proposed solution
employs a resistor-less
scheme, which performs
phase rotations in the cur-
rent domain. In addition
to reducing the amplitude
error of the phase rotation,
the demodulator permits an
area-efficient implementa-
tion. With the Ph-ADC, the
integrated GFSK demodula-
tor houses a channel-filtering
programmable-gain amplifier

tions of the HIS groundplane, the research-
ers showed that either single- or dual-band
reconfigurable reflection-phase resonances
could be achieved between 0.95 and 2.45
GHz by controlling C1 (4.55 pF~0.6 pF) and
C2 (4.55 pF~0.6 pF) independently. (These
represent the two groups of varactor diodes
mounted on the surface elements of the HIS.)
According to simulations performed with
the wideband antenna 4 mm above the HIS
groundplane, an effective, tunable opera-
tional bandwidth from 1.07 to 2.75 GHz is
achievable with dual-band capability. The
proposed HIS groundplane features a unit
cell measuring 19.71 by 19.71 mm and 1.74
mm thick. See “Independently Tunable Low-
Profile Dual-Band High-Impedance Surface
Antenna System for Applications in UHF
Band,” IEEE Transactions On Antennas And
Propagahon Sept 2012, p. 4092.

(PGA) and a symbol deci-
sion block while occupying
just 0.14 mm?. The | and Q
signals are first filtered and
equalized with the two-stage
PGA over a dynamic range
of more than 50 dB. Because
the subsequent Ph-ADC only
evaluates phase information,
the PGA simply implements
coarse gain steps of 6 dB.
The demodulator con-
sumes 190 uW from a 1-V
supply. For a 1-Mb/s data
rate and 0.5 modulation
depth, it demands an Ez/Ng
of 14.8 dB for a bit-error rate
of 0.1% considering a flicker
noise corner of 150 kHz. It
boasts 74 dB dynamic range
and can tolerate carrier-
frequency offsets of £170
kHz. See “A 190-uW zero-IF
GFSK Demodulator with a
4-b Phase-Domain ADC,”
|IEEE Journal Of Solid-State
Circuits, Nov. 2012, p. 2796.

RFID Tag
Antenna Can
Read Beyond 9 m

N ULTRA-HIGH-
FREQUENCY (UHE),
passive RF-identi-
ﬁcaﬂon (RFID) tag typically
comprises an antenna and an
application-specific inte-
grated circuit (ASIC). Most
RFID tags must be attached
to small objects and differ-
ent surfaces, which limits the
tag antenna in both size and
gain. At Taiwan’s National
Kaohsiung University of Ap-
plied Sciences, a UHF RFID
tag antenna with dual-polar-
ization reading patterns on
safety-glass objects has been
proposed by Yi-Fang Lin,
Shu-An Yeh, Hua-Ming Chen,
and Sue-Wei Chang.

That UHF RFID tag anten-
na comprises a trapezoidal
loop and a dual-dipole radia-
tor with an L-slit for omnidi-
rectional polarized reading
patterns. The orthogonal
dual-dipole tag antenna with
an L-slit on each dipole arm
ensures a conjugate match to
the Monza 3 microchip im-
pedance of 44 - j231 Q at 915
MHz. Antenna resistance and
inductive reactance are easily
controlled with simple size
adjustments of the L-slit and
dipole radiator. A prototype
attached on a different glass
read beyond 9 m. It was test-
ed for an RFID reader with 4.0
W effective isotropic radiated
power (EIRP). See “Design of
an Omnidirectional Polarized
RFID Tag Antenna for Safety
Glass Applications,” I[EEE
Transactions On Antennas
And Propagation, Oct.

2012, p. 4530.
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Block High Level RF Interference ...
Protect Your Low Noise Receivers.

NEW!

Ultra Low Profile

LTCC Construction Hermetically Sealed
Outstanding Thermal Stability 3 YEAR GUARANTEE Nitrogen Filled
100% Tested

Highly Repeatable
Electrical Performance

Tiny Size
Exposed Terminals for 0.12x0.12 x 0.045” high

Easy Solder Inspection

30MHz108.2GH, Pus 2W  rom 1992, 00

Our ultra wideband CLM-83-2W+ limiter cuts The CLM has already qualified for tough MIL specs
overpowered inputs, as high as 2W, down to +11.5 dBm ] including gross and fine leak, acceleration, PIND,
in just 2 ns! Full throughput is restored 8 ns later, Ac};;{éize vibration, mechanical shock, and thermal shock,

with an IL of 0.5 dB typical. It adds up to excellent with an operating range from -55 to +100°C! For
protection against a wide range of spikes and power  more details, go to minicircuits.com—it’s even available
surges—even in the harshest environments, where on small-quantity reels! Order today, and you can get
unwanted signals prevail. And a tiny 3 x 3 x 1.14 mm  excellent protection for your sensitive applications in
footprint makes it easy to fit on crowded PCBs! your hands as soon as tomorrow! ) RoHS compliant.
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PAUL WHYTOCK, European Editor

In-Vehicle Wireless Charging Hits The Road...

Without Jack (Or Plug)

¥ ORLDWIDE CAR PRODUCTION reached approxi-
mately 80 million units in 2012. Because of
therelentless escalation of the vehicle
population, itisimportant for in-car induction
systems to be able to charge abroad range of
devices—regardless of brand, manufacturer,
or type of device. Thisis akey design consid-
eration for vehicular infrastructures, where
the diversity of user devices is high. To allow
drivers to charge their smartphones while driving,
an in-vehicle wireless charging system using
Qi and RF-identification (RFID) technology
has been designed into the Toyota Avalon.

In this use case, all the driver does is
place a Qi-protocol-enabled phone onto a
charging mat, which forms part of the ve-
hicle’s dash panel. This capability will be
available in Avalon models released later this year. Qi wireless
charging is currently available in 34 mobile-phone models. Here,
the backwards compatibility of the Qi standard is critical, as it will
ensure that the seamless charging experience is maintained as Qi
technology evolves.

In 2008, the Wireless Power Consortium (www.wireless
powerconsortium.com) signed an agreement for an open stan-
dard for wireless power. Called Qj, it is based on induction charg-
ing technology that involves transmitting energy via a magnetic
field. Specifically, devices that operate with the Qi standard rely
on magnetic induction between planar coils.

Two kinds of devices are involved: base stations, which pro-
vide inductive power, and mobile devices that consume induc-

tive power. The base station has a power transmitter comprising
a transmitting coil. In contrast, the mobile device has a power
receiver that contains a receiving coil. Close spacing of the two
coils—as well as shielding on their surfaces—ensures efficient
inductive power transfer. The use of appropriate shielding is im-
portant because it reduces the driver’s long-term exposure to the
electromagnetic field.

Qi power efficiency is typically claimed to be 70%. However,
efficiency can drop to 40%, depending on the distances involved
in the power transfer. In general, inductive charging has faced
challenges due to lack of efficiency and increased resistive heat-
ing. In comparison to direct-contact charging methods, it also is
more expensive in equipment terms. After all, it requires addi-
tional electronics and coils both in the device and charger.

Typically, these systems also are criticized because the de-
vice being charged has to stay positioned on the charging
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Toyota's Avalon will feature a wireless charging
system. Using Qi and RFID technology, it lets drivers
charge their smartphones while driving. All the driver
does is place his or her Qi-protocol-enabled phone
onto a charging mat built into the dash panel.

mat. When it comes to the in-
vehicle use of wireless charg-
ing, however, this limitation actually offers a benefit: Unlike
cable-connected recharging methods, it prevents drivers from
using the phone while driving.

UNLOCKING AVALON'S CHARGING SYSTEM

The Avalon’swireless-charging system relies on technology devel-
oped by Hong Kong-based ConvenientPower (www.convenient
power.com) and Philips & Lite-On Digital Solutions (PLDS; www.
pldsnet.com). ConvenientPower is a specialist in wireless power
charging and related intellectual property (IP). It co-designed Qi
and co-founded the Wireless Power Consortium, which now has
about 100 members including Samsung, Nokia, HTC, Motorola
Mobility, and Sony. For its part, Philips & Lite-On Digital Solu-
tions designs and develops optical-disc-drive products for auto-
motive applications. Its major research center is in Germany.

An important element in the continuing implementation of
induction charging is ensuring that systems can recognize differ-
ent products and how much charge they need. Israeli company
Powermat (www.powermat.com) uses RFID tags to identify what
is being placed in the charging position. The RFID tags are held
in a case made to fit around popular gadgets like iPods, laptops,
and mobile phones. When a gadget is positioned on a Powermat,
it reads the RFID tag to identify the device and ensure that it re-
ceives only the charge it requires.

Toyota is predicting sales of 70,000 for its Avalon vehicles in
2013. If that estimate is reached, the car will probably be a bigger
hit than the music single “Avalon” by Roxy Music.
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Introducing our new line of Phase Locked

Contact Factory For Your
Specific Requirement

FSA & FCTS - Phase Locked Series (
JTS Package '

Features

- Cost Effective
- Eliminates Noisy Multipliers
- Patent Pending Technology

Test & Measurement Equipment

High Frequency Network Clocking
Scanning & Radar Systems

High Performance Frequency Converters
Base Station Applications

Agile LO Frequency Synthesis
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« Square wave clock outputs

o Ethernet, GPIB & RS-232

DemoDirect
Free 30 day trial
Call (408)744-9040

s

ISRS Stanford Research Systems .



SpecialReport

JACK BROWNE | Technical Contributor

KEEPING PACE WITH
Microwave
Test Needs

MEASUREMENT TECHNOLOGIES
ARE BECOMING EASIER TO TRANSPORT
WHERE NEEDED, THANKS TO AN
INCREASE IN PORTABLE INSTRUMENTS
AND A GROWING ADOPTION OF
MODULAR CONFIGURATIONS.

1. Anritsu’s PIM Master [Photo courtesy
of Anritsu Co. (www.anritsu.com).]

ICROWAVE/RF MEASUREMENT CAPABILITIES must keep up with
the industry’s many technologies to be effective. Over the past de-
~ cade, the advances in communications technologies alone have been
. enough to challenge the most adroit test-and-measurement equip-
. ~ ment designers. With the wide range of wireless communications for-
~ " mats now available—from narrowband channels with complex digital
modulatlon to ultraw1deband (UWB) communications systems—developers of measure-
ment products have been seriously challenged to provide practical solutions. But as this
brieflook at recent trends in RF/microwave test equipment will show, many of those mea-
surement solutions provide uncommon combinations of performance and low price.

One trend is for an increase in on-site measurements, feeding a requirement for an
increasing number of portable RF/microwave instruments. Some of the major names in
high-frequency test solutions have responded to this market need in a big way: Agilent
Technologies (www.agilent.com) offers its portable FieldFox spectrum and vector net-
work analyzers (VNAs). Anritsu Co. (www.anritsu.com), having introduced its Site Master
portable RF/microwave testers almost one decade earlier, recently released its lines of
PIM Master analyzers (see Cover Story, p. 78) for on-site measurements of passive inter-
modulation (PIM) at cell sites and antenna towers.

The handheld FieldFox analyzer series from Agilent includes different models operat-
ing from 30 kHz to 4.0, 6.5, 9.0, 14.0, 18.0, and 26.5 GHz. They are available as portable
VNASs or spectrum analyzers, or as combinations of the two functions, and can also be
equipped with a cable and antenna analyzer. These portable instruments typically weigh
only 6.6 1bs (3.0 kg) and can provide as much as 3.5 hours of battery life on a charge.

The MW82119A family of PIM Master portable instruments from Anritsu Co. use a 8.4-
in. touchscreen display as their control center, with models for different communications
bands; among these are Long Term Evolution (LTE) cellular and the Personal Commu-
nications Services (PCS) bands. These battery-powered analyzers weigh less than 27 Ibs.
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MESASURING TEST NEEDS

2. These modules create a modulated frequency synthesizer.

[Photo courtesy of Agilent Technologies (www.agilent.com).]

and measure only 13.8 x 12.4x 6.0 in. (350
x 314 x 152 mm) and will operate for more
than 2.5 hours on a battery charge (Fig. 1).

While these are two of the better-
known names in RF/microwave test, they
are not the only ones with portable, hand-
held RE/microwave instruments: A num-
ber of additional firms, including Aero-
flex (www.aeroflex.com) and Rohde &
Schwarz (www.rohde-schwarz.com), offer
portable spectrum analyzers and vector
network analyzers. The 9100 series of por-
table spectrum analyzers from Aeroflex
includes models from 10 kHz through 7.5
GHz. The model 9103, for example, spans
100 kHz to 7.5 GHz with 1-kHz resolution
bandwidth and ~117 dBm displayed aver-
age noise level (DANL). The 9100 series
analyzers are designed to be brought to
test sites, with a small size of 14.0x7.5x4.1
in. (355 x 190 x 104 mm) and weight of only
8 1bs (3.6 kg) with battery.

The R&S® ZVH line of cable and an-
tenna analyzers from Rohde & Schwarz
(www.rohde-schwarz.com) has long
been a fixture in the cable-television and
communications industries for repair
and maintenance. With models available
from 100 kHz to 3.6 GHz and 100 kHz to 8
GHz, this analyzer has especially been de-
signed for use in the field. It is capable of
distance-to-fault measurements and one-
port cable loss measurements to simplify
troubleshooting in the field.

Kaelus (www.kaelus.com; the for-
mer Summitek Instruments), has long
provided portable measurement solu-
tions for on-site PIM testing, in the form
of its iMT series portable IMD analyzers.
Several models are available for differ-
ent transmit frequencies, including the
850-MHz band. The testers use two 20-W

(+43-dBm) tones at dif-
ferent frequencies to test
for PIM.

Another
portable instrument is
the DeviScope 200SA
spectrum analyzer from
Deviser Technology Ltd.
(www.deviser.com). The
analyzer, which runs for
more than two hours on
a battery charge, spans 1 MHz to 18 GHz
but weighs less than 7 kg and measures
only 313 x 211 x 87 mm.

Models H600 and SA2600 from Tek-
tronix (www.tek.com) are also portable
spectrum analyzers, both with 20-MHz
capture bandwidth from 10 kHz to 6.2
GHz, with spurious-free dynamic range
(SFDR) approaching 70 dB. They are
built according to MIL-PRF-28800F and
are ideal for spectrum monitoring and
surveillance.

In addition to making measurement
functions smaller, many instrument man-
ufacturers are making their products in
modular form, simplifying the integration
of multiple functions into a rack or even
into a single chassis. Agilent showed a PXI
vector analyzer (Fig. 2) atlastyear’s Inter-
national Microwave Symposium (IMS) in
Montreal, Canada based on PXI Express
(PXIe). Tt provides four channels from
10 MHz to 26.5 GHz and instantaneous
bandwidths as wide as 1.5 GHz (see the
August 2012 issue, p. 102).

National Instruments (www.ni.com),
aleader in making modular instruments,
has added to its legacy with additional
PXI function modules, controllers, and
chassis. The firm even provides an on-
line advisor for those seeking to build a
modular PXI measurement system.

Finally, in some instances, measure-
ment advances are made by means of
enhancements to test methods and cali-
bration techniques rather than to the
equipment itself. For example, ATE Sys-
tems (www.atesystems.com) has devel-
oped unique methodologies for improv-
ing the accuracy of VNA measurements,
allowing a VNA system to be calibrated at
any time without user intervention. MW

compact
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High Linearity

S749
NF as low as 0.5 dB - IP3 up to 43dBm - DC current 20 mA and up from  ea.(q, 20)

Pick your parameters, and meet your needs at Mini-Circuits! ~ Our catalog models are in stock and ready to ship, so why
With over 20 low noise/high linearity amplifier models to  wait? Go to minicircuits.com for all the details, from data sheets,
choose from, you'll likely find the output power, gain, DC  performance curves, and S-parameters to material declarations,
current, and broad bandwidths required to upgrade almost any  technical notes, and small-quantity reels—as few as 20 pieces,
3-to-8V circuit—from cellular, ISM, and PMR to wireless LANs,  with full leaders and trailers. Place an order today, and see what
military communications, instrumentation, satellite links, and  these tiny, high-performance amplifiers can do for your

P2P—and all at prices that preserve your bottom line! application, as soon as tomorrow! ¢ RoHS compliant
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RF Essentials

JACK BROWNE | Technical Contributor

Generating Realisfic

Signals For

Testing

~ EST SIGNALS MUST be accurate,

and they must also be stable. Mod-

ern communications systems employ

advanced digital modulation formats,

and test signal generators must be capable

of duplicating the carriers and modulation
used in those systems.

In addition, with communications systems
based on multiple-input, multiple-output
(MIMO) antenna schemes, and with a grow-
ing need for creating multitone test signals
for checking the linearity of active and pas-
sive components and systems, test signal
sources must now be available in many
forms—from traditional rack-mount units
to smaller broadband sources.

Modern communications systems at-
tempt to transmit and receive increasing
amounts of information through the use of
digital modulation schemes, such as am-
plitude-shift-keying (ASK), frequency-shift
keying (FSK), phase-shift keying (PSK), and
quadrature amplitude modulation (QAM).
The latter can be generated with atleast two
signal components that are out of phase—
such as in-phase (I) and quadrature (Q)
components—with digital bits
transmitted by different relative
states or symbols formed by the
signal components.

To characterize the many active
and passive components in the
receiving and transmitting portions
of these modern communications
systems, test-equipment manu-

Signal generators for RF/microwave testing are
changing in mechanical formats, with a growing

number of test sources available in compact
housings suitable for on-sife festing.

plitude range, and modulation schemes. In
terms of test signal generators, output signals
are also expected to be extremely accurate
and stable, maintaining that accuracy over
the operating lifetime of the signal source.

Traditionally, RF/microwave test sig-
nal generators have been housed in large
enclosures which sat on a benchtop or
were mounted in a 19-in. rack with other
instruments. Such signal generators are still
a large part of many test installations, and
still available from some of the more trusted
names in RF/microwave test. Among these
are Agilent Technologies (www.agilent.com),
Anritsu Co. (www.anritsu.com), Giga-tronics
(www.gigatronics.com), Rohde & Schwarz
(www.rohde-schwarz.com), and Tektronix
(www.tek.com).

For example, the E8267D PSG signal
generator from Agilent Technologies (Fig.
1) is available with a frequency range of
250 kHz to 44 GHz that can be tuned or
swept with 0.001 Hz resolution. It can be
set to minimum output power of —-130 dBm,
with output levels as high as +23 dBm to 20
GHz and +18 dBm to 40 GHz. It provides

facturers mustrecreate thetypes 1. This signal generator is an example of the traditional
of digitally modulated signals benchtop housing. This unit operates from 250 kHz to
used in the systems, in terms of 44 GHz with a host of modulation capabilities. [Photo

the bandwidth of interest, am- courtesy of Agilent Technologies (www.agilent.com).]
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all the major digital modulation formats
with a modulation bandwidth of 160 MHz.
Harmoniclevels are typically -55 dBc from
2t020 GHz and —45 dBc from 20 to 40 GHz.
Spurious content is as low as —80 dBc, and
single-sideband (SSB) phase noise is typi-
cally better than —100 dBc/Hz offset 20 kHz
from carriers through 44 GHz, and specified
at —124 dBc/Hz through 2 GHz.
Abandoning tradition, test laboratories
and production test departments recently
have sought more measurement functionality
from a given space in a test rack. As a result,
the popularity of smaller, modular test instru-
ments communicating by means of LXI, PXI,
VME, VXI, and USB interfaces has grown. By
designing test equipment into modular hous-
ings that use one of these interface standards

2. This compact module is representative

of RF/microwave instrument functions

in PXI form. It is one of a series of units
capable of generating signals to 6.6 GHz.
[Photo courtesy of National Instruments
(www.ni.com).]
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GENERATING SIGNALS

to communicate, test instrument suppliers
can pack multiple functions into a space once
occupied by a single function.

The modular approach makes it pos-
sible, for example, to assemble arack of test
equipmentwith multiple signal generators to
generate two-tone or multitone test signals

useful for linearity testing of components.
These modular collections of instruments are
typically controlled by an additional personal
computer (PC) under the command of a
dedicated measurement program.

One such series of modular signal generators
is the NI 565x series from National Instruments

B muse,
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3. The model APSIN20G signal generator
can be controlled by numerous interfaces

and provides clean outputs from 9 kHz to
20 GHz. [Photo courtesy of AnaPico (www.
anapico.com).]

(www.ni.com), which is based on the PXI
format. Several of these test signal modules
(Fig. 2) can be slid into a PXI chassis with a
control module to create. Signal generator
modules are available through 6.6 GHz. By
adding frequency upconversion modules,
such as the firm’s model NI 5610 module,
the frequency range can be extended fur-
ther. The company also offers PXI arbitrary-
waveform-generation (AWG) modules for
creating complex modulation formats, as well
as a single vector-signal-generator module
(model PXIe-5673E) based on the high-speed
PXI-Express (PXIe) interface.

In addition to the transformation from
benchtop instruments to modules, mod-
ern RF/microwave signal generators are
available increasingly as portable and even
battery-powered units designed for use in
the laboratory as well as for on-site testing.
Some of these test signal sources are be-
ing developed by firms once thought of as
“components suppliers.”

For example, Hittite Microwave Corp.
(www.hittite.com) has developed the por-
table model HMC-T2270 synthesized signal
generator with arange of 10 MHz to 70 GHz-
impressive considering it fits in a housing
measuring only 12 x 8 x 3 in. (305 x 203 x
76.2 mm) and weighing only 8.25 Ibs (3.7
kg). The portable source delivers +29 dBm
output power at 1 GHz and +3 dBm output
power at 70 GHz. In spite of the small size,
it features laboratory-grade performance,
with SSB phase noise of -118 dBc/Hz offset
10 kHz from a 1-GHz carrier and —79 dBc/
Hz offset 100 kHz from a 67-GHz carrier.

The model SSG-4000HP synthesized
signal generator from Mini-Circuits (www.
minicircuits.com) lacks the carryinghandle,
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GENERATING SIGNALS

but is similarly compact and provides out-
put signals from 250 to 4000 MHz with a
70-dB dynamic range of 50 to +20 dBm. It
is powered by an external +24-VDC supply
and uses a USB interface.

Two companies offering small-signal
generators that are not components sup-

pliers—AnaPico AG (www.anapico.com)
and Vaunix (www.vaunix.com)—boast
small sources that are suitable for creating
multitone sources for such applications as
MIMO testing and linearity measurements.
The model APSIN20G from AnaPico, for ex-
ample, is a broadband unit measuring just

ProtoMat® Benchtop PCB Prototyping Machine

What would your day look like tomorrow if you could
cut yourself free from the board house and produce
true, industrial quality microwave circuits on any
substrate right at your desk? LPKF's ProtoMat
benchtop prototyping systems are helping thousands
of microwave engineers around the world take their
development time from days and weeks to minutes
and hours. In today’s race to market, it’s like having

a time machine.

www.lpkfusa.com/pcb
1-800-345-LPKF

“You can’t beat an LPKF system
for prototyping. We do up to
three iterations of a design
within a day.”

Leonard Weber
Agilent

EPIE

Laser & Electronics
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172 x 220 x 106 mm but capable of outputs
from 9 kHz to 20 GHz (Fig. 3).

Vaunixis one of the few signal generator
supplies that offers sources that can be not
only controlled by a USB connection, but
powered by it as well. Measuring just 4.90 x
3.14x1.59in. (124 x80x 40 mm) and weighing
lessthan 11b. (0.45 kg), the firm’s Lab Brick
LSG and LMS lines of signal generators can
also operate by means of a battery or external
power supply for non-USB applications. The
LSG series includes models in bands from
20 MHz to 6 GHz while the LMS series is
comprised of a number of units in bands
from 0.5 to 20.0 GHz.

These higher-frequency Lab Brick sources,
while lacking digital modulation capabilities,
can be supplied with optional pulse modu-
lation for radar testing. They offer excellent
electrical performance in spite of low power
consumption. A model LMS-402D, which
operates from 1 to 4 GHz, has phase noise
of -98 dBc/Hz offset 10 kHz from any car-
rier, while a model LMS-203, with output
signals from 10 to 20 GHz, has phase noise
of -75 dBc/Hz offset 10 kHz from any carrier.

A relative signal-generator newcomer,
Pronghorn Solutions (www.pronghorn-
solutions.com), has developed a compact,
low-power source suitable for using in groups
to generate multitone test signals. The firm's
model PHS-3000 operates from 150 MHz to
9 GHz in a housing measuring just 3.5 x5.5
x 1.25 in. and weighing less than 2.5 Ibs. It
can be powered by means of 110 VAC using
an external power supply and can also run
4 hours on its internal battery.

These “pocket-sized” signal generators
provide clean, basic output signals that can be
readily combined through an N-way power
divider, with each signal generator tuned
to the desired offset to create a wide range
of multiple-tone signals. While generating
such signals with traditional benchtop/
rack-mount signal generators would be cost-
prohibitive, these smaller signal generators
can often accommodate such multitone test-
ing at the cost of one or two traditional test
signal sources. MWRF
Editor’s Note: To read an expanded version
of this article, go to http://mwrf.com/test-
amp-measurement-analyzers/generating-
realistic-signals-testing.
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Components Aid Broadband

Testing

Broadband active and passive components
can perform invaluable signakprocessing and

translation functions, both in manual and automatic
RF/microwave measurement systems.

- CCURATE MICROWAVE MEA-

. SUREMENTS require the right

- test equipment, but often more

* than that. Sometimes, additions

are needed for optimum performance
and/or functionality from
the test setup. These ad-
ditions often come in the
form of power dividers/
combiners, switches, fil- i
ters, amplifiers, and other ¢
broadband components
that can in some way help

compliant surface-mount package, this
power divider can be used to construct a
broadband test fixture for use with high-
frequency analyzers.

For very broadband test applications,
model ZFRSC-183+ is a two-
way power splitter/combin-
er from Mini-Circuits (www.
minicircuits.com) that sup-
ports use from DC to 18
GHz. It is coaxial, with SMA
connectors, and achieves
low typical insertion loss

to make the measure- Thisis an example of a of 0.7 dB above the 6-dB
ments easier. broadband two-way power power division.
The definition for divider suitable for split- Directional  couplers,

“broadband,” as in broad-
band components, has
somewhat flexible mean-
ing depending upon the
application of interest. In
most cases, broadband will
mean a frequency range
that exceeds the frequency
span of the application to be tested. Many
of the suppliers mentioned in this article
offer numerous kinds of high-frequency
components with wide frequency ranges.
In most cases, custom versions of compo-
nents are available.

Power dividers are among the more
useful broadband components in a test
laboratory, and available in many package
forms. For example, model P2D180900L
is a two-way power divider from Synergy
Microwave Corp. (www.synergymwave.
com) that spans 1800 to 9000 MHz with
less than 1.2 dB insertion loss through
8 GHz. Supplied in a compact RoHS-
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ting signals in test setups.
It spans 0.5 to 6.0 GHz
and can handle as much as
250 W CW input power.
[Photo courtesy of Narda
Microwave East (www.
nardamicrowave.com).]

which allow tapping a small
portion of a signal path for
test purposes, are invaluable
to assist with RF/microwave
tests. They are available
with extremely broad band-
widths from a number of
different suppliers and with
several different connector choices.

Krytar (www.krytar.com), to give one
example, offers coaxial directional cou-
plers in various frequency bands to 18
GHz, including the 16-dB model 1850 di-
rectional coupler with frequency range
spanning 500 MHz to 18.5 GHz. It exhib-
its less than 1.1-dB insertion loss across
its broad bandwidth and it can handle
as much as 20 W average input power
and as much as 3 kW input power for very
short peaks. Standard connectors are SMA
female, although Type-N female connec-
tors are available as an option.

Anatech Electronics (www.anatech-

electronics.com), which also makes direc-
tional couplers, may be better known for
its RF/microwave filters, which allow the
removal of unwanted interference and the
isolation of desired signals in a test setup.
The firm offers a number of different filter
technologies featuring, for example, band-
pass filters from 300 kHz to 20 GHz with
2 to 15 sections—as well as bandwidths
from 1 to 100%—to serve a wide range of
test-and-measurement filtering needs.
The firm also offers an array of connectors
with its filters, including SMA, Type-N,
and BNC connector types.

MITEQ (www.miteq.com) provides
many broadband components suitable
for test-and-measurement applications,
including directional couplers, mixers,
phase shifters, terminations, and both sol-
id-state and traveling-wave-tube (TWT)
amplifiers for boosting test signal levels.
As an example, model AMF-3F-26004000-
33-8P is one of the firm’s coaxial low-noise
amplifiers (LNAs) with over 18-dB gain
from 26 to 40 GHz. It has a maximum full-
band noise figure of 3.3 dB, with a typical
value of about 3.0 dB. The minimum out-
put power at 1-dB compression is +8 dBm
with typical output third-order intercept
point of +16 dBm.

Another broadband amplifier sup-
plier, RF-Lambda (www.rflambda.com),
supplies power amplifiers and LNAs with
manual and digital control interfaces.
Many of are suitable for test applications
through 40 GHz and supplied in coaxial
and waveguide housings. An example of
the LNAs is model RLNA20G40GA with
35-dB gain from 20 to 40 GHz. It is sup-
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Model

Frequency Range

Tuning

Phase Noise
@ 10 kHz

Size

( MHz ) Voltage ( VDC ) VvDC @ 1 [Typ.] (dBo/Hz) [Tyl (Inch)
DCO Series
|DCO50100-5 500 - 1000 05-15 +5@ 34 mA 100 0.3%0.3x0.08
600 - 800 0-3 +3@ 15 mA 105 0.3x0.3x0.08
700 - 750 05-3 3@ 12mA -108 0.3x0.3x0.08
DCO80100-5 800 - 1000 05-8 +5 @ 26 mA A1 0.3x0.3x0.08
DCO8190-5 810 - 900 0.5-16 +5 @ 34 mA 118 0.3x0.3%0.08
1DC0100200-5 1000 - 2000 05-24 +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 0.3%0.3x0.08
DC0200400-5 5@ 46 mA 50
B e 2000 - 4000 05-18 bip ik = 0.3x0.3%0,08
DCO300600-5 +5@ 35 mA 80
S ladis | 3000 - 6000 0.5-18 g i it 0.3x0.3x0.08
DCO400800-5 E@20mA 78
RN 5 4000 - 8000 0.5-18 i e 0.3x0.3x0.08
DC0432493-5 +5 @22 mA 88
e 4325 - 4950 0.5-11 it . 0.3x0.3x0.08
DC0O450900-5 5 @20 mA 76
e 4500 - 9000 05-18 e o4t 0.3x0.3%0.08
DC0473542-5 5 @20 mA 88
et s 4730 - 5420 05-22 B 4 0.3x0.3x0.08
DCO490517-5 75 @22 mA 88
Hsheyinstiing 4900 - 5175 05-5 e s 0.3x0.3x0.08
DC0495550-5 5 @22 mA 83
i 4950 - 5500 05-12 51 oy 5 0.3x0.3x0.08
DCO5001000-5 75 @20 mA 75
sk e 5000 - 10000 05-18 i ey i 0.3%0.3x0.08
DCO579582-5 5780 - 5880 0.5-10 +5 @ 20 mA -90 0.3x0.3x0.08
[DCOB08634-5 t § 5@ 20mA 85
N bl 5080 - 6340 05-5 b iy i 0.3x0,3x0.08
DCO615712-5 5@ 22 mA
. 6150 - 7120 0.5-18 @22 mA 03x03x008

DXO Series

Frequency Range
(GHz)

Tuning
Volitage ( VDC )

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

DC Bias
VDC @ 1 [Typ.]

DX0810900-5 5@ 32 mA 82
DXO810900-3 81-8825 05-15 @3 ma 20 0.3%0.3%0.08
DX0900965-5 +5@27 mA -80

DX0900965-3 o oer e +3@ 27 mA : = 0.3x0.3x0.08
DX010701095-5 10.70 - 10.95 05-15 +5 @ 25 mA -82 0.3x0.3x0.08

DX011441200-5

11.44-12.0

05-15

+5 @ 30 mA -82

0.3x03x008

DX011751220-5

11.75-122

05-15

+5 @ 30 mA -80

0.3x0.3x0.08

DX014851515-5

14.85-15.15

+5 @ 30 mA
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BROADBAND TEST COMPONENTS

plied with 2.92-mm (K) connectors and
achieves a 4.5-dB noise figure and +10-
dBm output power at 1-dB compression.
M/A-COM Technology Solutions
(www.macomtech.com) offers extensive
lines of broadband active and passive
components suitable for use in test-and-

measurement applications. Product lines
include digital attenuators, limiters, phase
shifters, power detectors, and switches.
Several different silicon- and GaAs-based
semiconductor technologies account for
switch products spanning DC to 70 GHz
in a variety of different package styles, in-

Directional Couplers
to 67 GHz

Double Arrow 3 dB 180°
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, www.krytar.com lists complete specifications
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DC to 67 GHz
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cluding coaxial packages suitable for use
with test-and-measurement applications.

Narda Microwave East (www.narda-
microwave.com), offers many lines of
high-performance switching and passive
component products suitable for use in
testapplications. Its model 2382-2 is a two-
way power divider for use from 500 MHz
t0 6.0 GHz (see figure). It handles as much
as 250 W CW power.

When the need for testing is at millime-
ter-wave frequencies, Spacek Labs (www.
spaceklabs.com) offers a range of compo-
nents starting at 18 GHz. These include
amplifiers, detectors, filters, frequency
multipliers and converters, frequency
sources, and mixers.

Spectrum Microwave’s (www.spec-
trummicrowave.com) lines of broadband
mixers, formerly Magnum Microwave,
are available in versions with connectors
and in surface-mount and drop-in pack-
ages from use from 0.5 to 26.5 GHz. The
company targets many mixers for specific
communications bands, but also offers
broadband mixers for test-and-measure-
ment applications. As an example, con-
nector-housed mixers in the MM9xxG-40
series operate across RF and LO frequency
ranges of 0.5 to 18.0 GHz and yield an IF
range of DC to 300 MHz, making them
ideal for broadband frequency translation
of test signals.

Of course, many of the leading test-
equipment manufacturers also supply
broadband active and passive compo-
nents in support of their instrumentation,
and a visit to a favorite test-and-mea-
surement website can usually reveal their
available components. By way of example,
Agilent Technologies (www.agilent.com)
offers a wide variety of RF/microwave test
components, such as the model 87405C
preamplifier with 25-dB gain and +1.5-dB
gain flatness from 100 MHz to 18 GHz. The
broadband amplifier features 6-dB noise
figure from 0.1 to 4.0 GHz and 4.5-dB noise
figure from 4 to 18 GHz with +15-dBm out-
put power at 1-dB compression. MWRF
Editor’s Note: To read an expanded ver-
sion of this article, visit hitp://mwrf.com/
active-components/components-aid-
broadband-testing.
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Understand Uncertainty

&5 e
ACCURACY

EASUREMENT UNCERTAINTY impacts all instruments and mea-
surements, no matter how well designed. Knowing more about the
causes of measurement uncertainty and how to model it can pro-
vide greater confidence in the final results shown on an analyzer’s
or other RF/microwave instrument’s display.
UnderSTOnding its Designers typically apply a guard band around a performance
parameter, such as insertion loss, to account for the difference between the accep-
SOUfCGS—Ond The tance test limit of the device under test (DUT) and the performance limit of the test
wdays to reduce it— equipment. The guard band can apply to measurement uncertainties as well as test-

: equipment performance variations due to drift over time, temperature, and other fac-
can prOVIde assurance tors. Ideally, this guard band can be reduced as much as possible, although such a

Measurement
uncertainty is the bane
of all designers, but

that deSig NS meet their  reduction requires a reliable estimation of measurement uncertainty. It must be done
required performance.

in a way that is relatively simple, fast, and conservative enough to inspire confidence
in the measurement results.

Measurement uncertainty characterizes the dispersion of values below and above
those obtained from a measurement, where “P” is the measured value and “u” is the
measurement uncertainty. Total uncertainty is expressed as P + u. Standard uncer-
tainty is expressed as a standard deviation, u(y), as shown in Fig. 1, and relative un-

1. Standard uncertainty is expressed

as a standard deviation, u(y). Relative
uncertainty is standard uncertainty divided
by the true value of the property being
measured. Measurement uncertainty
equals u(y) divided by “y".

2. The net power delivered to the Various sensor losses
sensor (Pg|) is the incident power (P;)
minus the reflected power (P,). As not
all of the input power is dissipated

in the sensing element but rather is

2 Power r
retained as heat, the actual measured =

power is just the value that the Cal factor x, = n (P_/P)

of i n, = effecive efficiency

sensing element dissipates.

50 January 2013 | Microwaves&RF



Now upto 4A DC current 100 kHz-12 GHz

Mini-Circuits is your complete source for Bias-Tees, covering
from 100 kHz to 12 GHz and handling up to 4A DC in a variety of
coaxial, plug-in, and surface mount packages. All of our Bias-Tees
boast low insertion loss and VSWR. Our patented TCBT LTCC
ceramic designs are the smallest in the world and are ready for
your projects where very low price, space limitation, and temperature
stability are a must. Our ultra-wideband ZX85 Bias-Tees use our
patented Unibody construction to give you small size and high
repeatability. Whether your applications call for biasing amplifiers,
laser diodes, or active antennas, DC blocking, DC return, satellite
communications, test, or if you have custom requirements, just
contact Mini-Circuits and let us fit your needs to a “TEE”!

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

g

7X85+  ZNBT+
0 RoHS compliant.

ZFBT FT+ ZFBT+ JEBT+ TCBT-14+ TCBT+

from ea. Qty.1000
TYPICAL SPECIFICATIONS
Model Freq Insertion
(MHz) Loss (dB) (dB) mA
TCBT-2R5G+  20-2500 0.35 44 200
TCBT-6G+ 50-6000 0.7 28 200
TCBT-14+ 10-10,000 0.35 33 200

TCBT: LTCC, Actual Size .15” x.15”, U.S. Patent 7,012,486.

JEBT-4R2G+  10-4200 0.6 40 500
JEBT-4R2GW+ 0.1-4200 0.6 40 500
PBTC-1G+ 10-1000 0.3 33 500
PBTC-3G+ 10-3000 0.3 30 500
PBTC-1GW+  0.1-1000 0.3 33 500
PBTC-3GW+  0.1-3000 0.3 30 500
ZFBT-4R2G+ 10-4200 0.6 40 500
ZFBT-6G+ 10-6000 0.6 40 500
ZFBT-4R2GW+ 0.1-4200 0.6 40 500
ZFBT-6GW+ 0.1-6000 0.6 40 500
ZFBT-4R2G-FT+ 10-4200 0.6 N/A 500
ZFBT-6G-FT+  10-6000 0.6 N/A 500
ZFBT-4R2GW-FT+ 0.1-4200 0.6 N/A 500
ZFBT-6GW-FT+ 0.1-6000 0.6 N/A 500
ZFBT-282-1.6A+ 10-2800 0.6 45 1500
ZFBT-352-FT+  30-3500 04 23 4000
ZNBT-60-1W+  2.5-6000 0.6 45 500
g cioauony ZX85-12G+ 0.2-12000 06 N/A 400

ZX85: U.S. Patent 6,790,049.

05,2

Isolation Max Current Price $ea.
ty.10

6.95+
9.95
8.45

Qty.1-9
39.95
59.95

25.95
36.95
35.95
46.95

59.95
79.95
79.95
89.95

59.95
79.95
79.95
89.95
56.95
48.95
82.95

99.95

Note: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports.
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U.S. Patents
7739260, 7761442
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P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
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MEASUREMENT UNCERTAINTY

certainty is standard uncertainty divided
by the true value of the property being
measured. The true value of this property
must be estimated, so measurement un-
certainty equals u(y) divided by “y.”

Mismatch uncertainty stems from in-
complete knowledge of the phase of the
reflection coefficients of the source and
load impedances and their interconnec-
tion. It is defined as the amount of power
(in dBm) unavailable at the output of a
transmission line resulting from signal
reflections and impedance mismatches.
A transmission line that is properly ter-
minated should suffer no reflections and,
therefore, no mismatch loss.

Mismatch uncertainty is typically
the greatest contributor to overall un-
certainty from measurements made by
power meters, signal analyzers, noise-
figure meters, network analyzers, oscillo-
scopes, and signal generators, as well as
test components such as attenuators, di-
rectional couplers, cables, and adapters.
Mismatch uncertainty can be reduced by
minimizing the reflection coefficient of
transmission lines and components used
within the test setup. The table offers
methods for achieving this.

Instrument uncertainty differs with

0.8
0.6

0.4 /
0l £

Rayleigh probability
density function
versus x for o = 1

3. The Rayleigh distribution model is accu-
rate yet conservative, making it well suited
for estimating mismatch uncertainty.

each type of instrument. It can stem
from switching, drift of bandpass filters,
calibration, and nonlinearities within the
instrument. With a signal analyzer, for
example, changes to its internal configu-
ration should be minimized to reduce
uncertainties. This can be achieved by
stepping through a measurement before
taking data. The analyzer should also
run its alignment process and should be
characterized using a calibration signal
close to the frequency of interest.

Power measurements can suffer a
great deal of measurement uncertainty.
There are many sources of uncertainty
in these measurements, starting with the
sensor and source impedance mismatch,
followed by those from the power sensor
and power meter. Referring to Fig. 2, Py

represents the net power delivered to
the sensor and is the incident power, P;,
minus the reflected power, P,. However,
not all of the input power is dissipated in
the sensing element: Some is converted
to heat in other parts of the sensor. The
power registered on the meter is only
that dissipated by the sensing element.

The calibration factor, K, accounts
for the imperfect efficiency of the sen-
sor and the mismatch loss and reflected
signal, and is unique to each sensor.
The calibration factor is printed on a
power sensor’s label or stored in an elec-
tronically erasable programmable read-
only memory (EEPROM) for each sen-
sor. A calibration sheet containing the
unique calibration factor and reflection
coefficient data is generally shipped with
each sensor.

Components within a power meter
contribute to measurement uncertainty
and should be included in any uncer-
tainty analysis, although the errors these
components contribute are typically
smaller than the source sensor mismatch
and other sensor uncertainties. The most
significant forms of power measurement
uncertainty are power reference uncer-
tainty and instrumentation uncertainty.

Waveguide Components

OFF-THE-SHELF OR CUSTOM DESIGNS
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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.

waveline

P.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100 Fax: 973-226-1565
E-mail: wavelineinc.com

52 January 2013 | Microwaves&RF



and Automation Solutions
= ZigBee® (IEEE 802.15.4) = Automated Meter Reading (AMR) = Advanced Metering Infrastructure (AMI)
= Wireless Local Area Network (WLAN) = Industrial and Home Control = Unlicensed Band Radios

~

: SKYWORKS'

Neighborhood Area Network (NAN) Home Area Network (HAN) Front-end Module (FEM) Block Diagram

Front-end Modules (FEMs)

Tx Gain RxGain I Tx Package Frequency Band (MHz)

cc

Number Function (dBm) (dB) (dB) (mA) (mm) <170 410-470 868-930 2400-2500
& SKY66100 Tx/Rx Front-end Module with Rx / Tx Bypass 20-27 30 -0.5 110-300 MCM 4 x4 o
@ SKY65367-11 High Power Tx/Rx Front-end Module with Rx / Tx Bypass 30 35 -0.5 600 MCM 4x4
@ SKY65338 Tx/Rx Front-end Module 27 32 - 315 MCM8x8
@ SKY65342-11 High Power Tx/Rx Front-end Module with Rx Bypass 29 34 -0.6 650 MCM 8'xf8fV'
@ SKY65378 Low Power Front-end Module with Tx Bypass and LNA = & 1417 37 OFNd x4
@ SKY65346-21 Tx/Rx Front-end Module with LNA 26 35 1317 200  MCM 5“x 5.
@ SKY65313-21 Tx/Rx Front-end Module with LNA 30.5 28 16.6 695 MCM6x6
@ SKY65364  High Power Tx/Rx Front-end Module with LNA, PA, 305 30 15 730 MCM6X6
Tx/Rx Bypass, HD Filter L ‘
@ SE2435L High Power Tx/Rx Front-end Module with LNA 30 28 16 550 QFN 4 x 4
@ SE2442L High Power Tx/Rx Front-end Module with Rx Bypass 30 28 -0.7 ‘5'50 ; ~QEN'~4‘x4‘ .
@ SE2438T Low Power Tx/Rx Front-end Module with LNA 10-14 16 12.3 20-33 QFN3x3
@ SE2431L  Tx/Rx Front-end Module with LNA 20 23 12 110  QFN3x4
@ SE2432L Tx/Rx Front-end Module with LNA 20 22 115 110 QFN 3 x 4 ]
@ SE2436L High Power Tx /Rx Front-end Module with LNA 27 28 115 400 QFN4x4 =

1. SKY65378: | Rx gain value shown.

Power Amplifiers
Part P Gain P Package Frequency Band (MHz)

1d8

Number Function (dBm) (dB) (dBm) (mm) 450 915 2400
@ SE2433T 2-Stage Power Amplifier 24 o2 24 QFN 2.5x 2

@ Skyworks’ Green™ products are compliant to all applicable materials legislation and are halogen-free. For additional information, please refer to Skyworks Definition of Green™, document number SQ04-0074.
New products indicated in blug, bold are continually being introduced at Skyworks.
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of-squares (RSS) method.

In a power measurement, for exam-
ple, the goal is to determine the power
delivered to a reference impedance, Z,
so the power sensor’s impedance would
(ideally) also be Z, and none of the sig-
nal would be reflected from the sensor.

MEASUREMENT UNCERTAINTY

When the sensor impedance deviates
from Z,, it represents a mismatch with
the power source and reflections occur,
with some source power failing to reach
the sensing element; this makes a to-
tally accurate measurement impossible.
Since the source is typically mismatched,

4. The model described by Harris and
Warner has a U-shaped probability
density function and is the model most
widely used.

For power reference uncertainty, ther-
mocouple and diode sensors require a
highly accurate, known power source to
verify and adjust for the sensitivity of the
individual sensor.

Power meters from Agilent Technolo-
gies (www.agilent.com), for example,
employ a 1-mW (0-dBm), 50-MHz cali=
bration source as a reference. Power
reference uncertainty refers to the un-
certainty in the output level of this cali-
bration source, which is specified for
Agilent’s calibration sources as *0.6%
for 2 yr. at +25 = 10°C. Instrument un-
certainty is the combination of meter
tracking, circuit nonlinearities, and am-
plifier gain uncertainties, and a manu-
facturer guarantees the accumulated
uncertainty will be within a specific
limit, such as £0.5% for absolute average
power measurements.

Determining total measurement un-
certainty requires that all major sources
of uncertainty be considered; once these
have been identified, the uncertainties
from each source can be estimated. To-
tal measurement uncertainty is obtained
by adding the uncertainties from each
source. This is a conservative approach,
and necessary if it cannot be determined
whether the individual sources of un-
certainty are independent of each other.
If it can be determined these individual
sources of uncertainty are independent,
they can be added using the root-sum-

Miernowauae2RE | vieit www mwrf eom
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MEASUREMENT UNCERTAINTY

(133 Measured Eit 5. The cumulative
8-? 7 ESEET distribution functions
L 06 - 2 for Agilent's 8481A
O o4 I/ = power sensor in two
Og 7 Fit error +0'8 frequency ranges
0.1 -0.1 demonstrate the
¢ 0.02 0.04 0.06 0.08 Rayleigh model’s
I low level of fit error.
1.0 [Measured
8'? —Fit
i v 12440 18.0GHz | _
b o
Lé_ 0.6 %
o 0.5] 7 &
0.4 A
0.3 / Fit error i1
0.2 A = 0
0.1 o -0.1
0 0.02 0.04 0.06 0.08

At 300 MHz and below, transmission lines should be as short
as possible to reduce the change of phase with frequency.
Although this applies to higher frequencies as well, it is not as
effective at higher frequencies where even short cable lengths

Directional Detectors are significant fractions of a wavelength.

Directional Couplers
Power Dividers

Use the same connector | APC-3.5 and SMA connectors, for example, may look similar but
type throughout have different mechanical interfaces. If necessary, a precision
the setup adapter, or “connection saver,” is recommended between them.

Characterization and care | Using a network analyzer, record the results for comparison
of cables, connectors, at the next regular test station audit. Keep precision connec-
and adapters tors clean and gauge them regularly. Connectors are gauged
by measuring it with a dial gauge to ensure it has not been
damaged, which will destroy any part it mates with.

Use an isolator to reduce | These components are more expensive than attenuators, but
load reflections are justifiable at high power levels when the power lost in an
attenuator would be high, as well as at very low power levels
when the signal would be masked by thermal noise.

Januarv 2013 | Microwaves&RF



reflections will also occur at that point.
Phase addition and subtraction of the
incident and reflected waves create a
voltage standing wave pattern on the
transmission line and, although the exact
power entering the sensor cannot be de-
termined, the maximum and minimum
power values can be calculated from the
VSWR of the source and sensor.

When measuring the performance
of RF and microwave subsystems and
systems, correcting for mismatch with
a high level of certainty requires knowl-
edge of source and load reflection coef-
ficients. Unfortunately, in many mea-
surement situations only the reflection
coefficient magnitude is known. With-
out the required phase information, it
is impossible to accurately correct for a
mismatch, which will then represent a
source of error in a power measurement.

When phase is not known, there are
three models available for assessing
uncertainties: one well suited for de-
termining mismatch uncertainty using
measured values of reflection coefficient
magnitude, another relying on Rayleigh
distributed values when reflection coef-
ficient magnitude must be assumed, and
the third combining measured and as-
sumed values. Of the three, the Rayleigh
distribution model (Fig. 3) has greater
utility and has been shown to provide a
more accurate assessment of uncertainty.

However, it is not as widely used as
the technique described in ref. 1, which
is based on the uncertainty of having a
U-shaped distribution (Fig. 4) and as-
sumes that reflection coefficient mag-
nitudes always reflect the maximum
amount stated on a manufacturer’s data
sheet. The U-shaped probability dis-
tribution provides only one-half of the
required information as total mismatch
uncertainty requires knowledge of errors
associated with the magnitude of reflec-
tion coefficient.

Total uncertainty can be determined
by estimation and an associated un-
certainty, or by assigning a probability
density function (PDF) to the reflection
coefficient magnitude. Assigning a PDF
to reflection coefficient magnitude can

RBianmnmmiatiaa2DE | vriot wmemar murrf eom

be used when data is available from the
instrument manufacturer’s data sheet,
although each manufacturer states dis-
tribution of reflection coefficient mag-
nitude differently. For example, power
sensors, signal generators, and signal
analyzers from Agilent Technologies

feature guaranteed VSWR specifications;
the company’s latest power sensors in-
clude a graph of typical VSWR versus fre-
quency as well.

The model of ref. 1, known as the
Harris and Warner model, accounts for
the error associated with measured val-
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ues of reflection-coefficient magnitude
as well as the error caused by unknown
phase. When it is necessary to assume
reflection-coefficient magnitude values,
the Rayleigh distribution gives the most
accurate estimate of uncertainty. Inves-
tigations have shown that the Rayleigh
model—when evaluated on power sen-
sors, signal generators, and signal ana-
lyzers—provides results much closer to
“reality” than other methods.

Since the Rayleigh model depends on
a large number of reflective elements, it
could be assumed that power sensors,
the least complex of the three instru-
ments studied, might not fit well with a
Rayleigh distribution. In fact, the Ray-
leigh model is a good fit for power sen-
sors and power measurements. Figure
5 compares the measured reflection-
coefficient magnitude with a best-fit
model from DC to 8 GHz and 12.4 to 18
GHz. The fit in the DC-to-8-GHzregion is
very close, with a good fit even at high-
er frequencies exhibiting variations in
mean VSWR.

The accuracy of the Rayleigh model is
apparent upon comparison with results
from other models. With the popular
U-shaped distribution equivalent to a
known maximum reflection coefficient
with uniformly distributed phase, the ex-
ample of an Agilent model 8481A power
sensor between 12.4 and 18 GHz shows
a VSWR of 1.28:1 and a reflection coef-
ficient of 0.123. The observed statistical
distribution of reflection coefficient in
the lower plot of higher frequencies in
Fig. 5 shows no probability higher than
0.090, and only minor variations from
a Rayleigh model with reflection coef-
ficient between 0.01 and 0.08. The Ray-
leigh model is clearly much more ac-
curate, even at its worst, than using the
data-sheet specification.

The estimated uncertainty is roughly
proportional to the median of the dis-
tribution function. The Rayleigh model
achieves high accuracy by using the
mean reflection coefficient. In fact, it
usually provides a six times lower esti-
mate of uncertainty than the U-shaped
distribution approach. It is also conser-

Miennmiavone 2RE | vicit www mwrirf rom

vative enough to allow a designer to re-
duce a guard band with confidence. In
short, the Rayleigh model provides a fast,
accurate estimate of standard uncer-
tainty caused to mismatch and can help
improve confidence in a variety of RF/
microwave measurements. MWRF

MEASUREMENT UNCERTAINTY

REFERENCE

1. l.A. Harris and W.L. Warner, “Re-examination of
mismatch uncertainty when measuring microwave
power and attenuation,” Microwaves, Optics, and
Antennas, IEE Proceedings, February 1981, Vol.
129, No. 1.

FOOTNOTE
1. Agilent Application Note 1449-3, “Fundamentals
of RF and Microwave Power Measurements,”
documents these practices. Along with the
companion Average Power Sensor Uncertainty
Calculator, it is available at www.agilent.com.
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Wide Filter Stop

band

Aids UWB Systems

Based on a mulfiple-mode resonator, this compact ultrawideband
bandpass filter has low passtband loss from 3.1 to 10.6 GHz with high

rejection in the upper stopband.

LTRAWIDEBAND (UWB) commu-
nication systems offer great promise
for transferring high-speed data,
provided that proper filtering can
be achieved to prevent interference. Since
the Federal Communications Commission
(FCC) established the UWB spectrum for
commercial use in 2002, various UWB sys-
tem topologies have been developed for use

O
|

(a) BPF 1

1.086 cm

1.653 cm

3.325cm

3.325 cm

Dielectric [E] Dielectric Dielectric
layer layer layer
Ground B Ground I Ground
plane (o) BPF 2 plane () BPF 3 plane

from 3.1 to 10.6 GHz, with a corresponding 1. These three layouts show the topologies of the three UWB bandpass filters:

need for UWB bandpass filters. In late 2003,
the first UWB filter was documented, using
microstrip ring resonators with loaded open stubs to achieve
dual stopbands.?

The use of multiple-mode resonators (MMRs) has supported a
new genération of UWB filters. For example, refs. 3 and 4 detail a
stepped-impedance MMR with half-wavelength /2 low-impedance
segments at the center and two identical quarter-wavelength A/4
high-impedance segments at both sides, which allocated its three

Input

Output

2. This layout shows the structural parameters for the
proposed UWB BPF.

60

(a) one-pole BPF 1, (b) two-pole BPF 2, and (c) folded two-pole BPF.

resonant modes within the UWB frequency range. Subsequently,
an UWB bandpass filter was proposed with nonuniform coplanar-
waveguide (CPW) MMR with short-circuited ends.?

Another UWB filter was realized by loading three open stubs
in parallel with a conventional MMR resonator in the center and
two symmetrical locations, respectively.® This approach exploits
the first four resonant modes of the MMR for relocation within
the UWB frequency range while pushing up the fifth resonant
mode to create a wider upper stopband. Also, electromagnetic-
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3. This schematic diagram of the stepped-impedance MMR
(a) is shown besides its equivalent-circuit model (b) and its
LC equivalent-circuit model (c).

Januarv 2013 | Mierowaves 2RF



Cauvity Filters

Slab Line

LTCC
Low Temperature
Cofired Ceramic

Lumped-Element

Ceramic Resonator

$799

Over 300 Models IN STOCK ...Immediate Delivery! froml ea.10-49

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

exclusive search engine.

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

02 The Design Engineers Search Engine...

Trsome0 mataee finds the model you need, Instantly.

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

[JMini-Circuits’

/SO 9001 [SO14001 AS9100

2o
@412 The Design Engineers Sea

U.S. Patents o

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 minicircur




fte51))

= IS, Hs

Remote Solutlons

PORTABLE
POWER
METER

Innovative. Convenient. Practical.

The RS2026 Portablé .

‘  Power Meter is the
ﬂrst of its kmd

« Portable, lightweightand
' 'seif-c':ohtained operation
_ requiring no computer or
other hardware.

- Easy and convenient o use

* Quick measurement and
exceptional performance

« Wireless interface with 2.4 GHz

 SMbandand arange of upto
100 meters

* HandHeld and Remote units are
 battery powered or by Micro
USB cable.

UWB BANDPASS FILTER

configuration; the feed-
0 lines are tapped off the
e b | SIRs. The proposed filter
A _/ /‘ \_| | featuresawidepassband
-20 A | | responsefrom3.1t010.6
%; . /\ \// // GHz that meets the FCC's
F \J \ _ // ¥1m1ts for handheld e.lnd
—40 indoor UWB communica-
Basic MMR tions devices. In addition,
=0 Rroposed MMR | it exhibits an extremely
5 / ? 7 . wideband stopband with
0 5 10 15 20 25 30 | 20-dBrejection extending
R R to U-band frequencies for
@ 0 suppression of unwanted
signal content outside of
-10 ] = the FCC UWB comuni-
LR RTINS
% 30 )VM m/ >< \// duced by tapped parallel-
4 : / >~ \/O coupled lines, higher-or-
pelia derresonant modes, due

| L,=8.2mm ;
T / =72 mm to the harmonic nature
/ L,=6.2mm ofa stepped-impedance
-60 o anan MMR resonator, can be
®) ? : i Frequen1csy— o o o o sufficiently quelled to
create the broad stop-

4. These plots show (a) the simulated S responses of
the proposed and basic MMRs, and (b) the simulated S»,
responses for the proposed MMRs with different values of L.

bandgap (EBG) embedded MMRs were
applied to the design of UWB filters for
improved upper stopband performance.” In
addition, by attaching three pairs of circular
impedance-stepped stubs in parallel to a
high-impedance microstrip line, an MMR
capable of supporting a wide passband and
stopband was developed.? Similarly, the use
of a spiral-shaped loaded multiple-mode
resonator also shrinks the size of a wideband
bandpass filter circuit while enhancingits
bandwidth.® The current author has pro-
posed numerous filter topologies based
on folded stepped-impedance resonators
(FSIRs) with parallel high-impedance seg-
ments to achieve a compact notched UWB
bandpass filter and an UWB lowpass filter
with wide stopband.!%12 In the present
report, acompact UWB bandpass filter struc-
ture was developed. It consists of folded
multiple-mode resonators coupled to each
other and to SIRs using a parallel coupled

band exhibited by this
bandpass filter.
Figures 1(a), (b), and
(c) show three UWB filter
topologies (named BPF 1,
BPF 2, and BPF 3, respectively). The design
in Fig. 1(a) uses an MMR which is coupled
to the SIRs by means of a parallel coupled
configuration. The folded MMR has reso-
nance characteristics similar to those of a
stepped-impedance MMR, although the
folded MMR contributes to both size reduc-
tion and upper-stopband improvement. The
filter was designed and fabricated on RT/
duroid® 5880 circuit material from Rogers
Corp. (www.rogerscorp.com) with relative
permittivity (dielectric constant) of 2.20 at
10 GHz through the z-axis (thickness) of
the material, thickness of 1.52 mm, and
loss tangent (dissipation factor) of 0.0009.
Figure 2 illustrates the layout of the
proposed UWB BPF with its structural pa-
rameters. Figures 3(a), (b), and (c) show
the geometry, equivalent-circuit model,
and inductive-capacitive (LC) equivalent-
circuit model of the basic open-circuited
stepped-impedance MMR. It consists of a
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UWB BANDPASS FILTER

Comparing UWB bandpass filter designs

Reference

4 2.07 x 0.08

8 1.02 x 0.19

Passband
width (GHz)

Not mentioned

2.80 ~ 10.20

Return loss
(dB)

Insertion loss
(dB)

1.30 14.0

1.00 10.0

low-impedance line section in the middle
with characteristicimpedance represented
by Z, and electrical length 6;, along with
two identical high-impedance line sec-
tions with characteristicimpedance Z, and
electrical length 6, on both sides. The input
admittance (Y;,), viewed from the open
end of the filter structure, can be derived

from Eq. 1:

Yin=jY, 2(Rtan6; + tan6,)(R - tan 0; tan 6,)
/R(1 - tan®6,)(1 - tan?6,) -2(1 + R?)
(tan 6, tan 6,) (@8]

The resonance condition for this UWB
bandpass filter design can be derived from

20-dB upper
stopband (GHz)

SAW
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-170dBc/Hz noise floor
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1x1x.2" hermetic flatpack

90 Wolcott Rd. Simsbury, CT 06070 (860) 651-0211

64

SAW for
Defense & Space

Exceptional
phase noise

Excellent
temp stability

101011

CORPORATION

www.phonon.com/osc

Structure

MMR + interdigital

2 coupled lines

MMR + interdigital

a7 et i

the following:
Yin =0 (2)
The fundamental and higher-order-mode
resonances occur alternately in the odd
and even modes and can be obtained from
electrical lengths 6; and 6, by the following
two transcendental equations:
for the odd mode:
R-tanB;tan6,=0 (3)
for the even mode:
Rtan6;+tan0,=0 (4)
By choosing 6, + 6, = 26 and streamlin-
ing the design equation, the following can

be derived from Eq. 1:

Yin = jY5 2(1+R)(R - tan®d)(tan 0)
/R-2(1 +R + R¥)(tan®0) + R tan*0 (5)

where R,=Z,/Z, is the impedance ratio of
the stepped-impedance MMR. With the
fundamental and higher-order-mode reso-
nances represented by {1, £, f13, and
fms, with corresponding electrical lengths
of 0y, 05,03, and 0, it is possible to obtain
the following using Eqgs. 1 and 2:

tan?0; -R=0o0r 0, = arctan VR,
tan?0, = w or 0,=m/2,

tan?03 - R=0 or O3 = — arc tan tan VR,
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UWB BANDPASS FILTER

tan?0,=0o0r 0, = (6)
Thus:

frno/fm1 = 0,/0; = /2arctan VR,

fs/fm = 05/6; = (m/arctan VR) - 1,
fo4/fn1 = 04/0; = (m/arctan VR). )

In the filter design, the impedance ratio
and firstresonant mode are set by means of
R,=2.05andf;,; =5.65 GHz. From Eq. 5, the
frequency ratios {5/ f1, fns/ i1, and fi,4/
fn1 can be selected nearly as 1.6, 2.3, and
3.3, respectively. Once R, is determined, the
high-impedance segments of the MMR can
be folded to achieve a more compact design.
Figure 4(a) shows simulated frequency-
response curves for the basic and folded
MMRs under weak capacitive coupling.
The resonators have similar behavior—with
four resonant modes distributed around
5.61,8.44,13.57, and 18.85 GHz—validating
the theoretical analysis. The folded MMR
is capable of yielding transmission zeros
athigher frequencies, contributing to good
upper-stopband performance.

Several degrees of freedom exist for
adjusting the location of the resonant
modes. Figure 4(b) shows the simulated
forward-transmission (S,;) response of the
proposed MMRs with different values of
length L,. From Fig. 4(b), as L, increases,
the resonances shiftlower in frequency. For
tighter coupling between input and output
resonators using the proposed MMR designs,
the parallel-coupled structure of Fig. 5(a)
was used. This feed structure is composed
of two FSIRs that are capacitively coupled,
and the I/0 lines are tapped off the SIRs
as shown. Capacitive coupled structures
or parallel-coupled lines have been widely
evaluated in multistage wideband filters
because of their simple design procedure.'®
The drawback to this approach is its prac-
tical limitations. For wideband filters, the
space between the coupled lines must be
minimized for tight coupling, and itis dif-
ficult to realize such small gap spacing in
typical manufacturing processes.

The proposed feed structure offers ad-
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UWB BANDPASS FILTER

vantages over conventional approaches,
including a wider and sharper stopband

region. A tapped-line I/O structure is part of

this approach. Also, since the first and last
portions of the filter have been eliminated,
a design with tapped I/O ports can save
space on a printed-circuit-board (PCB)
design. The position of the tapped-line I/O
port is optimized for higher rejection in
the stopband. To better understand the
impact of different feed parameters on the

level can be adjusted by changing the values
of Lyand L.

As can be seen from Fig. 5(b), when
L, decreases from 8.2 to 6.2 mm in 1-mm
steps, and the other parameters remain
fixed, the coupling transmission zero will
move higher in frequency. From Fig. 5(c), it
is obvious that by increasing L; from 2.2 to
3.2 mm in 0.5-mm steps, the coupling zero
will decrease in frequency with a deeper
rejection level.

With the above-described features, it is
feasible to control the resonant modes of
the proposed resonator and transmission
zeros of the designed coupling structure
by tuning their structural parameters. Fig-
ure 6(a) shows full-wave simulated and
measured S-parameter
responses for the proposed
- UWB bandpass filter, where

frequency response of the feed structure,
simulated S-parameters were calculated
for different dimensions of L, and Ls as
shown in Figs. 5(b) and (c), respectively.
One transmission zero is located at about
16.09 GHz, but its location and rejection

i the physical dimensions
s . : Y
®mneer U areL¢=1mm,L;=6.7mm,
(@) ok L2=8.2 min, L3:2.2 mm,
0 5 : Wi=1.0mm, W; =1.6 mm,
W,=0.2mm, W3=0.7 mm,
A e e o \ ?<’\ W;=1.4mm, W;=1mm,
-20 A g:0.13mm, andd=0.1
Q / \NE [ \__7'\ mm. Obviously, Fig. 6(a)
I_ -30 \J \[ | showsthatthefilter's10-dB
2 e badon o
o b= v passband effectively spans
GORE. Electronic Materials Bl 3.1t010.6 GHz.
-50 Bl : The new filter topology
Enhance performance has several advantages over
; : L the conventional MMR-
and increase design 0 5 10 15 20 25 30
Hexibiliti: in voiir () Frequency— GHz based UWB bandpass
.y y 3 filter of ref. 3, including
electronic systems with 0 ;
he latest EMI shieldi higher passband return
ep s S iedns S0 : jk\ loss, a sharper response,
and RF grounding \\ /; /\\_/. and wider stopband. The
solutions from Gore. 20

table compares the current
design with a number of

/4
\
/)

gore.com/emi Ll previously reported UWB
=0 L=22mm bandpass filters. To im-
i L3 = 2.7 mm
e I L=32mm prove the out-of-band per-
@ 3 ' formance in both the lower
-60 bl o and upper stopbands of
0 : 1 = - = 80 | the current design, anothe
© Frequency—GHz g1, L

MMR could be coupled
with the first MMR via
coupled lines, as shown
in Figs. 1(b) and (c).
Simulated S-parameters
for these respective filter

5. The schematic diagram of (a) the proposed coupling
structure is shown next to (b) the simulated S,; responses
for the proposed coupling structure with different values of
L, and (c) simulated S,; responses for the proposed coupling

structure with different values of L.
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DuakChannel Switch

Contro

sDCTo 5.5 GHz

This dual-channel switch circuit provides low insertion loss,
high isolation, and excellent fransient response from DC fo
5.5 GHz, with two loop-through ports that add versatility.

ROADBAND RE/MICROWAVE
switches are invaluable as signal
control elements in many systems,
. eespecially when they can minimize
loss and maximize isolation between ports.
Buta dual-channel, broadband switch with
a loop-through port provides even greater
versatility, since the additional switched port
can be terminated in 50 Q or used for such
functions as signal sampling. The switch de-
scribed here features a bandwidth of DC to
5.5 GHz and approximate risetime of 47 ps.

The new five-port switch builds upon RF
electromechanical relay technology, incor-
porating a pair of relays to control the two switch channels. For
comparison purposes, a typical circuit with a single relay might
achieve as much as 45 dB isolation at 100 MHz and 25 dB isolation at
1 GHz. The single relay also exhibits insertion loss of approximately
0.1 dB at100 MHz and 0.4 dB at 1 GHz. In contrast, the two-channel
switch delivers more than 140 dB isolation at 100 MHz and better
than 90 dB isolation at 1 GHz. The penalty in insertion loss is only
0.14 dB at 100 MHz and 0.63 dB at 800 MHz.

A prototype of the dual-channel switch circuit (Fig. 1)
was constructed on 31-mil-thick RT/duroid® 5870 print-
ed-circuit-board (PCB) material from Rogers Corp. (www.
rogerscorp.com). Itis a glass-microfiber-reinforced polytetrafluo-
roethylene (PTFE) composite material with dielectric constant of
2.33 in the z-axis at 10 GHz, and low dissipation factor of 0.012
in the z-axis at the same frequency. The RT/duroid 5870 board
was reinforced for structural stability through the attachment of a
62-mil-thick FR-4 PCB.

The switch improves upon switching circuit designs employing
high-frequency relays. It offers increased bandwidth compared to
asingle-relay circuit, due to the use of microstrip distributed filters.
These filters are fabricated in the form of tapered and nontapered
microstrip transmission lines. The dual-relay switch achieves
performance levels not possible in single-relay designs, like the
high isolation between channels, 50-Q impedance at all ports with

- g

1. This is one possible circuit layout for
the switch, fabricated on RT/duroid 5870
PCB material.

low VSWR regardless of the switch state, and
low insertion loss across a wide operating
bandwidth. The loop-through input port can
be terminated into 50 Q ifnot needed, or used
as an additional input port that exhibits the
full loss and isolation characteristics of the
two main switch signal paths.

The switch circuitis configured as follows:
Channel 1 consists of an input port (Input 1),
an output port (Output), and aloop-through
port (Loop-thru 1) which can connect to the
input or output port. Channel 2 has its own
input port (Input 2), the same output port
(Output), and aloop-through port (Loop-thru
2) which can also connect to the input or output port. The loop-
through inputs as inputs for additional switches or as additional
inputs for a system using the dual-channel switch.

Output
o
x
= L c5
<
>
a0
[5)
i
8 g S
) X
2 0l i ¢ c4 - .
= + N 5
) 9 & z 13
7 AL e
Channel 1 E
T s C1 S
()
o
Input 1 Loop-thru 1 Input 2 Loop-thru 2
Input 1 “on” Input 2 “off”

2. This schematic diagram shows the basic architecture
of the loop-through switch.
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BROADBAND SWITCHES

From Fig. 2, it may be seen that a total
of five relays are used in the dual-channel
switch, with relay X1 is connected to Input
1, Loop-thru 1, and relay X2. Relay X2 is also
connected to relay X5, which is in turn is
connected to the output port and relays X2
and X4. Relay X4 is connected to relays X3
and X5, while relay X3 is connected to Input
2, Loop-thru 2, and relay X4. Relay coils are
connected to ground and to theirrespective
control lines.

The other contact points visible on Fig. 2
are the control-line connections: C1, C2, C3,
C4, and C5. Control signals are DC voltages
used to change the state of the applicable
relay. For the relays used in the dual-channel
switch, the control voltage is +5 VDG, although
voltages of +6, +9, +12, +18, and +24 VDC
can be used, depending upon the design
of the relay coil.

When Input 1 is “on” and Input 2 is “off,”
a signal at Input 1 passes through relay X1,
relay X2, and output relay X5 on its way to
the output port connector. The signal path at
Input 2 is through relay X3 to the Loop-thru
2 output port. Relay X4 is switched “off” to
prevent signal flowing from Input 2 and to
increase the channel isolation.

When Input2is “on” and Input 1 is “off,”
asignal at Input 2 passes through relay X3,
relay X4, and output relay X5 on its way to
the output port connector. The signal path at
Input 1 is through relay X1 to the Loop-thru
1 output port. Relay X2 is switched offin this
case to prevent signal flowing from Input
1 and to increase channel isolation. In the
two-channel switch circuit, relays X2 and X4
are three-port components with an unused
port for each. But it is also possible to use
two-port relays without the unused ports.

Unlike a traditional two-channel switch,
Input 1 and Input 2 can both be switched
“off” at the same time. When this is done,
both input signals will be available at their
respective loop-thru output ports, where they
can be terminated in 50 Q or used elsewhere.

In evaluating the performance of the
dual-channel switch, insertion loss (S,;) was
measured with all channel inputs terminated
into 50 Q and all loop-through outputs termi-
nated into 50 Q. The frequencyresponse was
measured as the ratio of the output voltage
to the input voltage measured by the signal
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Insertion loss—dB
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3. Insertion loss was evaluated through 3 GHz with level response across the

full frequency range.

generator, with all switch ports terminated
into 50 Q. Isolation was measured as S,;, with
the input port switched off for each channel.
This is the input to output port isolation.

Return loss was measured with all channel
inputs terminated into 50 Q, the output port
terminated into 50 Q, and all loop-through
outputs terminated into 50 Q0. The two-channel
switch circuit was characterized with a com-
mercial high-speed digital sampling oscil-
loscope (DSO), with model S-6 sampling
head and model S-52 pulse generator head
from Tektronix (www.tek.com).

The broadband insertion loss (3-GHz
scan) of the two-channel switch circuit
was measured with the aid of a model HP
8664A synthesized signal generator from

4. The two-channel switch circuit boasts

excellent transient response, as shown by
this oscilloscope display. The test signal
source is a Tektronix S-52 pulse generator
head with rise time of better than 25 ps,
and the S-6 sampling head has a rise time
of better than 30 ps.

Hewlett-Packard Co. (now Agilent Technolo-
gies; www.agilent.com). Two measurements
were made at each frequency: one with the
2 Channel Switch removed from the signal
path, and the second with the 2 Channel
Switch in the signal path. The loss in dB was
then calculated. The plot shows aresponse
of-0.05 to —0.97 dB over a frequency range
of 10 MHz to 3 GHz (Fig. 3).

The returnloss of the two-channel switch
was measured with a model SP2369 auto-
tester from Wiltron (now Anritsu; www.
anritsu.com) from 2 to 12 GHz. The VSWR
across this frequency range is 2.0:1 or bet-
ter whether the input port is active or not.
Computer simulations of the switch circuit’s
S;1 behavior with the input port switch in
the “off” position indicate thatreturn loss is
better than 40 dB at the lowest frequencies,
rising to about 12 dB at 5.6 GHz.

The risetime of the switch (Fig. 4) was
determined by subtracting the risetime of
the measurement system without the switch
in place from the measured risetime of the
same measurement system with the switch

_ circuit under test. The formula is simply:

[(measured risetime)? - (system risetime)?] >
The system in this case is the S-52 pulse gen-
erator head, the S-6 sampling head, and the
interconnect cables. This system exhibits
arisetime of 37 ps. The measured risetime
with the two-channel switch in place is 60
ps. Finally, the square root of the sum of the
squares of these two values yields a calculated
risetime of 47 ps for the switch alone. MWRF
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Employing mulfipurpose payloads including EO/IR, EW,
SAR and others, UAVs can now transmit complex information
directly to froops in the field while simultaneously sending
the information half-way around the world for analysis.

(1T, Inc. continues its expansion of GaAs- and GaN-
based solid-state amplifier products and subassemblies
designed to accommodate these ever evolving requirements.

(TT's UAV experience includes parficipation in data
and video communication links on programs including
Shadow, Hunter, Predator/Reaper, Pioneer, Global Hawk
and others.

Building on this experience, CTT is well positioned to
offer engineering and production fechnology solutions —
induding high-rel manufacturing — in support of your
complete UAV system requirements.

More than twenty-five years ago CTT, Inc. made a
strong commitment fo serve the defense electronics
market with a simple goal: quality, performance,
reliability, service and on-time delivery of our producs.

Give us a call to find out how our commitment can

support your mission success. It’s that simple.

241 East Java Drive * Sunnyvale * California 94089

+% Uplink and Downlink Amplifiers
e (, X, Ku, and Ka-Band
® Power Amplifiers Up to 100 Watts
o Low-Noise Amplifiers 1-18 GHz

% Power and Driver Amplifiers for SAR
o X thru Ka-Band
e UUp to 100 Watts

%+ Up Converters and Transceivers
o ( thru Ko-Band
o (ompact, Space-Saving Designs
+% Surface Terminal Amplifiers
® ( thru Ku-Band
e Up to 100 Watts

% CDL and TCDL Subassemblies
o |F and RF
o Digitally Controlled




ApplicationNotes

E IEEE 802.11AC wire-
less-local-area-network
£ (WLAN) standard fea-
tures multiple-input multiple-
output (MIMO) support with
up to eight spatial streams,
despite the fact that only one
is mandatory. In a five-page
application note titled “Solu-
tions for Design and Test of
802.11ac  MIMO,” Agilent
Technologies delves into the

design and test challenges
posed by MIMO and how
they can be handled. MIMO’s
complexity creates challenges
for the IEEE 802.11ac system
engineer—especially when it
comes to RF transmitter de-
sign. An IEEE 802.11ac sys-
tem’s MIMO performance can
be degraded by MIMO spa-

tial multiplexing algorithms,
multiple transmit/receive RF
chains, multiple
and system-level impairments.
Among other issues is the

antennas,

need to establish RF transmit-
ter performance required for
256QAM operation as well as
the local-oscillator (LO) phase-
noise performance needed to
meet an error-vector-magni-
tude (EVM) specification for
this modulation.

Such challenges make it
essential to understand any
design issues prior to hard-
ware testing. In the research
and development (R&D) test-
ing phase, however, system
engineers must create and
analyze MIMO test signals
with enough flexibility to ad-

- example,

dress the large number of spa-
tial streams, bandwidths, and
modulation formats supported
by IEEE 802.11ac. When mea-
suring the transmitter’s output
EVM, any problems must be
isolated to either the in-phase/
quadrature (I/Q) or interme-
diate-frequency (IF) stages.
Alternatively, there could be a
crosstalk or timing issue.
Toovercome |[EEE802.11ac
MIMO system design and test
challenges, the note suggests
the use of software design
simulation to evaluate design-
performance tradeoffs. For
the designer can
change the LO phase noise
being modeled in dBc/Hz to
determine the phase-noise
performance  required  for

Conquer Testing Of IEEE 802.11ac MIMO

256QAM versus 64QAM. Pow-
er-amplifier (PA) linearity, 1/Q
modulator gain/phase impair-
ments, and mixer/filter impair-
ments also can be modeled. In
the R&D testing phase, MIMO
test signals can be generated
by combining the simulation
with test equipment. The dif-
ferent spatial streams, band-
widths, and modulation orders
supported by IEEE 802.11ac
can be addressed. With the
addition of wideband oscil-
loscopes and modular test
instruments, MIMO EVM test-
ing can be performed.

Agilent Technologies, Inc.,
5301 Stevens Creek Bivd.,

Santa Clara, CA 95051;
(408) 345-8886,
www.agilent.com.

Simulation And Modeling Are

KEY TO AUTO- ANTENNA SUCCESS

ANY FACTORS CAN impact the
ffectiveness of the multi-antenna
‘configurations implemented in

today s vehicles. Examples include block-
ing, reflecting or re-radiating energy, and

Modeling and simulation also eliminate
the limitations of physical tests. With a
comprehensive modeling and simulation
toolset, any number of conditions can be
simulated. Physical measurements can

co-site interference. In ac-
tual operating conditions,
the motion of the vehicle
platform and environmental
factors like terrain and build-

Remcom, Inc.,
315 S. Allen St.,

State College, PA 16801;
(814) 861-1299,
www.remcom.com.

be used to confirm simula-
tion-based assessments.
To evaluate potential
configurations until a suc-
cessful option is identified,

Ste. 416,

ings also can reduce system effectiveness.
In addition, radiation hazards may pose
risks to nearby personnel. As explained in
an eight-page white paper from Remcom,
modeling and simulation are critical to
overcoming these issues.

Titled “Using Simulation to Optimize
Safety, Performance, and Cost Savings
When Integrating an Antenna Onto a Plat-
form,” the document explains that model-
ing and simulation can be used to assess
options and tradeoffs. A small number
of planned approaches can then be se-
lected before any physical testing occurs.
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for instance, high-fidelity electromagnetic
(EM) solvers can be used. Using the XFdtd
software and an in-house ray-tracing tool, a
radiation pattern has been simulated in free
space without any vehicle or other obstruc-
tion to perturb the pattern. Once the anten-
na was mounted on a vehicle, that radiation
pattern also was simulated. In this case, the
antenna exhibited similar forward radiation
and gain to the original design.

At higher frequencies, an electrically
large scenario may require more com-
puter memory or longer simulation times
when performing an EM simulation. Here,

a two-step hybrid approach may be used.
The note cites an example in which the
full-wave method from XFdtd determined
the radiation pattern of the array on a met-
al groundplane. A solution based on the
Uniform Theory of Diffraction (UFD) then
calculated the radiation pattern resulting
from mounting the array to the underside
of the electrically large Global Hawk un-
manned aerial vehicle (UAV).

Because military vehicles commonly
incorporate several antenna systems in
close proximity, interference between
these systems can cause problems with
simultaneous operation. Using simula-
tion and power measurements, the power
coupling between each transmit and re-
ceive antenna can be assessed to provide
an idea of how much transmitted power
propagates into the neighboring system.
Overall, the paper builds a strong case for
the use of EM modeling solutions to pre-
dict the performance of an antenna onto a
vehicle platform.
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Directional/Bi-Directional

COUPLERS

5kHzto12GHz

ow' Looking for couplers or power taps? Mini-Circuits has
279 236 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 t0 250W  1om 1 ea (gt 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>