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This is no plac
beta testers.

VNA Master™ Handheld
Vector Network Analyzers

There’s a lot riding on the accuracy of your field measurements. Why take a chance on an unproven
instrument, when the success of your mission or even national security could be at stake? Count on

Anritsu—now in our ninth generation providing handheld Vector Network Analyzers (VNAs) that take
the precision of a test lab into the field. Only Anritsu offers you:

e 350 us sweep speed—over twice as fast as any other handheld VNA.
e Full performance over the specified temperature range to +55° C, even while
battery powered.

Best dynamic range across a wide range of frequencies—over 100 dB at 3 GHz
and greater than 85 dB at 20 GHz.

e Best handheld spectrum analyzer dynamic range — greater than 116 dB!

Anritsu’s VNA Master™ family is made in the USA, by the company that pioneered the
handheld VNA. Why would you choose anything else? Find out more and download our
complimentary field guide, Advanced VNA Cable Measurements.

Download it now at www.anritsu.com/en-us/analyzers

Call 1-800-ANRITSU to place an order or schedule a demo, or
visit www.anritsu.com.

Sales Offices: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1552-433433

m
Japan 81 (45) 223-1111, Asia-Pacific (852) 2301-4980, South America 55 (21) 2527-8922, A n rl tsu
www.anritsu.com, ©2012 Anritsu Company



Industry’s Leading Solid-State, Variable Attenuvators
Offering a complete line of High Performance Solid-State Attenuators to 40GHz

Amplifiers
Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s
Filters

Form, Fit & Function
Products

Hybrids, Dividers &
Couplers

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

1/1Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

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

New Cutting Edge, State-Of-The-Art Designs

Featuring the Industry’s Best Performance:
* |OMHz to 40GHz Frequency Ranges

* Very Low Insertion Loss

* Excellent Frequency Flatness

* Excellent Attenuation Accuracy

* Analog and Digital Control

* thgh Speed

* Ultra-Low DC Power Consumption Designs
* Small Packaging

* Hermetically Sealed Models

* Custom Designs ¢ Low Quantity Requirements Accepted

Key Frequency Ranges Offered:
30MHz to 6.0GHz

| OOMHz to 40.0GHz

2.0GHz to 16.0GHz

18.0GHz to 40.0GHz

Octave and Multi-Octave Bands
covering | OMHz to 40GHz

Visit www.pmi-rf.com and click on
Solid-State Variable Attenuators
for a complete listing.

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

1S09001:2008 Certified



Introducing your one-stop resource for
subminiature passive RF parts and info!

' Working on a wireless device where ~ Xinger subminiature hybrid couplers, directional
_package-size and pérformance share couplers, power dividers, balun transformers, and
top priority? - - RF crossovers are just the tickef
» . Anaren’s Xinger Subminiature : Contents currently inclu
e RF product family is the perfect fit. > Applications notes
_And, now, that same family is supported by a single, '
jenient online information resource: Submini-Central.
ia st-growing selection

. De-embed files
> Videos & presenta

. > ’Infyo "o'n sample k
~ To learn more, visit www

s

e 22 INAren

kits now available through =~ : :

Richardson REPD! Visit @ What'll we think of next?
. E  800-411-6596 > www.anaren.com

Submini-Central to learn more!
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Multifunction | Adaptable

Int'egra»ted' ercrowme‘lve Assemblles
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Demand for ever-higher performance probably has signal processing components. Typically, these complex
you wondering how to get more out of your IMAs. IMAs are constructed with the microwave circuitry on
The answer? Pack more in! Narda's MMC (Multilayer the top side, and the control circuitry, conditioning,
Microwave Circuitry) Technology offers the most microprocessor, FPGAs and DSP circuits on the bottom.

erformance in the smallest possible footprints. ¢ ;
P ' P P The Compact Microwave Subsystem measures just

TN REe s can Lcome close, 5.75x 2.66 x 0.515 inches, holding over 60 microwave

The principle behind Narda’s MMC is simple enough. components including couplers, switches, filters,
Narda MMC uses a single multilayered printed circuit limiters, amplifiers and more. /t’s time to started
board to interconnect microwave devices (MIC, SMT, packing in more performance, with Narda’s MMC
or MMIC configurations) with bias, control and digital technology. Contact us today to learn how.
S|
E u;anng
your
Smart Phone :
or Tablet
narda
more!
Engineering, without compromise since 1954. an 19 communications company

m



The Shape Of Things To Come In The
tomotive Wor

As the auto industry reshapes itself, one company is in the forefront of EMC and RF testing; providing everything
you need to meet tomorrow’s challenges. AR has high, medium & low power amps for whole vehicle,

subsystem, component and interoperability testing. And AR amps have the performance,

i dependability and quality to cut any testing job down to size.

Now we're creating amps with “subampability,” the ability to add power as needed and when
additional budget dollars are available. With over three decades in automotive testing, AR is the number one
source for everything from amplifiers and power-matched accessories to complete test systems.

Our RF Conducted Immunity test system tests to automotive specs with an unmatched level of reliability,
flexibility and ease of use. The PL7004 pulse laser probe is designed specifically for use in measuring radar pulsed electric fields
for the 1.2-1.4 & 2.7-3.1 GHz bands. Everything we do makes testing easier, more accurate and more cost-effective.

AR supplies a multitude of unique RF solutions to companies around the world — including the major automobile
manufacturers. Our limitless support network is second to none, and everything we sell is backed by the most comprehensive
warranty in the industry.

For any EMC/RF test on the entire vehicle or any of its parts, one company will always reflect well on your business, AR.

www.arworld.us/automotive R
1SO 9001:2008

_ Certified

tf/microwave instrumentation
Other @t divisions: modular 1f © receiver systems e ar europe

USA 215-723-8181. For an applications engineer, call 800-933-8181.
In Europe, call ar United Kingdom 441-908-282766 * ar France 33-1-47-91-75-30 * ar Benelux 31-172-423-000

www.arworld.us
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82 Real-Time Analyzers
Grab 50-GHz Signals
A new line of high-speed, broadband
spectrum analyzers boasts excellent

sensitivity and capture bandwidths of
85 and 160 MHz.

28 Company News
Of Contents 34 R&D Roundup
13 Editorial 36 Microwaves In Europe
18 Feedback 80 Application Notes
20 News 95 Advertiser’s Index
26 People

32| Inside Track
Eran Eshed, Co-Founder of Altair Semiconductor,
discusses the future of LTE.

39| Amplifiers Draw Upon Variety Of Technologies
Many different device technologies are employed for
gain in RF, microwave, and millimeter-wave amplifiers.

44| rF ESSENTIALS
Automobiles Racing To Higher Frequencies

Wireless technologies are helping to boost the
convenience and safety of modern automobiles.

48| INDUSTRY INSIGHT
Handling The Heat In RF/MW Circuits

Thermal management of circuits is growing more
challenging thanks to rising power densities.

DESIGN FEATURE

52| Source Serves FMCW Radar
DDS technology can provide the agility needed
to drive these high-performance radar systems.

60| Phased-Array Antennas

Aid Wireless Communications

The use of hardware-based NIMO techniques can improve
the performance of a wireless communications system.

64| Optimize Varactor-Tuned Oscillators
This simple model helps to understand the tuning
sensitivity and linearity of a varactor diode.

68| Measure Noise Without A Calibrated Source
A variation of the Y-factor method can be used to achieve
accurate noise-figure measurements.

76| Helical Antenna Links GSM/UMTS

This compact, circularly polarized, dual-band
antenna provides notable bandwidth.

86 | PRODUCT TRENDS
Vacuum Devices Drive High Powers

Vacuum electron devices are still unmatched
by solid-state devices for their output power.

92| New Products
We spotlight the newest, cutting-edge offerings.

Penton

Design Engineering & Sourcing Group

SPECIAL SECTION

Ile[enfa .
E Bc rnnlﬂs Starts after p. 88

Microwaves&RF | visit www.mwrf.com




PHASE STABLE T

d gnedfor rugged
d oor applications. Each
otected with flexible, SPIRAL-
Steel armor coated with extruded
nnector ends are sealed and encapsu-
ure injection-molded polymer strain relief.

Rosenberger Rmor™ cabl
environments for ind
shielded coaxial ca
wound 304 Stain|
Polyurethane, Tt
lated with ¢

DESCRIPTION

50 +/- 1 Ohms
DC to 70 GHz
14 dB minimum up to 70 GHz
.67 dB/ft @ 10.0 GHz

78 % nominal

24.7 pf/ft. nominal
<-90dB

1000 Vrms

+/- 03dB & +/- 1° @10GHz

HROUGH 70GHz

d technology provides
| resistance, RF

This combination of ma
superior ruggedization, enviro
shielding effectiveness and sta
vibration.

Additional connector interfaces and armor/t
are available on request.

092 inches nominal
.250 inches nominal

Cable jacket & armor outer diameter:

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

Mating torque: 7-10 inch pound:

MATERIALS AND FINISHES
Armor type:

Connector environmental testing:

Connector interface dimension;

Note: Cable assemblies also available with interfaces such as 1.85mm, 2.4mm, 2.92mm, SMA +, SMA, N.

~Siop 70.0000 GHz ||| Chi: Start 43.7227 bt

Example of typical 36 inches assembly up to 70 GHz

70.0000 Gtz |

RFMW is the exclusive stocking distributor for Rosenberger’ Connectors and Cable Assemblies
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

W




Enabling the Mobile Experience

The future is mobile. And mobility means the freedom to innovate, communicate, connect
and win. The explosion of data streaming to mobile devices is creating exponential

growth in bandwidth requirements on today’s already-overtaxed networks. At NXP, we're
committed to helping enable the mobile experience for users across industries and across
the globe by freeing your RF designs of performance barriers. We're helping optimize the
global wireless infrastructure to drive your success with silicon RF technology that is smaller,
lighter, affordable, rugged and highly efficient.

\

Integrated multi-stage
base station LNA
with lowest NF

LDMOS power transistor with
extended video bandwidth
and Doherty efficiency

www.nxp.com/unleash-rf



FIERS
Gain (@8) MIN  Noise Figure ()  Power-out @18 3rd Order ICP
2 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm
1.0 MAX, 0.7 TYP.  +10 MN
1.1 MAX, 0.95TYP  +10 MIN
.3 MAX, 1.0 TYP +10 MIN
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+10 MIN
+10 MIN
+10 MIN
+22 MIN
+30 MIN
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+30 MIN
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+30 MIN
+10 MIN
+20 MIN
+24 MIN
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y Range  Output Power Ra
.0-4. -28 to +10 dBm +7 to +11 dBm
(LA26-8001 .0-6. -50 to +20 dBm +14 t0 +18 dBm
(l1A712-5001 7.0-12. -21 t0 +10 dBm +14 t0 +19 dBm
(l1A618-1201 6.0-18. -50 o +20 dBm +14 to +19 dBm

EGRATED GAIN ATTENUATION
Model No. Gain @) MIN  Noise Figure @8)  Power-out @P1B
CA00T-251TA  0.025-0. 0 +12 MIN
(CAD5-3 : 5 +18 MIN
(A56-3 +16 MIN
+12 MIN
-4 7515, : . +16 MIN
18-41 .0-18.0 . . +18 MIN
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain (@8) MIN
- 0.01-0.10 18 . : +10 MN
.04-0. : +13 MIN
+23 MIN
+17 MIN
+20 MIN
+25 MIN
+15 MIN +25 dBm
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13 Greenray Industies, Inc.

It’s like winning the Masters.

-20.00dB¢/Hz {Smo}

5000
-£0.00

-70.00

’ -20.00
90,00
1000

& -110.0
1200

* 1300

& 1400 Quiescent
1500
1600

- 4700

4 4800 95

On Saturday.

Because when your Competitive Advantage
. s Measured in Orders of Magnitude, -
¥ Wmmng is Easy.

, 20Hz t0 2kHz

5
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And Greenray’s T1300 TCXO is all
the proof of concept you need.

_The g-Sensitivity standard for the -
t1300 is <0.07ppb per g. That's 7x10:"

~per g of applied acceleration force.

And with typical performance now 5; '
exceeding 0.05ppb per g or better, *
this compact, low-powver, signal i
source represents a major break-

through for TCXO performance. §

the potent:al for enhanced phase
noise performance for both defense
and commercial applications, includ-
ing position/location apps, portable
and hand-held instrumentation,
SARSAT and GPS.

So whether you're surveying remote
runways (or fairways), or monitoring

~ glacial movement — remotely — don’t

let noisy or lost signals ruin your game.

. Talk to a Greenray engineer about putt-

And it’s just one more example of  * .

Greenray’s commitment to re-define
frequency control performance.

The T1300, with its ruggedized, MIL- | &

spec, hermetic-seal package, offers

i
&

ing one of our high- performance signal
ource options to work for you.

717.766.0223 — and let us tee
one up for you today.

]

frequency control solutlons

Visit www. &r&nraymdustnes com to find out what our
engineers 30 when they're not chasing one of these. *

¥y
1

-



ore Q. Less Cu

These tiny new air core inductors
have the highest Q and current handling
in the smallest footprint.

§ f<183mm>f |

Coilcraft’s new SQ air core inductors have unmatched Q
factors: most are above 200 in the 1-2 GHz range! That’s 3
times higher than comparably sized 0805 chip coils.

0 w And with their extremely low

DCR, they can handle 4 to 8 times
more current: up to 4.4 Arms.

SQ air core inductors are perfect
for your LC filter and RF impedance
i matching applications. They come in
" e 15 values ranging from éite 27.3 nH,
Q factors are 3X higher than -~ all with 5% tolerance.

Standard chip inductors These coils

are significantly smaller than exist- “
ing air core inductors. We reduced
N
&

Q Factor -
o

the footprint by using close-wound

construction and keeping the leads

close to the body. The square shape

cuts the height to as low as 1.5 mm k

and creates flat top and bottom sur-

faces for easy automated handling

and stable mounting.

See how the ultra-high Q and

The square shape and narrow foorint. - ©UTTeNt handling of Coilcraft’s

reduce board space by 60-75% over ~ mew SQ air core inductors can
conventional air core inductors. maximize the p erformance of

your next design. For complete specifications and free

evaluation samples, visit www.coilcraft.com/sq

il

www.coilcraft.com 800/322-2645




DAVID A. HALL

ALSO, BE SURE
CHECK OUT THESE
OTHER RECENT
ARTICLES IN OUR
CONTRIBUTED
TECHNICAL EXPERT
SERIES.

Visit www.mwrf.com/
community/contributors.

NG CHEN BOB NELSON

MEET THE CHALLENGES

OF TESTING EIGHT-
ANTENNA LTE

KANG CHEN—
Senior Applications
Specialist,
Spirent Communications

DEMYSTIFY
INTEGRATED-PHASE-
DEVIATION RESULTS

IN PHASE-NOISE
MEASUREMENTS

BOB NELSON—

Product Support Engineer,

Agilent Technologies

THE EFFECT OF MOORE’S LAW
on RF Instruments

INTEL CO-FOUNDER GORDON E. MOORE once observed that the maximum
number of transistors per square inch of integrated circuit doubles about ev-
ery two years. In this Web-exclusive article, National Instruments’ David A. Hall
explains how “Moore’s Law” has revolutionized the modern RF instrument—
enabling new advancements in intermediate-frequency and baseband circuitry,
as well as signal processing.

To read the article in its entirety, go to http://mwrf.com/test-amp-measurement/effect-moore-s-
law-rf-instruments.

REVISIT IMS2012

The 2012 installment of the RF/micro-
wave industry's flagship event, the International
Microwave Symposium, has come and gone. Luck-
ily for you, it needn't live on just in memory. Visit
www.mwrf.com to check out our show coverage,
as well as www.engineering tv.com to view exclu-
sive videos from the show floor.

engineer|

NEWS UPDATES Sent To Your Desktop

Don’t believe everything you read, unless it’s in the
latest issue of Microwaves & RF UPDATE. The industry’s
longest-running weekly e-mail newsletter, it combines in-
sightful commentary with the lafest product and industry
business news. It is sent directly to your computer deskiop
each week, and often contains the litfle things that en-

‘ gineers love, such as links fo free white papers and even
design software. If you're not already reading it, subscriptions are free, and available
from the Microwaves & RF website at www.mwrf.com.

%%@%E@’%Eﬁ

MONTREAL

Ng g4 v

{ TOP 20 ARTICLES |

MWRF.com has archives of print and online articles dating back
to October 2002. Visit mwrf.com today and click the "Back Issues”
link. And while you're faking a look around the site, click on "Product
Directory” to gain access to our complete directory of products and
suppliers.




$Q)19
from gea,(qt:.T-Q) DC TO 18 GHZ

Get the performance of semi-rigid cable, and the versatility
of a flexible assembly. Mini-Circuits Hand Flex cables offer the
mechanical and electrical stability of semi-rigid cables, but they’re
easily shaped by hand to quickly form any configuration needed
for your assembly, system, or test rack. Wherever they’re used, the
savings in time and materials really add up!

Excellent return loss, low insertion loss, DC-18 GHz. Across
their entire bandwidth, Hand Flex cables deliver excellent
return loss (>26 dB typ for up to 50" runs) and low insertion
loss (0.2 dB typ at 9 GHz for a 3-inch cable). So why
waste time measuring and bending semi-rigid cables,

Hand Flex Cables conform to
any shape required.

Two popular diameters tofit your needs.
Hand Flex cables are available in 0.086" or 0.141" diameters,
witha turn radius of 6 or 8 mm, respectively. Straight SMA
connectors are standard, and now we’ve added right-angle
connectors to our Hand Flex lineup, for applications with
tightly-packed components.

Standard lengths in stock, custom models available.
Standard lengths from 3 to 50" are in stock for same-day shipping.
You can even get a Designer’s Kit, so you always have a few on
hand. Custom lengths, or two-right-angle models, are also available
by preorder. Check out our website for details, and simplify your

when you can easily install a Hand Flex interconnect? high-frequency connections with Hand Flex!  (9RoHS compliant

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

- - - ] ®
[ JMini-Circuits
ISO 9001 I1SO14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

&,}.‘ﬂz The Design Engineers Search Engine finds the model you need, Instantly + For detailed performance specs & shopping online see mmiﬁutls.cw

U.S. Patents
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Drone Debate Continues

N THIS MONTH’S “News” section, we highlight a portion of the jobs that are expect-

ed to be added as a result of the uptick of unmanned-aerial-system (UAS) develop-

ment and deployment throughout the US. By 2025, the Association for Unmanned
Vehicle Systems International (AUVSI) expects more than 100,000 new jobs to be cre-
ated nationally. Amid the continuing economic slump afflicting the US, new jobs are a
sign of recovery and hope. And in many situations, such as forest fires, drones can be
critical to containment and even rescue efforts. Yet a storm has erupted over the use of
drones, due to concerns over privacy, public safety, political corruption, government
abuse, human-rights violations, and more.

Simply put, their small size and stealthy nature make it possible for drones to go places
undetected. They do not need a declaration of war to cross a border and take out an
enemy. In fact, they make it possible for leaders to commit acts of war without taking any
credit for them—which means that such acts may not have to be justified to the public. On
the home front, drones are expected to become nearly ubiquitous—eliminating civilian
privacy in the process. Individuals worry that we will get used to living in a constant state of
surveillance, potentially surrendering our privacy for promises of safety and progress.

No matter what the intended use is for drones, the fear is that the people who have the
power to control them are abusing that power and will continue to do so. Given the his-
tory of humanity, that is a well-founded fear. It also reflects the feelings—or suspicions—
of much of today’s inactive voting-eligible population in the US. These individuals largely
say that they feel far removed from politicians, who they suspect answer to campaign
donors, lobbyists, and big businesses instead of serving the general population.

In the article, “Can Voters Fight Domestic Drones At The Ballot Box?,” which was post-
ed on The Atlantic on April 1, author Conor Friedersdorf quotes Glenn Greenwald, a col-
umnist for The Guardian: Greenwald “argues that opposing a future of ubiquitous drone
surveillance by the government ‘may be one area where an actual bipartisan/trans-par-
tisan alliance can meaningfully emerge, as most advocates working on these issues with
whom I've spoken say that libertarian-minded GOP state legislators have been as respon-
sive as more left-wing Democratic ones in working to impose some limits.” Friedersdorf
adds: “Federal limits on drone surveillance, like the warrant requirement before Congress,
ought to be aggressively advocated by everyone who perceives the costs of failure.”

It seems that the drone controversy, which became a hot topic over the last couple
of years, has continued to gain momentum. Drones will be widely deployed in US air-
space in 2015. For the first time since cell towers were met with a “not in my backyard”
response, a segment of the microwave industry is mired in controversy. It will be inter-
esting to see how it pans out, as the result will be largely symbolic of how much this
country is willing to accept technology’s place in citizens’ everyday lives. Should some
of the current anti-drone legislation efforts prove successful, we also may not get quite
the booming job market that we expected. MWRF

Hsy X Foadink
g Editor-In-Chief

Harmonic (Comb)
Generators
for Output 0.1 to 50 GHz







SPLITTERS/
- COMBINERS

from2 I(HZ fo ’8 GHZ Wiia 7 .

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!

RoHS Compliant
Product availability is listed on our website.

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

M - = - - ®
[JMini-Circuits

I1SO 9001 [SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

&”ﬂlz The Design Engmeers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see Miniciﬁuils-oo%m»
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PROBING FOR
PORTABILITY

Your March 2013 issue, in par-
ticular, the Product Feature on
the new pair of real-time spec-
trum analyzers from Tektronix
(www.tek.com), was of great in-
terest to me. The measurement
capabilities of these two instru-
ments—model RSA5115A, with
afrequency range of 1 Hz to 15
GHz, and model RSA5126A,
which operates from 1 Hz to
26.5 GHz—is quite impres-

sive for anyone working in
communications and with RF/
microwave signals.

Your all-too-brief write-
up/review on these analyzers
brought back fond memories
of the firm’s models 492P and
494P portable programmable
spectrum analyzers. Although

notreal-time analyzers,

they were ruggedly built and
designed for portability, with
their large carrying handles
and their rechargeable bat-
teries. In their time, the 492P
and 494P portable spectrum
analyzers could be found at
quite a large number of remote
test sites, antenna towers, and
in communications-industry
repair vehicles. It is safe to say
that those analyzers were an
important part of cellular and
other wireless communica-
tions systems achieving their
reputations for performance
and reliability.

But, in spite of your efforts
to provide a “Product Fea-
ture” on the RSA5115A and
RSA5126A analyzers, there was
nothing in your review about

whether these were portable
instruments or not. Many of
the applications for me and my
associates require that a mea-
suring instrument be brought
to a test site and operated
under its own power. Although
the picture that was included
in your report appears to show
carrying handles on both sides
of the RSA5126A’s enclosure,
your article never mentions
portability, or whether the
analyzers can run on a battery
pack, or even the carrying
weight of each instrument. I
would hope when you “fea-
ture” a product in the future
that you would include more of
its vital features for the benefit
of your readers.

DR. SIMON MAQUEDA

BLOOMINGBURG, NY

EDITOR'S NOTE
The editors of Microwaves &
RF certainly appreciate your
readership and opinions.
Unfortunately, as you noted,
itis not possible to cover
every detail on a new instru-
ment in a one-page story.
To answer your query,
these analyzers are not the
portable instruments like
their predecessors, the 492P
and 494P, since they weigh
64.7 Ibs (29 kg). And they are
designed for AC power, not
battery. But they do include
carrying handles to simplify
transport and relocation,
and they carry impressive
measurement capabilities
(more information about
which can be gleaned from
Tektronix’s website).
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LTHOUGH 1/f (OR “PINK” OR “FLICKER”) NOISE

was first discovered in vacuum tubes in 1925, it has

been found everywhere from human heart rates to

electrical currents in materials and devices. In most
material systems, however, its origin has remained a mystery.
In electronics in particular, the ques-
tion was whether 1/f noise was gen-
erated on the surface of conductors
or inside them. At the University of
California, Riverside Bourns College
of Engineering, a professor and a team
of researchers claim to have solved the
1/fnoise problem.

This noise is actually a signal or pro-
cess—one with a power spectral den-
sity that is inversely proportional to the
frequency. It is a key factor in electronics, impacting electronic
device size and more. In a radar or communication device like
a smartphone, for example, the signal’s phase noise is largely
determined by the 1/f noise level in the transistors used.

The team of researchers hailed from UC Riverside, Rens-
selaer Polytechnic Institute (RPI), and the loffe Physical-
Technical Institute of the Russian Academy of Sciences. The
group was led by Alexander A. Balandin, Professor of Electrical
Engineering at UC Riverside. The researchers were able to
answer questions on 1/f noise origin using a set of multi-
layered graphene samples with thickness that continuous-
ly varied from around 15 atomic planes to a single layer of
graphene (see figure).

T2

Source Of ow--FeunC 1/f Noise

Using multi-layered graphene
samples, this team of researchers

has figured out what causes low-

frequency electronic 1/f noise. They
{ were led by Alexander A. Balandin,
who is shown in the center (wearing
the blazer). (Photo courtesy of Prof.
A.A. Balandin, UC Riverside.)

According to Balandin, previous studies could not test metal
films to thicknesses below about 8 nm. Graphene is 0.35 nm
thick. In addition, it can be increased gradually—one atomic
plane at a time. He emphasized that this study was essential
for the proposed applications of graphene in analog circuits,
communications, and sensors.

In addition to Balandin, who also
serves as the Founding Chair of the
Materials Science and Engineering
Program at UC Riverside, the team of
researchers included Guanxiong Liu,
Sergey Rumyantsev, and Michael S.
Shur, among others (see photo). The
results of the research have been pub-
lished in the journal Applied Physics Let-
ters under the title: “Origin of 1/f Noise

Pictured is a in Graphene Multilayers: Surface vs.
microscopy image Volume.”
of the graphene The research at UC Riverside was

device used in the supported, in part, by the Semiconduc-
tor Research Corp. and Defense Ad-
vanced Research Project Agency (DAR-
PA) through the Center for Function
Accelerated nanoMaterial Engineering
and the National Science Foundation.
The work at RPI was supported by the
US NSF under the auspices of I/UCRC
“CONNECTION ONE” at RPI and by the

NSF EAGER program.

1/f experiments at
the University of
California, Riverside.
(Image courtesy of
Prof. A.A. Balandin,
UC Riverside.)
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Photonics Modulator

Reaches 60 Gb/s

OGETHER WITH Fuji-
Tkura Ltd. (www.fujikura.
co.jp), researchers from

Singapore’s A*STAR Institute
of Microelectronics (IME; www.
ime.a-star.edu.sg) have debuted
40- to 60-Gb/s silicon-based
optical modulators. The modula-
tors boast advanced multilevel
modulation formats for high-
speed, long-haul data transmis-
sion. In doing so, they bring
the industry closer to attaining
low-cost, ultra-high-bandwidth
and small-footprint optical com-
munications on silicon.

Each modulator consists of
a set of silicon phase shifters,
which are integrated in a nested
Mach-Zehnder configuration. In
terms of multilevel modulations,
the modulators rely on simple
quadrature-phase-shift-keying
(QPSK) and differential-QPSK
(DQPSK) formats. The result is
increased information capac-

VIARK
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Top 10 states projected to gain jobs and revenue from
unmanned aircraft systems (UASs) from 2015 to 2025:

e 550 nmi

Quadrature
o

- % *

1.5 10 0.5 - o [
Inphase

ity, which creates more data-
communication throughput for a
given optical channel.

The modulators have demon-
strated communication speeds
of more than 40 and 60 Gb/s for
DQPSK and QPSK, respectively.
For channel grid spacing of 50
GHz, for example, 40G DQPSK
results in a spectral efficiency
that is 2X that of 20G with con-
ventional on-off keying (OOK)
format. These new modulators
are smaller than conventional
lithium-niobate modulators. Be-
ing CMOS-compatible, they also
are less expensive to fabricate.

1 California 18,161
2 Washington 9967
3 Texas 8256 4
4. Florida 4803 i
5 Arizona 4260 '
6 Connecticut 4084 %,S
7 Kansas
8 Virginia
9. New York 336
10. Pennsylvania

This is according to economic data from the Asso
ciation for Unmanned Vehicle Systems Internationa
(AUVSI), which estimated the jobs that would be created
by the unmanned aircraft industry following the integration
of unmanned aircraft systems into the US National Airspace
System (NAS). Integration is scheduled to take place in 2015. By
2025, AUVSI estimates that more than 100,000 new jobs will be cre-
ated nat|onal|y To see the full report, go to http://www.auvsi.org/econ

report.

STANDARDSUPDATE

oTo ensure that its consumers enjoy a uniform
wireless power experience, PowerKiss (www.
powerkiss.com) is joining the POWER MATTERS
ALLIANCE (PMA; www.powermatters.org).
PowerKiss currently provides over 1000 wireless
charging spots atlocations across Europe.

oTHE ALLIANCE FOR WIRELESS POWER
(A4WP; www.adwp.org) has welcomed Sam-
sung Electro-Mechanics, Gill Industries, and
Integrated Device Technology (IDT) to its
board of directors. These companies join A4WP
Co-Founders Qualcomm, Inc. and Samsung
Electronics to expand smartphone market-seg-
ment representation and impact on the A4WP
board. Earlier this year, the group approved
the Alliance for Wireless Power Version 1.0
interoperability specification and demonstrated
prototype products.

oTHE WI-FI ALLIANCE (www.wi-fi.org) and
WIRELESS GIGABIT (WIGIG) ALLIANCE have
finalized the agreement defining the consoli-
dation of WiGig technology with certification
development in the Wi-Fi Alliance. Essentially,
the Wi-Fi Alliance will continue work begun in
the WiGig Alliance, which focuses on features
that extend WiGig capabilities beyond baseline
connectivity. The consolidation of activities in
the Wi-Fi Alliance will deliver closely harmonized
connectivity and application-layer solutions us-

~ ing WiGig technology. Early 60-GHz implementa-

tions based on the WiGig specifications are now
entering the market.

«THE ZIGBEE ALLIANCE (www.zigbee.org) an-
nounced the completion and public availability
of its third specification, ZigBee IP. As an open
standard for an IPv6-based full wireless-mesh-
networking solution, ZigBee IP promises to
provide seamless Internet connections to control
low-power, low-cost devices. The specification
enhances the IEEE 802.15.4 standard by adding
network and security layers as well as an applica-
tion framework.

¢THE PCI-SIG (www.pcisig.com) and MIPI AL-
LIANCE (www.mipi.org) have begun procedural
reviews of the Mobile PCI Express (M-PCle)

. specification. The new specification enables the
PCI Express (PCle) architecture to operate over
the MIPI M-PHY physical-layer technology. In
doing so, it extends the benefits of the PCle I/O
standard to mobile devices.



News

Eindhoven Is Proving Ground For Improving Traffic

S AUTOMOBILES ARE designed
with more intelligence, they can
hare what they “know” to improve
traffic safety. In a 12-month smarter-traf-
fic trial in Eindhoven, The Netherlands,
IBM (www.ibm.com) and NXP Semicon-
ductors (www.nxp.com) demonstrated

how the connected car can automatically
transmit braking, acceleration, and loca-
tion data. Such data can be analyzed by
the central traffic authority to identify and
resolve road network issues.

During the trial, IBM, NXP, and their
partners equipped 200 participating cars
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« Joint Tactical Radio System

- Internet routing in space

dEBmCorp, Inc

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

www.dbmcorp.com

Relying on this telematics chip,

analytics, and communications
capabilities, connected-car technology
showed that it can share vehicle data
that will help traffic officials identify
and resolve road network issues.

with a device containing the NXP telemat-
ics chip, “ATOP” (see figure). It gathers
relevant data from the car’s central com-
munication system using the automotive
controller-area-network (CAN) bus. Rele-
vant sensor data, such as indicators of pot-
holes or icy roads, was collected in-vehicle
and transmitted to the cloud-enabled IBM
Smarter Traffic Center.

Using IBM analytics, raw data from the
vehicles highlighted 48,000 incidents over
aperiod of six months from 1.8 billion sen-
sor signals. Incidents included heavy rain,
black spots, and fog, among others.

RFMD Changes
GaAs Strategy

ANUFACTURING WILL SOON

be phased out at RF Micro De-

vices, Inc.’s (RFMD; www.rfmd.
com) Newton Aycliffe, UK-based gallium-
arsenide (GaAs) pseudomorphic-high-
electron-mobility-transistor ~ (pHEMT)
facility. Most GaAs manufacturing will
be transitioned to the company’s GaAs
heterojunction-bipolar-transistor (HBT)
manufacturing facility in Greensboro, NC.
RFMD will partner with leading GaAs HBT
foundries for additional capacity.

The transition will occur over the next
9 to 12 months to support existing mil-
limeter-wave customer contracts. Once
implemented, RFMD expects annual cost
savings of approximately $20 million.

The Newton Aycliffe GaAs pHEMT fa-
cility had been RFMD’s primary source for
cellular switches. In recent years, howev-
er, the firm has transitioned to higher-per-
formance, lower-cost silicon-on-insulator
(SOI) switches. REMD is currently seeking
a buyer for the Newton Aycliffe facility.
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For rugged, reliable, and repeatable attenuation when accuracy
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Counterfeit Standard Singles Out Distributors

CCORDING TO A 2011 Senate
AArms Services Committee esti-
mate, counterfeit parts are costing
US taxpayers more than $6 billion a year.
To address the problem of counterfeit

electronic components infiltrating the
defense supply chain, the Internation-

al Electro-technical Commission’s
Quality Assessment System (IECQ)
for electronic components has
been proposed. This certification,
dubbed AS6081, targets indepen-
dent distributors.

The AS6081 international counter-

QuickSyn°®

A Clean, Fast, Affordable
Frequency Synthesizer in a Handy Package
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Tel: 408-428-1000
Fax: 408-428-1500
Web: www.phasematrix.com

Phase Matrix, Inc.

A National Instruments Company
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feit-avoidance standard
mandates oversight by
third-party  auditors.

To ensure that testing

is performed when re-

quired, the certification

demands transparency

between the distributor and

the procurement department purchas-
ing the electronic components.

The SAE AS6081 standard ensures
uniform requirements, practices, and
methods to mitigate the risk of distribu-
tors purchasing and supplying coun-
terfeit electronic parts throughout the
defense and aerospace supply chains.
This Counterfeit Avoidance Process
Certification program is administered
by the IEC IECQ based in Geneva, Swit-
zerland. Secure Components LLC (www.
securecomponents.com) is the first firm
to complete an audit by DNV, which cer-
tified that this distributor conforms to
the AS6081 Counterfeit Avoidance
Standard. The first phase of the Secure
Components audit was witnessed by
ANAB, the IAF MLA signatory accredita-
tion body of the US.

MARTIN COOPER— The industry legend, who
led the engineering team that developed
the first mobile phone, has been award-
ed the Charles Stark Draper Prize by the
National Academy of Engineering (NAE).
On April 3, 1973, Cooper—at the time,
General Manager of Motorola’s Commu-
nications Systems Division—became the
first person to successfully make a hand-
held cell-phone call in public. The award,
the NAE's highest honor, was presented
at a ceremony in Washington, DC.
CASCADE MICROTECH—Has been named an
Oregon Technology Award finalist in the
Technology Company of the Year — En-
terprise category. The award will be pre-
sented on April 25.

PEREGRINE SEMICONDUCTOR — Chief Financial
Officer Jay Biskupski has been named CFO
of the Year (Public Company) by the San
Diego Business Journal. He was one of
45 nominees across four categories.

Anril 2012 | Mienawavee2RF
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News

Industry Mourns Loss Of Jerry Fishman, ADI CEO

nalog Devices (www.analog.com) has forayed its signal-processing excel-
Alence into new capabilities across markets ranging from cellular to medi-

cal, entertainment, and automotive. Since 1996, much of these efforts were
spearheaded and inspired by Chief Executive Officer (CEO) Jerry Fishman. Fish-
man was known for inspiring ADI employees with humor, honesty, and an open,
direct manner. On March 28, Fishman passed away after an apparent sudden
heart attack. He was 67 years old.

Many of today’s veteran ADI employees were preceded by Fishman, who
joined the firm in 1971 with a role in product marketing. He enjoyed a number of
promotions through the years before being named President and Chief Operat-
ing Officer (COO) in 1991. In 1996, Fishman was named President and CEO.

In accordance with the company’s bylaws, ADI President Vincent Roche has
been appointed CEO on an interim basis by ADI's Board of Directors. Relying on
the existing leadership team, Roche is hoping to seamlessly manage this dynamic
business. The thoughts and prayers of the staff of this magazine—and many in
the industry—go out to the Fishman family, as well as to Mr. Fishman'’s extended

21

family at ADI.

[peopLe [
MAURY MICROWAVE—ZHANG NIANMIN
has been named General Manager of the
company’s newly opened regional head-
quarters in Beijing, China. Nianmin previ-
ously worked for Agilent Technologies as
a Sales Engineer, Market- | 4

ing Engineer, and Business
Development Manager. In
addition, YANG DONGLIANG
has joined the company as a
Senior Applications En-
gineer based out of the Beijing office.
Dongliang previously worked as an RF
Engineer at Ericsson.

RAYTHEON €O0.—DR. THOMAS A. KENNEDY
has been appointed Executive Vice Presi-
dent, Chief Operating Officer by the firm’s
board of directors. Kennedy previously
served as Raytheon’s Vice President and
President of Integrated Defense Systems.
LEMKO CORP.—Has appointed NORMAN
FEKRAT Chief Strategy and Revenue Offi-
cer. Prior to joining Lemko, Fekrat served
as a Vice President and Partner at IBM
Global Services with responsibility for

DONGLIANG

Telecom Networks Solutions.

CTIA-THE WIRELESS ASSOCIATION—DEBBIE
MATTIES has joined the organization as
Vice President of Privacy, a newly created
role. Matties was previously Senior Attor-

ney Advisor for Consumer Protection to
former Federal Trade Commission (FTC)
Chairman Jon LemBowiTz. In addition,
HEATHER BLANCHARD has been named
Director of Wireless Internet Develop-
ment (WID). Blanchard formerly served
as a Strategic Communications Consul-
tant for New Cicada.

LADYBUG TECHNOLOGIES—ORwiLL HAaw-
KINS has been named Vice
President of Marketing.
In addition to this role,
Hawkins has served as
President for Inter-Pac,
Inc. for more than 25 years.
BOEING—Has appointed GREG HysLop
Vice President and General Manager of
Boeing Research & Technology. Hyslop
most recently served as Vice President
and General Manager of Boeing Strategic
Missile & Defense Systems (SM&DS). Re-
placing him in that role is Jim CHILTON,
who was previously Vice President and
Program Manager for Boeing’s Explora-
tion Launch Systems office.

E-CYCLE MOBILE—Co-Founder and Chief
Executive Officer CHRISTOPHER IRION has
been recognized as one of 2013’s Pros
to Know by Supply & Demand Chain
Executive magazine.

HAWKINS

April 2013 | Microwaves&RF
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Defense RF amplifiers. High integration
level for enhanced performance.

Thales Defense Transmitters are designed to meet armed forces requirements. Thales has been a trusted name
in transmitters for 40 years and their credentials as a world-leading manufacturer of RF and microwave tubes for
high-tech markets were first established 60 years ago. Thales has evolved its product line to remain leading-edge

and innovative across the years to the constant competitive advantage of its customers. Highly efficient,
fully integrated, Thales Defense transmitters operate with proven reliability in the field.

A complete range of transmitters,
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In addition to proven quality and ruggedness,
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designs essential for airborne installation, to
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Thales product solutions also ensure the

perfect integration of each transmitter into
the customer's own system architecture.
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designed for air-borne and surface
radar applications.

TH24025
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Very high power output transmitters suited to
surface radars, both land-based and ship-borne.

Contact Thales:
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CompanyNews

| CONTRACTS |

RELM Wireless—Has received orders from munici- RELM thetic-aperture-radar (SAR) application.

pal public-safety agencies totaling approximately WIRELESS Cambium Networks—The company’s PTP 45600 radio
$899,000. The agencies are purchasing digital radios, Wins multiple has been chosen for the US Air Force’s Theater Deploy-
base stations, and related accessories, which are col- public-safety able Communications (TDC PMO) program. The radio
lectively intended for deployment in fire and law- __,_"_rﬂe’f‘,_,_: will be used to provide voice, video, and data functions
enforcement applications. CAMBIUM for both deployable warfighters and first-response mis-
NuWaves Engineering—Has been awarded two con- | NETWORKS | sionsworldwide.

tracts in support of unmanned-aircraft-system (UAS) Nets Air Force RFMD—Has been selected by an undisclosed smart-
data-link range-extension programs. The awards—both radio deal phone manufacturer to supply multiple third- and

from undisclosed US Department of Defense (DoD)
prime contractors—include developmental work to customize
NuWaves' power-amplifier (PA) modules.

Space Systems/Loral (SSL)—Has been selected by Hughes Network
Systems to build a high-capacity, Ka-band broadband satellite.
Known as JUPITER 2/EchoStar XIX, the new satellite is expected
to increase capacity for Hughes’ North American broadband
service by 50%.

Mercury Systems—Has received a $2-million follow-on order from
an unnamed defense prime contractor. The order is for digital-
signal-processing (DSP) modules intended for an airborne syn-

fourth-generation (3G and 4G) Long-Term-Evolution
(LTE) components. These components will be utilized in a 4G flag-
ship smartphone platform.

Agilent Technologies—Plextek RF Integration has selected the
company’s Momentum software to simulate high-frequency cir-
cuit and MMIC designs.

Peregrine Semiconductor—The firm’s UltraCMOS phase-locked-
loop (PLL) frequency synthesizer and prescaler devices were de-
signed into six Globalstar mobile-communication satellites. Built
by Thales Alenia Space, the low-Earth orbit satellites were
launched on February 6.

FRESH STARTS

AWR Corp.—For a fourth consecutive year,
the firm is offering its Graduate Gift Initia-
tive to graduating electrical engineering
students worldwide. This program provides
qualified graduates with free, fully func-
tional one-year licenses of AWR software.
AR—Has added a subsidiary in Germany,
known as AR Deutschland. This distributor
joins fellow European subsidiaries AR UK,
AR France, and AR Benelux.

Maury Microwave—Has opened a re-
gional headquarters in Beijing, China. This
location will offer service and support to
Maury's Chinese customer base.

National Technical Systems (NTS)—Has en-
tered into an agreement with RF Exposure
Lab, a wireless testing laboratory. RF Expo-
sure will provide specific-absorption-rate
(SAR) testing services at NTS' laboratory in
Fremont, CA.

Luso Electronics—Has signed a franchised
distribution agreement with Rhode Island-
based A.T. Wall Co. Luso will distribute
A.T. Wall's tubing components in France,
Ireland, and the United Kingdom.

Plessey Semiconductors—Atlantik Elektron-
ik GmbH has been named European sales
representative for Plessey’s full product
line. This distribution agreement includes
the regions of Central and Eastern Europe,
Scandinavia, and Turkey. In addition,
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Plessey has signed an Asian distribution
agreement with Supreme Components,
Inc. (SCI) covering the markets in Singa-
pore, Thailand, Malaysia, and Vietnam.
XMA Corp.-Omni Spectra—Has appointed
High-tech Sales as its manufacturing repre-
sentative for the New England region.
Giga-tronics—Has agreed to sell its SCPM
product line to Teradyne for approximately
$1 million. The closing of the sale was
expected to occur on or about April 1.
Vaunix—Has enlisted Amska Amerikanska
Teleprodukter as its sales representative for
Sweden, Denmark, Norway, and Finland.
GPS Innovation Alliance—Five national
organizations have joined the alliance as
affiliate members: the American Trucking
Association, the Association for Unmanned
Vehicle Systems Intemational (AUVSI), Boat
US, the National Rural Electric Coopera-
tive Association (NRECA), and the National
Society of Professional Surveyors (NSPS).
Digi-Key Corp. and MEMSIC—Have signed
a global distribution agreement. MEMSIC's
full line of MEMS sensor components, iner-
tial systems, and wireless-sensor networks

is now available for purchase through Digi-

Key's global websites.

QLP—Has opened a 5600-sq.-ft materials
laboratory in Woburn, MA. The facility will
focus on developing next-generation mate-

rials and processes for electronics

and energy-storage applications.
Coaxicom—Has added sales represen-
tatives in South America with specific
concentrations on Brazil and Argentina. In
addition, the firm is developing a network
of representatives in Europe, Asia, and
other foreign markets.

Emrise Corp.—Has purchased the building
and land that house its Pascall Electronics
subsidiary in Ryde, England.

Custom MMIC—Has appointed Castle Mi-
crowave and SM Electronic Technologies
as its technical sales representatives. Castle
Microwave will represent Custom MMIC in
the United Kingdom while SM Electronic
will fulfill that role in India.

Richardson RFPD—Has launched a website
resource focused on silicon-carbide (SiC)
technology for energy and power applica-
tions (www.richardsonrfpd.com/sicpower).
In addition to product and supplier
information, the section offers links to
technical resources.

Analog Devices—Is launching a series of
design conferences for analog, mixed-
signal, and embedded-systems engineers
in collaboration with Xilinx and MathWorks.
Two events are currently scheduled: April
25 in Boston, MA, and April 30 in Santa
Clara, CA.
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Directional/Bi-Directional

COUPLERS

$
up to 250W  rom I ez (quy. 1000

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W and frequencies
as high as 12 GHz, with low insertion loss (0.2 dB @ 9
GHz, 1 dB @ 12 GHz) and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need

5kHzto12 GHz

NO“"" 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.

a 50 or 75 Q, directional or bi-directional, DC pass or
DC block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!

See minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!
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4 Mini-Circuits
/SO 9001 [SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

rch Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minici@u
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+20 dBm Power Amplifiers wi

a choice of gain

M“)Vofe%! D C* to 7 GHZ from 94¢ea.(qty.7000)

The GVA-62+ and -63+ add ultra-flat gain to our GVA lineup,
as low as +0.7 dB across the entire 100 MHz-6 GHz band!
All of our GVA models are extremely broadband, with a wide
dynamic range and the right gain to fit your application.
Based on high-performance InGaP HBT. technology, these
patented amplifiers cover DC* to 7 GHz, with a gain
selection of 10, 15, 20 or 24 dB (at 1 GHz). They all provide
better than +20 dBm typical output power, with typical IP3
US patent 6,943,629

[JMini

1SO 9001

*Low frequency cut-off determined by coupling cap,
except for GVA-62+ and GVA-63+ low cutoff at 10 MHz.

¥eriis

W72 The Design Engin
U.S. Patents E

7739260, 7761442

eers Sea

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

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

E3 -
®
=Circuits
ISO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

rch Engine finds the model you need, Instantly + For detailed performance specs & shopping online see minici ulgsm@m/
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W WORLD’S WIDEST SELECTION

compLIANT

RoHS models available,
consult factory.

12 tO 6840 M HZ from$ 119‘2‘-5(qty-5)

Want a miniature surface mount, shielded plug-in, or custom design, challenge us with a phone call or email!
rugged coaxial voltage controlled oscillator with the right  We constantly design new models to meet new needs—
stuff for your project? Go to minicircuits.com! You'll ind so you'll get a quick response, fast turnaround times,
over 800 standard catalog models, always in stock. They're  and all at a surprisingly low price. Give your competition
optimized to meet specific requirements, from narrow, real competition...specify a Mini-Circuits VCO!

broad, or octave bandwidths to linear tuning, low phase
noise, dual output, 5V PLL/synthesizer implementation,
or size, as small as 0.25 x 0.25 x 0.1”. Selection is a
snap, even with so many models to choose from! Just :

; as well as soldered, in place
entgr your rngrements, and our patented §earch for long-term, reliable performance
engine, Yoni2, searches actual test data to find the even after multiple reflow operations.
models that meet your needs. And if you need a

All SMT components are glued, : i

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

CO-FOUNDER, ALTAIR SEMICONDUCTOR

Interview by NANCY FRIEDRICH

NF: Long Term Evolution (LTE) is becoming the dominant cellular-communications
technology being used by devices in the US. Obviously, the industry has gotten over the
initial hurdles. What issues stand in the way of full-scale deployment?

EE: This is primarily a matter of time. The competitive dynamics are such that once one signifi-
cant carrier starts deploying and achieves meaningful coverage, other carriers respond. The obvi-
ous example is the way that AT&T responded to Verizon Wireless’ aggressive LTE launch. De-
ploying cellular infrastructure is a capital-intense process and, even logistically, it takes
time. I am very much encouraged by the pace at which leading carriers deploy LTE
infrastructure in their respective markets. To note a few, there are Verizon Wire-
less and AT&T in the US; DoCoMo and Softbank in Japan; SKT and KT in Korea;
Yota in Russia; and Reliance Industries soon in India. This represents a potential
subscriber base of more than 1 billion before the end of this year.

NF: Having sold your chip to Verizon, you have unique insight into these net-
works. Beyond meeting the needs of today’s data-hungry consumers, what do
carriers hope to achieve with their increased capacity?

EE: To clarify, we achieved Verizon Wireless chipset certification. This means that
any Altair customer that wishes to develop and deploy a product on the Verizon
LTE network has a simpler and lower cost of doing so than before—and in com-
parison to alternative solutions, which are notyet certified. We will soon start see-
ing new services, such as HD voice-over-LTE (VoLTE) and video broadcast (using
LTE’s eMBMS feature), as well as various multimedia services like high-quality
video calling. Note that the push toward blanket-covering markets with LTE is
not only driven by capacity needs, but also by the desire to re-farm 3G spectrum
in favor of 4G. Doing so will lower the cost per bit and substantially enhance user
experience by means of higher speeds, lower latency, and better quality.

NF: How do additional services, such as medical applications like remote
monitoring and the control of smart homes, factor into these plans?

EE: The machine-to-machine (M2M) segment has high growth potential for
LTE. Most M2M services today are delivered over old second-generation
(2G) networks (GPRS/EDGE and CDMA). As carriers shut these networks
down, they migrate their customers onto LTE. This provides better cost/
efficiency while ensuring service longevity. These factors are very important
parameters for M2M customers that deploy a network of sensors, for example,
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and want to avoid the costs associated
with truck roles for replacing them when
carriers power off their 2G/3G networks.
NF: What do you believe are the biggest
issues still facing operators in the US?
EE: A year ago, I would answer spectrum
availability. But this doesn’t seem to be a
problem since AWS spectrum has been
auctioned. And LTE'’s ability to bond
narrow bandwidth channels into one
logical and higher-bandwidth channel
(“carrier aggregation,” in LTE terminol-
ogy) ensures that even non-contiguous
and narrowband spectrum can be fully
utilized. At the end of the day, thisisa
CAPEX question—and its answer will
help to determine the pace of deployment
and coverage.

NEF: Looking at other countries and re-
gions rolling out 4G, are they plagued by
similar problems or different ones?

EE: LTE has a very fragmented band map.
In markets that cannot guarantee an
attractive enough return on investment
for infrastructure and device vendors, the
pace of deployment may be slower. This
is not a factor of chipset capability. For

a device maker to invest in creating a
product variant that supports a certain
band combination, a minimum volume
is required.

NE: Carriers now want to offer the smart-
phone to more budget-constrained
customers so that they too will start us-
ing new data services. How can smart-
phones be made less expensive?

EE: The key here is to remove 2G/3G sup-
port from these phones and make them
LTE-only. This will eliminate the very high
costs associated with silicon—and maybe
more importantly, the royalty cost of 3G
technologies. This, of course, requires
good enough coverage and the ability to
roam between markets. We believe we
will start seeing this become a reality in
2015 and beyond.

NEF: Does Altair plan to help with

this goal?

EE: Absolutely. Our strategy is centered
on offering high-performance and very
cost-efficient LTE-only semiconductor
solutions. A smartphone based on Altair
technology and without support for 3G
can achieve disruptive price points. We

Microwaves&RF | visit www.mwrf.com

are bringing this concept to bear in mar-
kets like India, where cost is paramount.
NEF: Altair has a rather storied his-

tory. I read that your management and
technology executives were among the
founding team of Libit Signal Processing.
That fabless chip company was acquired
by Texas Instruments in 1999 for $365

“I believe you
will see devices
based on LTE-A

chipsets in the §
market in 2014.”

million. Can you explain how you got
from there to Altair Semiconductor?

EE: The core team of Altair was always
somehow involved in broadband-
communications chip development. As a
team—and under different companies—
we developed more than six broadband-
communications technologies from
concept to mass production and more
than 40 different modem and radio chip-
sets over the course of the last 15 years. In
2005, we identified the emerging trend of
mobile broadband. We decided to start
our own company to realize the potential
of this market. We then developed a chip-
set processor, which was software-centric
and allowed us to develop three different
4G technologies without having to spin
the chip. We started with WiMAX, but
quickly realized that the world was going
LTE. Since 2006, we have been focusing
on this market.

NF: Which key executives have been
with the company through all of these
iterations?

EE: We are very proud to have almost all
senior-level management with us from
day one to today. Our management is very
enthusiastic and committed to what we
are trying to achieve, which has helped us
get through some bumps in the road in
the past.

NEF: Your headquarters is in Israel, cor-
rect? I suppose that is more proof that

News

success in the cellular market doesn’t
depend on an address in Silicon Valley?
EE: Israel is a hub of immense talent in
the technology space—and specifically, in
the wireless-communications space. We
built a team of passionate and profession-
al individuals, who are fully committed

to the success of the company and to the
vision that we outlined. Over
the years, we've established
sales offices in the US, China,
India, Japan, Europe, and
Taiwan.

NF: To succeed in the hand-
set market, a chipmaker has
to stay ahead of its competi-
tion in price, performance,
size, etc.—while its competi-
tors try everything they can
to overtake it. What do you
consider Altair’s strong points, which
allow it to stay in the lead?

EE: When it comes to LTE-only chipsets
(i.e., without 2G/3G), we believe we have
one of the highest-performing modems in
the market with unmatched power con-
sumption and—no less important—the
smallest silicon die in the market. So we
are well positioned to cope with the ero-
sion in LTE-chipset average selling prices
(ASPs). We also have a very competitive
roadmap. We just announced two base-
band processors and a radio chip.

NF: When do you expect LTE-Advanced
(LTE-A) chipsets to begin being designed
into smartphones and other devices?
EE: We just announced a couple of LTE-
A-capable chipsets, which will be in mass
production before the end of this year.

I believe you will see devices based on
these chipsets in the market in 2014.

NF: What challenges must be overcome
for the successful adoption of LTE-A?
EE: Power consumption is a major chal-
lenge as speeds increase and the amount
of processing required from the commu-
nications engine grows dramatically.

We believe our unique processor
architecture will allow us to overcome
this challenge and offer 10X higher LTE
speeds at comparable power consump-
tion to existing 3G. This is essential for
the user experience, which cannot
degrade as technology evolves. MWRF
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R&D Roundup

Compact Automotive Antennas
Juggle Multiple Bands

g S AUTOMOBILES EVOLVE into in- are specifically designed to be integrated

«z

1 dividual wireless-communications in a printed-circuit board (PCB), placed
%é' . networks, antenna makers have inside a plastic box, and mounted under
faced the task of providing ever-smaller the vehicle dashboard. The first version is a

antennas that handle more bands. Among  planar printed antenna. It is fully integrated
the choices serving this market from place-  into the PCB, minimizing cost. The second

ment on the roof or trunk are monopole, design—a three-dimensional antenna—re-
helix, and printed antennas. Mounted in quires no dedicated space on the PCB, as it
arear or side mirror, dashboard, or glove is an independent part of the whole device.
compartment, however, cellular antennas Though slightly more expensive, this lat-
are less at risk to external agents. Unfor- ter antenna does boast better performance.
tunately, such placement also puts them Yet both antennas show satisfactory per-
closer to electronic components that may formance in the required frequency bands.
impact antenna performance. At Italy’s Because they have been created with the
Politecnico di Torino, two multiband- presence of other electronic components in
antenna designs that seek to overcome mind, the antennas should not be affected
such issues have been designed by Sergio by the presence of those components on the
Arianos, Gianluca Dassano, Francesca PCB. See “Design of Multi-Frequency Com-

Vipiana, and Mario Orefice.

pact Antennas for Automotive Communica-

The two antennas cover four frequency tions,” IEEE Transactions On Antennas And
bands: GSM, E-GSM, DCS, and PCS. They Propagation, Dec. 2012, p. 5604.

Architecture Cracks Terahertz
Power Generation And Tuning

10 REALIZE a complete

§§ terahertz system, a

. challenge still remains
in the high-power, tunable
signal source. When using
LC-resonator-based voltage-
controlled oscillators (VCOs),
performance begins to
degrade beyond 100 GHz.
While frequency multipli-
ers solve some of these
problems, they require a
high-power external source—
something undesirable in
a fully integrated terahertz
source. One alternative could
lie in a VCO architecture
based on coupled oscillators
in a loop configuration, which
has been created by Yahya M.
Tousi and Ehsan Afshari from
Cornell University and Omeed
Momeni from the University
of California at Davis.
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To realize a high-power shift and frequency.
VCO at the sub-millimeter- Because of the new
wave and terahertz band, the | architecture’s approach to
signal source should be able - | frequency control, the trad-

to generate high harmonic eoff between frequency tun-
power above the device ing and power generation in
frax- The generated power conventional VCOs is largely
also should be efficiently resolved. The researchers
delivered to the output load. | fabricated two high-power
Finally, a frequency-tuning terahertz VCOs in a 65-nm
mechanism is needed that low-power bulk process.
will not adversely affect the According to measurements,
first two requirements. the first one provides 0.76

In this approach, multiple | mW output power at 290
core oscillators are coupled GHz with a 4.5% tuning
to generate, combine, and range. The second VCO puts

deliver their harmonic power | out 0.46 mW at 320 GHz

to the output node without with a 2.6% tuning range.
using varactor diodes. Lever- | See “A Novel CMOS High-
aging the theory of nonlinear | Power Terahertz VCO Based
dynamics, the researchers are | on Coupled Oscillators:

able to control the coupling Theory and Implementation,”
between the cores. In doing IEEE Journal Of Solid-State
s0, they can set their phase Circuits, Dec. 2012, p. 3032.

Cross-Spectral
Phase Noise Is
Measured On
Terahertz Source

O ENSURE THE char-
| acterization of phase
. noise for applications
that will integrate terahertz
components into usable
products, many are develop-
ing terahertz phase-noise
measurement capabilities.
The National Institute of
Standards and Technology
(NIST; www.nist.gov), for ex-
ample, is working on phase-
noise measurement systems
that support 670 GHz, 850
GHz, and 1.05 THz. Re-
cently, the first cross-spectral
phase-noise measurement of
a spectrally clean terahertz
source was presented by
NIST’s J.A. DeSalvo, A. Hati,
C. Nelson, and D.A. Howe.

Their approach is to
combine even-harmonic
mixers with a 2.5-GHz
frequency comb. The result
is a phase-noise measure-
ment system in waveguide
(WR1.5), which is achieved
by use of cross-spectral and
digital phase-noise mea-
surement techniques. At 670
GHz, an upper bound of this
system’s noise floor is -20,
-40, and -60 dBc/Hz at 1-,
100-, and 10,0000-Hz offsets,
respectively.

The team also measured
a commercial, low-phase-
noise, 670-GHz source at
offset frequencies from 0.1
Hz to 1.0 MHz. See “Phase-
Noise Measurement System
for the Terahertz-Band,”
IEEE Transactions on Tera-
hertz Science And Technol-
0gy, Nov. 2012, p. 638.
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50 MHz 1018 GHz

NOW, JUST TWO AMPLIFIERS COVER IT ALL!

PHA-1+

0.05-6 GHz
Gain 13.5dB
Pout 22dBm

ea. (qty. 20)

The PHA-1+ is a highly advanced E-PHEMT ampilifier
poised to be the workhorse for your wireless applications!
An ultra-high dynamic range, low noise, and exceptional
IP3 performance (42 dBm typical at 2 GHz), make it ideal
for LTE or TD-SCDMA (see website for ACLR and EVM
data). Good input and output return loss—across almost
7 octaves—extend its use to CATV, wireless LANs, base
station infrastructure, and more, with no external matching
required for 50 Q systems!

P YAVA-183A+ g4 05
5-18 GHz ea. (qty. 20)
Gain 14.0dB

Pout 19 dBm

Our new AVA-183A+ delivers excellent gain flatness
(+/-1.0 dB) across its entire frequency range! High isolation
(87dB typical) makes it very useful as a buffer amplifier in
a wide variety of applications, from satellite to P2P, EWF,
& radar—with no external matching required for 50 Q
systems. Just go to minicircuits.com for electrical,
mechanical, & environmental specifications, performance
curves, and S-parameters—these models are in stock
and ready to ship today! () RoHS compliant

Keep a few extras on hand! Order Designer Kit K1-AVA+, and get 10 of each for only $88.95!

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

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

5unscggl

478 rev J



CLo0e

PAUL WHYTOCK, European Editor

Flexible RFID Sensor Tag Could Cut Food Waste

UROPEAN STUDIES into global

food wastage indicate that 40% to

50% of all food being produced for
Europe is being wasted. Surprisingly,
10% to 15% of that wastage is happening
during supply and delivery operations
to consumer retail outlets. In addition,
the food industry discards an estimat-
ed $25 billion of spoiled goods every
year. Within every home, $300 worth
of bruised fruit, bad meat, and other
perishable goods are thrown awayannu- <.
ally. This issue has serious implications
for the global supply of adequate food
stocks. It also contributes to escalating
food costs. In a technological step for-
ward that could combat this wastage,
Europe’s CATRENE-Pasteur project
has developed a flexible tag that can
track and monitor the quality of food
in the supply chain.

This monitoring system integrates an RF-identification
(RFID) chip, microcontroller, and sensor integrated circuit
(IC) into a flexible tag (see photo). The sensor IC, which will be
made commercially available later this year, incorporates tem-
perature, relative humidity, and light sensors. As a result, it can
monitor the quality of a range of foods.

To perform such monitoring, the tag attaches to bulk trans-
portation containers. It then provides continuously updated
data on how long the food stored in those containers will stay
fresh. This could help food distributors minimize the amount of
food that is spoiled before it reaches the retailer.

Researchers from Holst Centre and Imec played a role in inte-
grating the ICs into the flexible tag. This involved the creation of
low-temperature encapsulation techniques that would not dam-
age the low-cost plastic substrate used in the tag. To integrate the
sensor IC, the team developed a process that protects most of
the chip, but leaves the sensing area exposed to make measure-
ments. This process attaches the IC to the encapsulation mate-
rial using an adhesive conductive film. Using lasers, that film is
then machined to the required size and shape. This technique
ensures that the sensing area remains uncontaminated.

Holst Centre and Imec also participated in the develop-
ment of additional gas sensors. Eventually, those sensors may
be used to monitor the controlled atmosphere in which many
foods are packaged. By creating ultra-thin metal-oxide films,
they were able to enhance the sensitivity of oxygen and carbon-

LT~

Here is a technology demonstrator of the CATRENE-Pasteur project, which
integrates an RFID chip, microcontroller, and sensor IC into a flexible tag.

dioxide sensors. The sensor can operate at room temperature,
which reduces power requirements. For the carbon-dioxide
sensor, the team achieved sensitivity in the 300-to-5000-ppm
concentration range used in food-packaging applications.

Further models for food-quality prediction are being devel-
oped based on available sensor data. They will be translated
into algorithms that can be implemented on the smart sensor
tag. In addition, technologies are being developed to reduce
power requirements and boost read efficiency.

The first-generation (Genl) demonstrator of the RFID-sen-
sor tag provides a test prototype to validate system feasibility.
Although it is a modular test platform, the final, fully integrated
version will be a battery-assisted RFID tag with full sensor func-
tionality. In addition to making accurate shelf-life predictions
for specific food items, it will be able to sense a number of dif-
ferent parameters, such as temperature, pH, and gas levels.

According to the CATRENE-Pasteur project, a vast variety of
applications will result from the successful development of a
marketable platform. They include supply-chain uses, such as
traceability and quality management. In addition, domestic ap-
plications include the detection of hazardous gases like carbon
monoxide. Medical monitoring could be performed to ensure
therapy compliance. Applications even range to construction—
for example, for corrosion monitoring. The CATRENE-Pasteur
project was funded by the governments of Austria, Belgium, the
Netherlands, and Spain. Participants include major European
companies, research institutes, and universities.
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the accuracy of Rubidium...

PRS10 Rubidium Oscillator (10 MHz)

e Less than 5 X 10-1" aging per month

e Ultra low phase noise (-130 dBc/Hz @ 10 Hz)
¢ 20 year lamp life

e 1 pps input and output

* RS-232 computer interface

$1495 (us. list)

FS$725 Benchtop Rubidium
Frequency Standard

SRS STANFORD RESEARCH SYSTE 5 - ¢ 5 MHz and 10 MHz outputs
¢ 0.005 ppm aging over 20 years
e Built-in distribution amplifier
(up to 22 outputs)
¢ 1 pps input and output
* RS-232 computer interface

$2495 (u.s. list)

SRS rubidium frequency standards have excellent aging characteristics, extremely low
phase noise and outstanding reliability.

The PRS10 component rubidium oscillator is designed for easy system integration. It
has a 1 pps input for phase-locking to an external reference (like GPS) and provides
72 hour Stratum 1 level holdover.

The FS725 benchtop instrument is ideal for the metrology laboratory as well as the

R&D facility — anywhere precision frequency is required. It generates 5 MHz and 10
MHz signals and has a built-in distribution amplifier with up to 22 outputs.

SRS Stanford Research Systems
1290-D Reamwood Ave. Sunnyvale, CA 94089 - email: info@thinkSRS.com
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SpecialReport

JACK BROWNE | Technical Contributor

AMPLIFIERS

Draw Upon A Variety
Of Technologies

MANY DIFFERENT DEVICE TECHNOLOGIES ARE
EMPLOYED FOR GAIN IN RF, MICROWAVE, AND
MILLIMETER-WAVE AMPLIFIERS, BASED ON REQUIRED
BANDWIDTHS AND OUTPUT-POWER LEVELS.

mplifier technology tends to change over time, depending on the active devices
available. Although active-device technologies have advanced a great deal over the
past 20 years—with semiconductor technologies such as gallium arsenide (GaAs)
maturing, and gallium-nitride (GaN) devices offering tremendous promise in terms
of high power levels at high frequencies—vacuum tube devices still play major roles in
/microwave amplification applications. A variety of technologies are employed in high-
frequency amplifiers, each with its own set of benefits and features.

Amplifiers for RF/microwave applications are available in a wide range of shapes and sizes, as well as fre-
quency ranges and power levels. This diversity stems from the many different needs for these amplifiers, from
low-noise amplification in receivers to boosting signals to high power levels in transmitters. Also factoring in
are the many additional medium-power stages in between the receiver and transmitter.

Companies such as Skyworks Solutions (www.skyworksinc.com), for example, target different applica-
tions with different sets of performance levels in their miniature low-noise amplifiers (LNAs). For use in Long-
Term-Evolution (LTE) and wideband-CDMA (W-CDMA) cellular communications infrastructure applica- DARPA has not yet
tions, the firm’s model SKY65369-11 surface-mount amplifier features a typical noise figure of just 0.9 dB from abandoned silicon
832 to 862 MHz with a 35-dB gain control range. To keep things small, it is supplied in a 16-pin MCM housing solid-state power in
measuring just 8 x 8 x 1.3 mm. For broader frequency coverage, the same company’s model SKY67015-396LF favor of GaN devices,
LNA achieves almost the same noise figure (at typically 1 dB) but covers a frequency range from 30 to 3000 as evidenced by the
MHz. Suitable for ISM-band applications, it is supplied in a similarly small housing as the model SKY65369-11 organization's Efficient

amplifier and includes 15.5 dB fixed gain across its frequency range. Linearized All-Silicon
Certainly, no solid-state technology has shaken up the RF/microwave amplifier design world in recent Transmitter ICs (ELASTx)
years quite like gallium nitride (GaN) active devices. The number of companies now producing GaN ampli- program (see p. 40).

fiers is large and growing, due to the high power density of the technology and the interest on the part of such
customers as the Defense Advanced Research Projects Agency (DARPA). One of those GaN producers, Tri-
Quint Semiconductor (www.triquint.com), which has been working on GaN technology since 1999, recently
received a $2.7 million contract from DARPA for the nominal purpose of tripling the power-handling capabili-
ties of GaN circuits. This Near Junction Thermal Transit (NJTT) project will build on TriQuint’s GaN on silicon
carbide (SiC) technology to achieve higher RF/microwave solid-state power levels than currently available.
According to James L. Klein, TriQuint’s Vice President and General Manager for Infrastructure and De-
fense Products, “We are very pleased that DARPA selected TriQuint to develop this critical technology. Like
other programs we have supported, NJTT will set the stage for substantial MMIC performance enhancements
including reduced size, weight, and power consumption while increasing reliability and output power.”
TriQuint hopes to combine its GaN-on-SiC process technology with new thermally conductive materi-
als, thus reducing heat buildup around the active GaN devices and permitting higher output-power levels in
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their GaN amplifiers and devices
(see p. 48 for more on emerging
thermal-management materials).
TriQuint has several partners in
the project, including the Univer-
sity of Bristol (www.bris.ac.uk),
Group4Labs (www.group4labs.
com), and Lockheed Martin
(www.lockheedmartin.com). Tri-
Quint is also heading process and
manufacturing projects on GaN
devices and amplifiers for the
United States Army, Navy, and Air
Force laboratories.

Similarly, late last year, RF
Micro Devices, Inc. (www.rfmd.
com) received a $2.1 million con-
tract from DARPA to enhance the thermal efficiency of GaN cir-
cuits used in high power radar and other military systems. Also
part of DARPA's NJTT efforts to improve the power-handling ca-
pabilities of GaN amplifiers, RFMD believes that a solution will
be found as a combination of its GaN-on-SiC device technology
and the use of thermally enhanced diamond substrate materi-
als. Jeff Shealy, Vice President and General Manager of REMD’s
Power Broadband business unit, said at the time of the contract’s
announcement that “RFMD is excited to work with DARPA to ap-
ply new technologies to our existing portfolio of GaN-based high
power RF amplifier products. We expect the NJTT program will
result in a new generation of higher performing, more compact
RF high power amplifiers (HPAs) with lower operating tempera-
ture and greater RF power-per-unit area.”

RFMD, which has been involved with GaN technology since
2000, is also working with Group4Labs on the contract, along with
the Georgia Institute of Technology (www.gatech.edu), Stanford
University (www.stanford.edu), and the Boeing Co. (www.boe-
ing.com). The firm has been a strong supplier of GaN-based pow-
er amplifiers for cable-television (CATV) applications.

For those seeking an informal education on GaN technol-
ogy, Advantech Wireless (www.advantechwireless.com) offers
an eight-page white paper on GaN amplifiers, “A new genera-
tion of Gallium Nitride (GaN) based Solid State Power Amplifiers
for Satellite Communication,” available for free download from
the firm’s website. It details how GaN amplifiers fare in satellite-
communications (satcom) applications when compared with
silicon LDMOS or GaAs-based power amplifiers. The GaN am-
plifiers are claimed to be about 50% smaller than their technol-
ogy counterparts, with considerably less power consumption
and less generation of heat. Advantech Wireless, which designs
and manufactures GaN power amplifiers through Ku-band fre-
quencies for commercial and military use, is currently offering its
GaN power amplifiers as replacements for traveling-wave-tube
amplifiers (TWTAs) in satcom applications.

In embracing the growing popularity of GaN amplifier tech-

1. Amplifiers for satcom

applications must be housed
in miniature, light-weight
packages. [Photo courtesy of
MITEQ (www.miteq.com).]

a0

nology, EMPower RF (www.empowerrf.com) is selling its lines of
GaN power amplifiers as replacements for silicon bipolar, MOS-
FET, LDMOS, and GaAs FET amplifiers. It is offering the newer
GaN amplifiers as smaller, lighter, and more reliable units for a
given frequency range than any of the other solid-state amplifier
types. The firm offers both GaN amplifier modules and complete
amplifier systems with power supplies in a rack-mount housing.

As an example of the former, model BBM3K5KKO is a com-
pact Class AB linear GaN power amplifier design capable of 100
W minimum output power and 125 W typical output power from
500 to 2500 MHz. It provides 50-dB minimum power gain with -20
dBc typical harmonic levels and -70 dBc typical spurious levels.
At a package size of 7.4 x 3.6 x 1.06 in., it consumes 10 A from an
external +28-VDC supply. It is also available as a rack-mount unit
with the power supply inside the housing.

Of course, DARPA wouldn't enjoy its successful track record
in research without “hedging its
bets” and investing in a num-
ber of different technologies for
high-frequency amplifiers. The
organization still believes that
silicon technologies will support
high-frequency  amplification
through millimeter-wave fre-
quencies.DARPA’s Efficient Lin-
earized All-Silicon Transmitter
ICs (ELASTx) program is seeking
novel approaches for increases
in power amplifier efficiency,
while at the same time achiev-
ing improved linearity by way of
integrated linearization archi-
tectures. One of the goals of the
program is a silicon-based trans-
mitter with 65% power-added
efficiency (PAE) with low distor-
tion for 64-state quadrature-amplitude-modulation (64QAM)
waveforms. The program is looking at bandwidths of 3.5 GHz at
45 GHz, 5 GHz at 94 GHz, and 8 GHz at 138 GHz for these next-
generation silicon amplifiers and transmitter ICs.

An important design goal for many applications is sufficient
amplifier power for a light-weight package, especially in airborne
applications or in satcom systems. Amplifiers for the latter, such
as the JDMW-Series amplifiers from MITEQ (www.miteq.com),
are low-noise amplifiers (LNAs) designed to operate from 18 to 21
GHz with 30-dB gain in a hermetic package measuring just 1.18
x 0.87 in. and weighing just 23 g (Fig. 1). These LNAs feature a
noise temperature of 97 K (a noise figure of only 1.25 dB) with cur-
rent consumption of only 75 mA at +12 VDC. The amplifier has
an operating temperature range of -30 to +65°C and yields +8
dBm output power at 1-dB compression. The amplifiers are avail-
able with numerous options, including RF input limiters and
waveguide flanges.

2. The large heat sink is re-
quired to help dissipate heat
from the power amplifier’s
active devices. [Photo cour-
tesy of Mini-Circuits (www.
minicircuits.com).]
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sales@larkengineering.com

THE FILTER SOURCE
“Ultra Thin™

Lark Engineering is pleased to announce our latest
Ultra-Thin series product.
Switch Filter Banks with a HEIGHT of 0.09".

Dimensions: .09 x 1.25 x 1.25 inches
Frequency Range: 1-6 GHz
Number of Channels: 4

ue
LARK ENGINEER Y
SFB8is-!
P
©
i Ton BANK

yo B8

Yo

Lark Engineering offers a full line of Switch Filter Banks
including SMT, Connector and Pin mount from DC to 18.0 GHz.

Lark is a leading (OEM) supplier of RF and Microwave Filters, Multiplexers and Multifunction Assemblies
for the Military, Aerospace and Commercial markets.The company began operations in 1986 with the goal
to design and manufacture quality products that satisfy the customer’s needs and requirements. Our
A products can be found in today’s military radar systems, aircraft, shipboard, hand held radios, GPS, ISM,
PCN, PCS and many other military and commercial applications. Our commitment to quality and
w customer service has been a comerstone of the company since its inception.

Military « Aerospace « Commercial

sales@larkengineering.com * 949.240.1233

www.larkengineering.com
ISO 14001:2004 Certified

1ISO 9001:2008 Certified
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For any RF/microwave amplifier tech-
nology, delivering consistent performance
levels with high reliability is an important
goal whether the amplifier is for low-noise
or power applications. As an example,
the model ZHL-100W-13+ power ampli-
fier from Mini-Circuits (www.minicircuits.
com) is designed to withstand short-cir-
cuit and open-circuit operating conditions
even when running at full output-power
levels, but depends on a heat sink to dis-
sipate excess heat (Fig. 2). The amplifier is
also designed to be unconditionally stable
under a wide range of operating condi-
tions. The transistor amplifier is rated for
100 W typical saturated output power from
800 to 1000 MHz but is also usable from
750 to 1050 MHz. It provides 50-dB typi-
cal gain with gain flatness of typically +1
dB from 800 to 1000 MHz. Supplied with
SMA input connectors and Type-N out-
put connectors, it draws 10 A at a typically
supply of +28 VDC. The amplifier, which
has a typical noise figure of 7 dB, achieves
+49 dBm typical output power at 1-dB
compression and +50 dBm typical output
power at 3-dB compression.

To achieve the high reliability, users are
asked to provide proper heat sinking and
heat removal from the amplifier, ensuring
that its making base-plate temperature
is +60°C to ensure proper performance.
Users can establish favorable long-term
conditions for the amplifier by supply-
ing a heat sink with thermal resistance of
0.035°C/W or better.

In spite of the excitement about GaN
technology, solid-state amplifiers have
not yet replaced RF/microwave tubes
and amplifiers based on vacuum tubes.
As noted in the report beginning on p. 86,
such amplifiers may be considerably larg-
er than solid-state amplifiers for the same
frequencies, but they are also capable
of much higher continuous-wave (CW)
and pulsed output-power levels. It is the
hope of organizations such as DARPA that
vacuum tubes may one day be replaced at
high frequencies by solid-state amplifiers
with much higher power densities than
possible today. But for now, tubes and
transistors coexist fruitfully in RF/micro-
wave applications. MWRF
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RF Essentials

JACK BROWNE | Technical Contributor

Automobiles Racing

Wireless technologies are helping to boost
the convenience and safety of modern

To Higher

Frequencies

UTOMOBILES AND AUTOMO-
TIVE markets represent a grow-
. ing area of opportunity for

- suppliers of high-frequency
components and hardware. Just look
at wireless safety products: Many new-
er cars are being designed with short-
range sensors operating at 24 GHz and
adaptive-cruise-control (ACC) and long-
range forward-looking radar systems at
77 GHz. These transmitter and receiver
devices rely on dependable high-fre-
quency integrated-circuit (IC) processes
that are also competitive enough to sup-
port products in a wide range of automo-
tive markets. So far, achieving reliable
performance at 77 GHz has not been a
hurdle for a growing number of IC manu-
facturers and high-frequency companies
supporting automotive RF/microwave
applications.

The frequency band from 76 to 77 GHz
has proven to be attractive for a number
of automotive radar-based safety applica-
tions, including for adaptive cruise con-
trol (ACC), blind-spot detection (BSD),
emergency braking, forward -collision
warning (FCW), and rear collision pro-
tection (RCP). Freescale Semiconductor
(www.freescale.com), for example, has
used its silicon-germanium (SiGe) BiC-
MOS semiconductor process as the basis
for its Xtrinsic brand model PRDTX11101
VCO+Tx voltage-controlled oscillator
(VCO) and transmitter combination IC for
77-GHz automotive ACC and long-range
radar applications—as well as for shorter-
range applications, such as BSD and cross
traffic alerts.
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1. Model AC3 is an automotive radar
system working at 77 GHz that can detect
"targets” as far as 250 m. [Photo courtesy
of TRW Automotive (www.trw.com).]

The PRDTX11101 SiGe radar trans-
mitter includes an on-chip frequency
divider with output ports for frequency
control. It can operate with a single +3.3-
VDC supply (with only 1.5-W power con-
sumption) and support short-range (to
20 m) as well as long-range (to 200 m)
automotive radar applications at 77 GHz.
It features low phase noise of -93 dBc/Hz
offset 1 MHz from a 77-GHz carrier, and
can produce two outputs at +13 dBm and
77 GHz. The IC incorporates an amplifier
circuit that maintains stable current con-
sumption during activation and de-ac-
tivation of the radar pulses to minimize
thermal drift of the oscillator signal. The
device has an on-chip temperature sen-
sor to maintain consistent performance
by monitoring device temperature and
making gain adjustments, and uses a

automobiles by taking advantage of
ISM bands and unused frequencies.

peak power detector for enhanced trans-
mitter efficiency by applying open- and
closed-loop output power control.

Infineon (www.infineon.com) has
also developed a high-frequency (200-
GHz) SiGe semiconductor process for
automotive applications, which it uses
as the basis for its Radar System IC
(RASIC™) series of components for ap-
plications in the 76 to 77 GHz range.
The product line includes voltage-con-
trolled oscillators (VCOs) and dielectric
resonator oscillators (DROs) as well as
complete automotive radar transceiver
functions for ACC and collision-warning
applications. The devices are available
as unpackaged bare die. For example,
the model RXN740 single-chip trans-
ceiver includes all of the core functions
of a radar front end, such as a VCO,
transmit power amplifier, and as many
as four frequency mixers, as well as on-
chip test functions. With the device, a
radar sensor manufacturer can produce
a four-channel monostatic radar system
for long-range (such as ACC) automo-
tive radar applications at 76 to 77 GHz,
taking advantage of the chip’s self-test
and diagnosis functions to monitor tem-
peratures and output levels. The radar
IC is usable across the full temperature
range from -40 to +125°C; it has full
automotive qualification according to
Automotive Electronic Congress (AEC)
AEC-Q100 requirements.

TriQuint Semiconductor (www.tri-
quint.com) supports automotive radar
sensor designers with a variety of 77-GHz
GaAs monolithic-microwave-integrated-
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AUTOMOTIVE RF DESIGN

circuit (MMIC) products for ACC and
FCW applications. The function-specific
devices allow system designers to de-
velop customized transmit and receive
configurations at 77 GHz. As an example,
model TGA4705-FC is a flip-chip low-
noise amplifier (LNA) that is usable from
72 to 80 GHz. Based on 0.13-pm GaAs
pseudomorphic-high-electron-mobility-
transistor (pHEMT) technology, the am-
plifier has nominal noise figure of 6 dB
from 76 to 77 GHz and nominal gain of
23 dB from 76 to 77 GHz. The LNA chip
measures just 2.24 x 1.27 x 0.38 mm and
operates on typical drain voltage of +2.5
VDG, typical drain current of 60
mA, and typical gate voltage
of +0.18 VDC.

For larger signals, the
company’s model TGA4706-
FC flip-chip medium-power
amplifier is designed for ap-
plications from 76 to 83 GHz.
It offers 15-dB gain at 77 GHz
with saturated output power
of +14 dBm at that frequency.
Also based on 0.13-pm GaAs
pHEMT technology, the chip mea-
sures 1.86 x 1.37 x 0.38 mm and runs on
typical drain voltage of +3.5 VDC, gate
voltage of +0.2 VDC, and quiescent drain
current of 125 mA.

TriQuint also offers the model
TGC4702-FC, a flip-chip downconvert-
ing in-phase/quadrature (I/Q) mixer for
automotive radar applications. It covers
RF and local oscillator (LO) ranges of
75 to 82 GHz and an intermediate-fre-
quency (IF) range of DC to 100 MHz. The
mixer achieves RF-LO isolation of 18 dB
at 77 GHz with 12-dB conversion loss at
77 GHz. The mixer chip, which measures
2.46 x 1.89 x 0.38 mm, is based on GaAs
heterojunction-bipolar-transistor (HBT)
technology. It is rated for maximum bias
current of 15 mA at +2 VDC bias voltage.

TRW Automotive (www.trw.com), a
company with a long history of semicon-
ductor development, offers automotive
radar solutions at both 77 and 24 GHz.
For example, the model AC3 77-GHz
long-range radar (Fig. 1) provides out-
standing speed resolution at distances
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as far as 250 m. The firm'’s cost-effective
model AC100 midrange radar system op-
erates at 24 GHz and provides ACC and
FCW functionality. The high-end model
AC1000 is a scalable 77-GHz platform
that provides a full 360-deg. sensing ca-
pability. All three of the automotive radar
systems are capable of operating under
all weather conditions.

Of course, not all opportunities for
electronic devices in automotive appli-
cations require such high frequencies.
For some time, Toshiba (www.toshiba.
co.jp) has produced ICs for automotive
remote-keyless-entry (RKE) applica-

2. The eHorizon module combines a
processor, GPS receiver, and electronic
map to provide a “look ahead” on a road.
[Photo courtesy of M/A-COM Technology
Solutions (www.macomtech.com).]

tions, including the model TB31372FNG
receiver IC for the 315-MHz band and
the model TC32306FTG receiver IC for
the 434-MHz band. Both chips work with
an IF of 220 kHz and feature on-chip IF
filters with 300-kHz bandwidth, detector
circuits, and on-chip VCO with phase-
locked-loop (PLL) circuitry. The RKE ICs
are supplied in 24-pin SSOP housings.
The model PQJ7910 variable intelli-
gent polling receiver (ViPER) from NXP
Semiconductors (www.nxp.com) oper-
ates within Industrial-Scientific-Medical
(ISM) band frequencies to support car
access and tire-pressure monitoring sys-
tem (TPMS) applications. The device fea-
tures a programmable state machine and
a polling timer, so it can operate autono-
mously while waiting for access signals
from car keys and TPMS transmitters.

The device’s programmable channel fil-
ter enables optimum performance for
all possible protocols and applications.
Model PQJ7910, which is designed for
operating temperatures from -40 to
+105°C, is available in versions for use
from 315 to 915 MHz or 434 to 915 MHz.

The models ATA5830 and ATA5780
are transceiver and receiver ICs designed
for multiband use at ISM frequencies of
310 to 318 MHz, 418 to 477 MHz, and
836 to 928 MHz for a variety of wireless
automotive applications. These include
RKE, remote start, passive entry go
(PEG), and tire-pressure-monitoring-
system (TPMS) applications. The
devices combine receiver
_ or transceiver circuitry with
a microcontroller core, en-
bling each device to poll
. multiple application channels
o create a cost-effective au-
omotive electronics remote
ontrol. The two ICs are pin-
ompatible devices to simplify
heir reuse in one-way and
two-way automotive access sys-

tems. They are each supplied in a
5 x 5 mm QFN32 package and draw very
little current in their power-down states,
thereby conserving battery life.

Lastly, the Advanced Driver As-
sist System (ADAS) eHorizon module
from M/A-COM Technology Solutions
(www.macomtech.com) is a board-lev-
el automotive electronic product that
functions more like an “assistant
driver” than an electronic aid. The mod-
ule (Fig. 2), which integrates a Global
Positioning System (GPS) receiver and
microprocessor along with a NAVTEQ
map, attempts to plot upcoming road
features to improve the quality and safety
of a driver’s ride.

Using the map and GPS informa-
tion, the processor works with an au-
tomobile’s systems to save fuel, reduce
carbon-dioxide emissions, and boost the
efficiency of an automobile for a given
travel route. Although high-frequency
electronics cannot yet tell the future, this
is one module that certainly prepares an
automobile for what roads lie ahead. MWRF
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Haondling The Heat

In RF/M
Circuits

'HERMAL MANAGEMENT OF AN
RE/MICROWAVE COMPONENT,
circuit, or system is simply a mat-
© ter of removing heat from sensitive
areas of a design that can suffer damage or
performance degradation from the heat.
Of course, providing the right mix of ther-
mally conductive materials to extract heat
from an active source (such as a power
transistor) or a thermal pathway (like a
transmission line or circuit trace) may not
always be so simple. For some designs, the
addition of a component that may improve
thermal management—e.g., a heat sink
to an amplifier—may also thwart efforts
at making the design as small as
possible. But any attempt to un-
derstand the flow of heat through
an electronic design can help im-
prove the performance and reli-
ability of that design. For most
electronic components, circuits,
and systems, maintaining a design
at a lower operating temperature
usually translates into improved
performance and reliability.

The flow of heat through a high-
frequency circuit can involve vari-
ous input and output connectors
and/or waveguide components.
Most microwave components and
systems, however, are built upon
printed-circuit-board (PCB) ma-
terials and rely heavily on them for
thermal management. Heat that
is applied to or generated within
a PCB material must flow away
from the PCB materials and its ac-
tive devices, then be djspersed in

48

Thermal management of RF/microwave
circuits is growing more challenging as the
power densities of newer high-requency
transistors continue to so dramatically increase.

the equipment packaging, heat sinks, and
ambient air. The choice of PCB material is
therefore key in the thermal management
of a high-power circuit or system.

Ideally, a PCB material can handle en-
ergy with a minimum amount of loss, with
energy from on-circuit devices (such as
transistors) or an external source (such as
an amplifier from another circuit) trans-
ferred without generating undue heat. A
circuit with a high amount of energy loss
will transform some of the energy into
heat, and that heat must be effectively dis-
sipated to ensure the reliability of the cir-
cuit. An RF/microwave PCB is formed with

This photograph shows the microstructure of the high-
thermal-conductivity aluminum diamond material used for
heat sinks and in packages for high-power RF/microwave
devices, such as GaN transistors. [Photo courtesy of Nano
Materials International Corp. (www.nanomaterials-intl.com).]

dielectric materials and conductive metals,
such as copper, to transfer high-frequency
signals with minimal loss and distortion.

Because a PCB material will expand
and contract with changing temperatures
(caused by the heating effects of lost en-
ergy), the material components of a PCB
are usually carefully selected. They usually
have closely matched coefficient of ther-
mal expansion (CTE) so that, for example,
a PCB'’s dielectric material and copper
conductors will expand at the same rate
(usually about 17 ppm/°C) when power is
applied or generated within a circuit on the
PCB. Ideally, a PCB material has been en-
gineered with dielectric and con-
ductor that are closely matched
in the three dimensions (x, y, and
z or width, length, and thickness)
of the material to minimize pos-
sible stress that can occur at joints
between the conductors and the
dielectric materials as they expand
and contract.

The way a circuit is designed
can also contribute to its thermal
management. One example is
through practical application of
plated through holes (PTHs) to
dissipate heat from an active de-
vice. Multiple PTHs can provide
thermal paths from an active heat
source—such as a power transis-
tor—through a circuit’s dielectric
layer or layers to a metal ground
plane, dissipating the heat pro-
duced by the active device.

Manufacturers of RF/micro-
wave integrated circuits (ICs) in
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THERMAL MANAGEMENT

surface-mount housings typically provide
mounting instructions for their devices in
terms of proper heat flow away from the
component and through the PCB. The
number of solder-filled PTHs, their diame-
ters, and their density on the PCB are often
specified for a particular active device to en-
sure that sufficient thermal flowis achieved
through the PCB and to the ground plane,
without also rendering a circuit board that
is unfit for manufacturing. Some surface-
mount IC manufacturers will go as far as
providing measurements of the thermal
resistance from the package junction to
the PCB’s heat sink—of benefit for cir-
cuit designers desiring to incorporate the
thermal models in their computer-aided-
engineering (CAE) high-frequency simula-
tion software.

A PCB material’s thermal conductivity,
which is presented in watts of power per
meter of material per degree Kelvin (W/
mK), provides some indication of its ef-
fectiveness in dissipating heat, since it is
a measure of the material’s capability to
conduct heat. It can be used to compare
the different rates of energy loss as heat
through different materials. Quite simply,
a PCB material with high value of ther-
mal conductivity enables a circuit to op-
erate at higher power levels with better
heat flow away from active devices than a
PCB material with lower value of thermal
conductivity. In a PCB material, a conduc-
tor, such as copper, has very high value of
thermal conductivity (about 400 W/mK)
while the PCB’s dielectric material has
very low value of thermal conductivity.
In fact, the dielectric material serves as a
thermal insulator.

However, the use of PTHs can help the
flow and dissipation of heat from the top
circuit layer through the dielectric layer
to the bottom ground layer. In addition,
different PCB material products can be
compared by their composite thermal
conductivity values, when comparing dif-
ferent materials for high-power applica-
tions in which a goal is to minimize oper-
ating temperature.

Controlling the temperature of a high-
frequency circuit can have a direct impact
on circuit performance since the relative
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dielectric constant of a PCB varies as a
function of temperature. This quality is
defined by a material parameter known as
the thermal coefficient of dielectric con-
stant, usually defined in units of ppm/°C.
Because changes in a PCB material’s di-
electric constant result in changes in an
RF/microwave circuit’s impedance (which
is typically maintained at 50 Q), it is criti-
cal to minimize temperature effects at
high frequencies (and high signal power
levels) to minimize signal reflections at
mismatched impedances that can lead to
amplitude losses and phase distortions.
Tightly controlled thermal coefficient of
dielectric constant and CTE characteristics
are signs that a PCB material will deliver
high levels of performance (with minimal

Attempts to understand
the flow of heat through
an electronic design
can ultimately
help to improve the
performance and
reliability of that design.

swings in temperature) when handling
high power levels.

Of course, in some extremely high-
power applications, such as radar and
electronic-warfare (EW) systems, design-
ers may be facing the integration and
thermal management of a high-power
vacuum electron device such as a travel-
ing-wave tube (TWT) or magnetron (see
p. 86 for more on vacuum-tube devices).
As described in an application note from
Communications & Power Industries
(www.cpii.com), “Recommendations for
Cooling High-Power Microwave Devic-
es,” (publication AEB-31) multiple water
baths are often necessary to safely transfer
the heat produced by these devices away
from the devices themselves and critical
components within their systems.

Thermal management should be a
high-level priority for any high-frequency

design intended for high long-term reli-
ability, especially if that design must op-
erate at higher power levels and/or in
an operating environment at elevated
temperatures. A wide range of PCB mate-
rial products are currently available, with
a wide range of performance parameters
including low loss and high thermal con-
ductivity. A PCB material’s MOT, while not
the ultimate guideline for selecting a cir-
cuit material for high-power applications,
can be used as a parameter for comparison
among different PCB products for a poten-
tial application.

In some cases, newer RF power semi-
conductor devices, such as gallium-
nitride-on-silicon-carbide (GaN-on-SiC)
power transistors, are challenging the best
designers of “thermally responsible” cir-
cuits with their extremely high power den-
sities. In many cases, materials with higher
thermal conductivities are being sought
in place of or in addition to traditional
PCB materials as a means of channeling
heat away from these high-power-density
semiconductor devices. The two-pronged
challenge is in finding a heat spreader
material that has a CTE close in value to
the high-power semiconductor material,
such as GaN or SiC, but also with high
thermal conductivity.

After considerable research, work is
currently being done on aluminum dia-
mond metal-matrix-composite (MMC)
materials (see figure) with extremely high
thermal conductivity (500 W/mK or more)
for efficient withdrawal of heat from GaN
and other high-power semiconductors in
high-frequency circuits. The MMC materi-
als are typically based on a primary metal
such as aluminum, copper, or silicon, and
a secondary material, such as diamond or
silicon carbide. Aluminum diamond MMC
materials have shown a great deal of prom-
ise in their capabilities of meeting this two-
pronged challenge for reliable thermal
management of high-power RF/micro-
wave devices—either when used as heat
sinks or as base materials in semiconduc-
tor packages. So far, commercial adoption
of these materials has been limited by high
costs, but numerous suppliers are working
to improve their production methods. MWRF
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ADAR SENSORS based on frequency-modulated-
continuous-wave (FMCW) methods benefit from
high-quality signal sources. To complement them,
a frequency-agile linear-FM source with excellent
spectral purity was developed using a commer-
cial direct-digital synthesizer (DDS) as a refer-
ence source for a wide-bandwidth phase-locked-loop (PLL)
frequency synthesizer. By employing a simple FMCW radar ar-
chitecture, it was possible to evaluate a linear-frequency-mod-
ulated (LFM) source under closed-loop operational conditions.

Due to their architectural simplicity, FM-based radar sys-
tems are among the most elementary types of radar equip-
ment.! Radar sets based on FM require a minimum number
of components compared to other radar systems and offer
ease of signal processing, owing to the narrow signal band-
width of the received information following frequency transla-
tion to baseband.

The capability of FMCW radar systems to achieve high re-
ceiver sensitivity and range resolution is directly

Serv

DIRECT-DIGITAL-SYNTHESIZER
(DDS) TECHNOLOGY CAN
PROVIDE THE AGILITY AND
FREQUENCY AND PHASE
CONTROL NEEDED TO DRIVE
HIGH-PERFORMANCE FREQUENCY-
MODULATED-CONTINUOUS-WAVE
RADAR SYSTEMS.

converters (DACs), spurious-free-dynamic-range (SFDR) per-
formance, and tuning word memory capacity.® To overcome
these, a number of frequency synthesizer architectures have
been developed. Specifically, a DDS device in combination
with PLL techniques offers a simplified architecture to achieve
good frequency agility and low phase noise.

Direct-digital-synthesizer
digital blocks

Phase
‘} accumulator

Sk

Angle/sine

Phase
7 register converter
Al

A
.|II|||m|““

1. This simplified diagram shows the basic function blocks in the

f(:Ik O

radar system's DDS signal source.

related to the phase noise and linearity of the e fou
transmit and receive signal sources or oscillators.? 1 oo _@
In many cases, these sources are unitary. Numer- filter o
ous techniques have been applied in source de- Eon o o
sign to achieve good spectral purity, such as low el N
spurious content and low phase noise, particu- Reference
larly for sophisticated radar and signal generation fose Prescaler
applications. DDS integrated-circuit (IC) devices oo
have matured in recent years and have shown a o % S fo — E;,V:ge
great deal of promise for radar applications.

Unfortunately, DDS devices still suffer funda- ﬁ
mental limitations with respect to clock frequen-

cy, the linearity available from digital-to-analog
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2. In this block diagram, a DDS device is installed with a PLL feedback path.
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FMCW RADAR SOURCE

Figure 1 displays a very basic struc-

ture for a DDS, with a phase accumulator, i
angle-to-sine-wave converter, and digital- Loop [ e <J% fo
to-analog converter (DAC) graphically fiter | ~~—
represented. A frequency tuning word

: ] DDS
(FTW) establishes the phase increment to .

. port | Divide

be added to the phase register upon each E,> FTW f, fuas e PFD by P
cycle of the reference clock. The output Lowpass
of the phase accumulator provides the M, filter ok

address for the angle-to-sine-wave con-

verter—basically, a lookup table—where
the address is converted to the respec-

0D

M

tive point of a sinusoid and subsequently
transformed from the digital domain to
the analyzer domain by means of the digi-
tal-to-analog converter.

Because the data points of the output waveform are repre-
sented by digitally stored values, the DDS defines a sampled
data system with the attendant constraints—e.g., Nyquist sam-
pling, output amplitude rolloff, DAC quantization noise and
spurious, and image and harmonic signals. In spite of these
limitations, many of a DDS’ spectral limitations can be mitigat-
ed through the use of output filters and judicious selections of

Table 1: Summarizing the performance
of a commercial DDS source.

Parameter Symbol Requirement

Frequency range 530 to 630 MHz

-130 dBc/Hz
(at 10 kHz2)

Phase noise

Prescaler modulus

Loop bandwidth (approx.) | BW 150 kHz

Marker 1_125.000000000 MHz

3. This block diagram shows a DDS reference for a PLL frequency synthesizer.

reference clock parameters and output frequency plan.3

The output frequency of a DDS can be found from Eq. 1:
faas = (FTW/2") ey
where:
f44s = the DDS output frequency;

FTW = the binary frequency tuning word;

n = the number of digital bits in the frequency tuning word
(typically 24 to 48 b); and

f. = the clock frequency (in Hz).

The DDS output frequency is a fraction of the clock frequen-
cy, with resolution that can be found by means of Eq. 2:

Afgas= fon/ 2" @)

By way of example: For a FTW of 32 b and 1-GHz clock fre-
quency, the DDS output frequency resolution is 0.23 Hz. While
such fine frequency resolution is rarely needed, this capabil-
ity is quite useful in reducing the spurious distortion of the
output signal.

In addition to using them as stand-alone designs, some DDS
circuits can be enhanced via integration with PLLs. The fol-
lowing block diagrams illustrate two DDS/PLL configurations
which may be useful in various synthesizer applications. Figure
2 shows a DDS within the feedback loop of a PLL. A prescaler
divides the VCO output frequency to the clock input frequency
range of the DDS. Meanwhile, the DDS output signal phase

(1)

Mkt 125.00 “Mkrt 150.00 f
-1.00 di -1.80

" Mkt 175.00
dem oo 268 dB|

Bm

m

jogeieyRef 0.99dBm jggeis:  Ref 190 dBm Ref -2.67 dBm

it pened haviawl

Span 50.00
{Res BW 470 kHz Sweep 1.00 ms (1001 pts) Res BW 470 kHz VBW 470 kiz Sweep 1.00 ms (1001 Res BW 470 kHz

(a) (b) (c)
4. The spectral purity of the commercial AD9910 DDS device is shown here at (a) 125, (b) 150, and (c) 175 MHz.

e

Center 125.00 MHz

50.00 MHz

Span
VBW 470 kHz VBW 470 kHz Sweep 1.00 ms (1001 pts)
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is compared to a high-spectral-quality
reference within the phase detector. A
phase error signal is thereby created,
which subsequently tunes the VCO to the
phase-locked condition.

The output frequency based on the
frequency reference and other DDS pa-
rameters can be found from Eq. 3:
out (zn/FTW)P(fref) (3)
where:

P = the division ratio of the prescaler and
fief = the frequency of the reference
source.

In essence, the DDS operates as a
high resolution fractional frequency di-
vider allowing the use of a high reference
frequency and reduction of the feedback
loop modulus.

Reference 2 provides an excellent
example of the performance of this syn-
thesizer architecture, with DDS perfor-
mance summarized in Table 1.

Figure 3 shows a DDS used as a high-
resolution reference source for a PLL.
This architecture takes advantage of the
fine frequency resolution of a DDS along
with its wide loop bandwidth for fast fre-
quency switching. A modest prescaler
modulus—i.e., P < 100—may be used for
frequency synthesis to 10 GHz. An offset
or sum loop synthesizer architecture es-
sentially ensures low phase noise beyond
10 GHz (Fig. 4).

The equation for the output frequency
may be written by inspection (as Eq. 4):
four= (FTW/ZH)MP(fref) (4)
where:

M = the multiplier ratio.

Before proceeding to the LFM syn-
thesizer architecture, it is instructive
to examine the DDS as the unique and
performance determinant of the synthe-
sizer. A model AD9910 DDS from Analog
Devices (www.analog.com) was specifi-
cally selected as the PLL reference due to
several features and properties intrinsic
to the device, as summarized in Table 2.

Principal sources of spurious signals
at the DDS output are DAC resolution
and tuning word bit truncation.* Elimi-
nation of spurious signals due to tun-
ing word bit truncation may be accom-
plished with the attendant consequence

Microwaves&RF | visit www.mwrf.com

of reduced frequency resolution.! Using
this technique, the LFM architecture
may be appropriate for several other
high-spectral-quality applications.
Figure 5 shows a block diagram of
the linear FM frequency synthesizer,
where the constituent components and

interconnections have been identified.
The AD9910° DDS integrated circuit (IC)
provides the agile frequency capability as
well as the low phase noise reference for
the offset PLL. The AD9910 features are
uniquely applicable to linear FM due to a
user defined, digitally controlled, digital

ers
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FMCW RADAR SOURCE

500Q 0.10 pF
VCO
Loop filter | TMS4031 HMC529LP5
500 Q 0.10 uF 20 pF
Linear FM fgg ;)F 1 v
frequency
synthesizer N banzFass
500 O 500 Q mt%r
DDS NU
AD9910 125 MHz I J 625 MHz
175 MHz 875 MHz
USB DDS
2 R
e = B s e =
HPF/LPF : IF
- 1 — bandpass
fy=1.0 GHz HMC440QS16G £ (5) filter
PFD/counter
Spectrum 11.75 GHz
8(/ycs:tseg %;;-\XV%%B) generator 12.25 GHz f-=A2GHz
| v ==
| REEZ G Bl
M=12

~_ |12.625 GHz
@12.875 GHz

where:

FTW = the frequency tun-
ing word (binary);

n = the FTW resolution (32
b);

N = the feedback loop
modulus (N = 5);

M = the offset loop fre-
quency multiplier factor

f,.=12.75 GHz

Double- (M =12); and
;ai‘l(ae“rc‘*d fq = the clock frequency

(fclk =100 GHZ).

The feedback loop
modulus is fixed at five
but could be altered to
extended synthesizer
bandwidth, although this
feature may require use
of a switched filter bank to

5. This block diagram represents a linear FM frequency synthesizer operating at a clock frequency of

1 GHz. The clock source is a commercial SAW oscillator.

ramp mode of operation. In this mode,
the frequency, phase, or amplitude can
be varied linearly over time. The AD9910
also features a 14-b, 1.0-GHz sample DAC
and clock capability which provides a
maximum output frequency of 400 MHz
and greater than -80 dBc spurious-free
dynamic range. A wide loop bandwidth
(3 MHz) is required to accurately track
the reference signal frequency agility
and assures phase continuous frequency
agility for modest frequency steps.

A low-noise, commercial 1.0-GHz

surface-acoustic-wave (SAW) oscillator
was used to provide the DDS clock as
well as the reference for the offset loop
local oscillator via frequency multiplica-
tion using a step recovery diode. Under
linear sweep operation, the AD9910 is
dynamically tuned from 125 to 175 MHz
using the digital ramp generator feature.
In accordance with the output frequency
equation, the offset loop and feedback
modulus produce an output signal fre-
quency from 12.625 to 12.875 GHz:

fout= [(FTW/2™)N + M]fet

Table 2: Features and properties of the AD9910 DDS.

Feature/ Data

property

Sample clock

.

Output DAC

Linear ramp
generator
mode

Lo

I/O control serial and parallel

reduced output spurious, increased SFDR

linear in time AM, FM, PM capability which
allows users to control both rising and falling
slopes of ramp, upper and lower boundaries of
d step dwell time

variable control options

LFM synthesizer impact

reduce spurious content.
The offset loop effectively
reduces the feedback loop
modulus from 85 to 5, thereby lowering
the phase noise by 24.5 dB within the
loop bandwidth.

The component elements of the loop
filter are specifically delineated to em-
phasize that accurate tracking and fre-

Video BW 100 Hz

100 kHz
10dsic  Ref 11.23 dBm Noise -108.15 dBiHz
i T

Center 12.7463470 GHz
Res BIW 9.1 kHz

pan 1.000 MHz

#VEW 100 Hz Sweep 1 11 s (1001 pts)

AMir1 1,00 MHz
Nolse -124.08 dB/Hz

-

g182 L |
A O RS o
5 iy S

‘Span 10.00 MHZ.

Center 12.771300 GHz
#Res BW 100 kHz ‘Sweep 336 ms (1001 ptsh

(b)

6. These plots show (a) the narrowband
and (b) the wideband spectra for the
LMF synthesizer.
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quency agility of the AD9910 can only
be assured with a wideband loop; in ad-
dition, and more specifically, the loop
damping must be greater than critical—
i.e.,, > 0.707—to prevent transient over-
shoot and assure asymptotic settling.
Figure 6 represents the center fre-

using two-steps and 5.0-ps dwell time
at each step-note frequency settling less
than 1 ps. The time waveforms of Fig. 7
represent the VCO control voltage under
the indicated frequency agile conditions.
For the conditions specified in Fig. 7(a),
the maximum deviation from linear fre-

quency versus time may be calculated
using the formula of Eq. 5:!
frequencysweeplinear(%) = (Af/AF)100
=(5.0 x 10%)/(250 x 106)100 = 0.002% (5)
This is extraordinary linearity perfor-
mance and ensures that the radar range
measurement resolution is not degrad-

quency (12.75 GHz) spectral quality of
the LEM synthesizer under narrow and
wideband conditions. The phase noise
of the narrow band spectrum (-108 dBc/
Hz offset 100 kHz from the carrier) is near
the phase noise floor of the spectrum
analyzer. An estimate of the phase noise
from the wideband spectrum indicates
phase noise measurement (-124 dBc/Hz
offset 1.0 MHz offset frequency)—which
correlates well with the phase noise esti-
mate (-128 dBc/Hz) in accordance with
refs. 2 and 5.

The dynamic closed-loop response
of the LFM synthesizer is indicated in
Fig. 7 for two ramp generator configura-
tions: (a) a total sweep of 250 MHz using
50,000 steps of 5.0 kHz and 4-ns dwell
time; (b) 10-MHz frequency deviation

(b)
7. The dynamic response of the LFM syn-

thesizer is shown for (a) a 250-MHz sweep
in 50-kHz steps at a 4-ns dwell time and
for (b) 10-MHz steps with 5-us dwell time.
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FMCW RADAR SOURCE

ed due to spectral

spread  following
signal processing.'
The effective- i

PC host
ness of the DDS

based LFM synthe-
sizer as a transmit-
ter and receiver
local oscillator
source for FMCW
radar may be de-
termined with the
closed-loop equip-

S

FFT analyzer __.<}

SRS650 amplifier

LFM synthesizer

-

Cable delay
(150 ns in 100 ft.)

Double-
balanced
mixer

ment configuration
of Fig. 8, where the
LFM  synthesizer
output provides the local oscillator drive
signal for a double-balanced mixer as
well as a received signal. The received
signal is delayed via 100 ft. of RG-141
semirigid cable.”

The IF at the mixer output can be cal-
culated by Eq. 6:
f;= (AF/AT)tq = 3.625 kHz (6)

The equipment produces an IF sig-
nal proportional to the ramp rate and
the time delay associated with the cable.
The output signal is spectrally resolved
to qualitatively determine the linearity
and, possibly, the phase noise. The re-
sults of the closed-loop test are shown in
Fig. 8. Test parameters, collected from a
Hamming window analysis, include fre-
quency deviation of 250 MHz, scan time
of 0.010 s, sample rate of 1 MSamples/s,
FFT length of 10,000 points, frequency
resolution of 100 Hz, range resolution of
83 Hz/m, and cable delay of 145 ns.

Figure 8(a) represents the IF spec-
trum of the LFM source and Fig. 8(b) is
the IF spectrum following substitution of
the model E8257D8 signal generator as
the source for the closed-loop test. Close
examination of Fig. 8 reveals higher sig-
nal-to-noise ratio and narrower spectral
width of the LFM synthesizer IF spec-
trum. The closed-loop equipment func-
tions as an FM discriminator. Therefore,

the broader spectral width of the IF sig-

nal using the E8257D signal generator
is indicative of higher residual FM noise
and/or degraded linearity, since both
conditions will extend the width of the IF

8. The test system for closed-loop evaluation of the LFM
synthesizer employed a Fast Fourier Transform (FFT) analyzer.

signal spectrum. The lower signal level in
the IF spectrum of the E8257D indicates
that signal energy is distributed to adja-
cent frequency bins of the spectrum.
Although the test methodology is
somewhat subjective, the results provide
credible evidence of the quality and suit-
ability of the LFM synthesizer to function
effectively as a source for FMCW radar,
as well as other frequency agile applica-

| @ baiG o
| L

L mriraniirset?

(b)

9. The LFM synthesizer performance

is plotted here for a Af of 25 MHz and a
AT of 10 ms for (a) the LFM source and (b)
a commercial signal generator, a model
E8257D from Agilent Technologies
(www.agilent.com).
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10. The RF section of the LFM synthesizer
occupies only 4 x 4 in. in this assembly.

tions.” Figure 9 offers a view of the RF
section of the LFM synthesizer, revealing
the use of discrete and surface-mount
components. Support electronics, power
supply conditioning, and control inter-
face/functions are integrated on the low-
er surface (not shown). Isolation walls
and energetic grounding techniques are
clearly illustrated and required to reduce
spurious signals. The source features
low-loss microstrip line fabricated on
RO4350 circuit substrate material from
Rogers Corp. (www.rogerscorp.com).
The RF section of the synthesizer is ap-
proximately 4.0 x 4.0 x 0.5 in. (Fig. 10).
To ensure adequate coupling and isola-
tion, attempts were not made to reduce
the size of the synthesizer. MWRF
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Phased-Array Antennas Aid
Wireless Communications

The use of hardware-based NIMO techniques can improve the
performance and increase the coverage area of a wireless
communications system, especially in densely populated areas.

RELESS SYSTEMS overcome a number of different
limitations to provide reliable coverage, including
limited available frequency bandwidth and efficient
use of the available bandwidth. This efficiency can
be boosted by using higher modulation rates, more sensitive re-
ceivers, and more accurate bit error detection/correction meth-
ods. Nevertheless, wireless telecommunication systems must still
comply with the bandwidth or spectrum limitations established
by governing authorities. And once bandwidth is used in one
area, the bandwidth is not available for other systems.

Because of this, current wireless communications technolo-
gies an be limited in terms of data and user capacities. For ex-
ample, a typical GSM cell site divides 360 deg. of coverage into
three sectors with three frequency channels (Fig. 1). Within a
sparsely populated area this may be acceptable; however, net-
works covering dense urban areas often require hundreds of such
cell sites. Such a large number of sites incur high costs associated
with the cell equipment, site management, and site rental. In ad-
dition, with every new site, RF planning becomes more complex.
These same difficulties and high costs impact all wireless com-

munications systems, including third-generation (3G) cellular,
Long Term Evolution (LTE), and WiMAX systems. In a 3G system,
if each of three or six sectors employs the same band (Fig. 2), the
system will suffer a reduction of codes per sector.

Fortunately, wireless non-interfering multiple-output (NIMO)
systems can overcome the bandwidth and capacity limita-
tions in densely populated areas, and even multipath problems.
These systems, as designed and manufactured by ETI, com-
bine beamforming techniques with multiple-input, multiple-
output (MIMO) architectures to provide higher quality of ser-
vice (QoS) than systems based on conventional beamforming
methods. NIMO strategies can provide multiple narrow beams
from a single antenna, enabling improved efficiency, user capac-
ity, and throughput.

The two types of MIMO currently employed in wireless sys-
tems are MIMO Matrix A and MIMO Matrix B. Both use more
than one antenna to minimize signal fading. The antennas can be
placed within a single mechanical structure or exist as separate
mechanical structures. Radios that transmit and receive signals
in these wireless systems can typically select between MIMO Ma-

1050 90°

trix A and MIMO Ma-
trix B. MIMO Matrix
A uses two or more
distinct paths with
the same informa-
tion transmitted to a
subscriber and back
(Fig. 3). If fading or

ose 0

£180°
-1 65°\

-75°

=105° 1 “gye

-150°X

R 5N

multipath affects
one path, atleast one
other path is avail-
able as a backup. A
receiver will be de-
signed to distinguish
or combine two (or
more) signal paths as

S

-120°
-105° _gge =752

1. A typical cellular communications site used three
different frequency channels.

2. A typical 3G cell site repeats the same frequency
in three channels

needed to overcome
the fading or mul-
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PHASED-ARRAY ANTENNAS

MIMO Matrix A MIMO Matrix B

Data stream A

The processing requirements
for software-based beamform-
ing can be sophisticated and
resource-intensive, depending
on the complexity of the chan-
nel (environment) and the num-
ber of subscribers connected on
the system. Implementation of
software-based beamforming ap-
proaches can result in delays of 5
to 10 ms. Such delays are not an

3. in the MIMO Matrix A approach, both data
streams A and B carry the same signals.

tipath effects. In a MIMO Matrix B approach, two (or more) dis-
tinct signal paths carry different signals over the same frequency
band (Fig. 4). In this method, twice as much data can be transmit-
ted, increasing the efficiency of the link. The signals are received
at different times or with sufficiently different directions of arrival
to differentiate them.

Beamforming techniques create a narrow beam from a high-
gain, phased-array antenna to link a subscriber and base station.
Of the two types of beamformers, one uses software to mathemat-
ically construct the beam and the second, NIMO, employs hard-
ware for the same effects.

Beamforming can generally increase the power of a signal in
the direction in which it is transmitted. For reception, it can in-
crease receiver sensitivity in the direction of desired signals and
decrease sensitivity in the direction of interference and noise. In
these ways, beamforming can provide longer communications
distances and wider coverage areas. With NIMO, a greater num-
ber of subscribers can be reached with higher data rates.
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4. In the MIMO Matrix B approach, data stream
A carries different data than data stream B.

issue with NIMO systems.

NIMO provides multiple si-
multaneous narrow beams (Fig.
5) using a single phased array antenna and provides improved
characteristics compared to conventional beamforming tech-
niques. As many as 48 beams may be employed in a 360-deg.
angle; for mobile systems as many as 12 beams is recommended.

Compared to traditional MIMO systems, NIMO methods offer
numerous advantages, including high antenna gain, long com-
munication distances, and reduction in implementation costs
compared to other approaches. The main disadvantage of NIMO
is the lack of an adaptive phased-array antenna scheme. (Fig. 6)

To overcome the limitations of modern wireless communi-
cation systems, equipment manufacturers have devised various
equipment improvements. Phased-array antenna subsystems
are employed for some of these techniques. While increasing the
modulation rate can increase data speeds per customer, there are
limits to the distances over which higher modulation rates can be
used.’ Fortunately, hardware-based NIMO techniques can pro-
vide significant advantages compared to software-based beam-
forming approaches. MWRF
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5. This is a graphic depiction of a NIMO system with 24 beams
and 3 frequency channels: F1, F2, and F3.

6. This is a graphical representation of a NIMO system with two
channels: F1 and F2.

Anril 2012 | Mierowaves&RF



Features
- Cost Effective
- Eliminates Noisy Multipliers

- Patented Technology

Applications

FCTS800-10

KFCTS800-10

KFSA1000-100 1000 -145 -160 !
Test & Measurement Equipment
High Frequency Network Clocking
= o 15 i :
FXLNS-1000 1000 149 194+ @ Scanning & Radar Systems
High Performance Frequency Converters
FCTS1000-10 1000 -147 -160

ase Station Applications
gile LO Frequency Synthesis

KFCTS1000-10 -160

Ultra Low

Noise Floor

Call Factory For Your Specific Requirement

LI DL A PRRE Phone: (973) 881-8800 | Fax: (973) 881-8361
W O = :
@D U Ve RRR R E-mail: sales@synergymwave.com | Web: www.synergymwave.com

MICROWAVE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504



DesignFeatfure

SAABRA DEEN

Design Engineer

Osctek Ltd., Harrow, Middlesex, United Kingdom;

+44 (0) 2084207043, e-mail: saabradeen@yahoo.com, www. osctek.com.

Optimize Varactor-
Tuned Osclllators

This simple model helps fo understand the funing sensitivity and linearity
of a varactor diode for more predictable and precise tuning of oscillators

at millimeter-wave frequencies.

 ILLIMETER-WAVE FREQUENCY bands are attrac-
tive for their wide available bandwidths. There are
a number of ways to generate these signals but,
b | [ for each type of oscillator, it is desirable to be able
to tune the source electronically, as well as in a defined, con-
trolled, and consistent manner. By using a suitable reactive de-
vice (such as a varactor diode) for tuning these millimeter-wave
oscillators, the relationship between an applied voltage and
the resulting frequency can be precisely defined. This can aid
the design engineer in achieving the required spectral perfor-
mance at these higher frequencies.

Oscillators developed for use at millimeter-wave frequencies
are typically designed around waveguide housings. Electronic
tuning of a waveguide-type oscillator can be accomplished in
a number of ways. Additional information can be found in the
technical literature (ref. 1) and in a recent article (ref. 2). The
tuning sensitivity of a millimeter-wave varactor-tuned oscilla-
tor (VTO) can be estimated by means of relatively simple mod-
els, and this article hopes to provide some sights into the tuning
relationship. Usually, the approach is to keep the fixed capacity
with the varactor diode as large as possible, using the varactor
diode to control the resonant frequency to the greatest extent.
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Varactor voltage

1. Frequency variations can occur due to variations in varactor
diode voltage.

Avaractor diode is essentially an active device with positive-
negative (PN) junction which has reverse bias applied. This re-
sults in a movement of charge carried away from the junction,
so that this region is referred to as the depletion layer. The de-
pletion layer has charge on either side of the junction and acts
like a parallel-plate capacitor. The capacitance relationship for
a parallel-plate capacitor is C = eA/W, where:

A = the effective cross-sectional area of the device,
¢ = the relative dielectric constant of the depletion layer, and
W = the width of the depletion layer.

Application of a voltage results in an increase of the deple-
tion layer width, effectively altering the capacitance.

The typical fabrication process for a varactor diode results in
a device with a mesa structure. This device can be mounted in a
number of different standard and custom housings to simplify
handling. The junction capacitance and associated parasitic
circuit elements can be included in a simple equivalent circuit
for modeling and simulation purposes.

The selection of a suitable semiconductor device for a varac-

i
|
|
1
%
EarthL

(ground

S
Isolator

Coupler

Oscillator
under test

2. This block diagram shows the instruments needed for the VCO
test system.
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OPTIMIZE VARACTOR OSCILLATORS

tor diode can make an impact Gunn oscillator to compare
on the performance of the di- —— 0.5gamma—GHz ---- 0.5gamma—dBm performance levels.

ode, although this receives e - 32$$2:‘é.‘j§ o gimii‘jgﬁ Bach  varactor/oscillator
little coverage in the literature. combination was evaluated
Varactors are true diodes with - TS with a test system that includ-
a clearly defined junction, Zj.z . 1 +11; ed a DC power supply for tun-
which can be characterized by § sl sl s & ing the varactors (Fig. 2). The
means of a particular doping S s e e output of the Gunn oscillator
profile; this is effectively cap- 5 e i ql) in each case was monitored
tured in the gamma param- S s "’ 1 § with the aid of high-frequency
eter for each varactor diode. 2 s oo . test instruments that included
The gamma parameter can Gl o a frequency counter, spectrum
be placed in two categories: o1l / 5 analyzer, and power meter. A
abrupt and hyperabrupt. Quite 91.0 w ! i frequency mixer was used to
simply, a varactor diode is ef- 0 1 g e U 218 45 translate the Gunn oscillator's
fectively a variable reactance Varactor voltage—V outputs to frequencies within

which is a function of some ap-
plied DC tuning voltage. More
detailed models of varactor
diodes are available in the literature,
which are useful for a specific package or
unpackaged devices. To obtain a general
understanding of a varactor diode’s be-
havior, it would be reasonable to ignore
packaging and parasitic affects in the
first instance, as this allows the designer
to appreciate the merits of such devices.

This basic approach leads to the fol-
lowing expression:

(Garavall (1)

where:

V = control voltage;

k =a constant;

C, = varactor capacitance; and

I = the gamma or doping profile.

For the case where the circuit capaci-
tance is much greater than the varactor
capacitance, or if Cq << Cy:

F = (L/Cy)** > F=K/(C,)®® (2
where:

F = the resonant frequency;

L = the circuit inductance; and

K= a constant.

Combining Egs. 1 and 2 yields an ex-
pression that represents a relatonship

e

3. These curves show the changes in frequency for different
applied varactor voltages.

between frequency and voltage:
F=K/[k(V)F > = V"2

in which the importance of the varactor
material’s doping profile can be clearly
seen on both sides of the equation.

This very simplistic approach pro-
vides a basic relationship between fre-
quency and the applied voltage, with I
representing a doping constant, equal to
0.5 for an abrupt diode and 1.0 or 1.25 for
a hyperabrupt diode:

=05 >F= V02
F=10>F= V"?
L=20 SE=V

In reality, it is difficult to achieve a
practical diode capable of T' = 2.0, al-
though devices with values equal to 1.0
and 1.25 are commercially available.

A more detailed analysis® of a varac-
tor’s influence on frequency tuning can
be complicated. This is due to the issues
of the varactor construction and device
to device variation, as can be seen in Fig.
1. Package assembly and parasitic circuit
elements can have profound effects at
high frequencies in particular the type
and shape of the internal bond wires. For
this analysis, a number of commercially
available packaged varactor diodes were
procured and installed into a W-band

range of the test equipment.

Although the varactor pack-
age type was the same in each
case, each device package had its own
subtle differences in dimensions as well
as in internal construction, with ramifi-
cations at the higher frequencies. Differ-
ence between sources can occur because
of variations in reactance and skin effect
due to fringing fields, the lengths of cur-
rent paths, and various parasitic effects.
No serious efforts were made to optimize
the circuit, particularly for power. Mea-
sured performance is shown in Fig. 3.

The crude model and measured data
demonstrate that the tuning sensitivity
(and thus, linearity) can be influenced
significantly by the selection of a suitable
varactor diode. This also opens the pos-
sibility of tailoring the doping profile of
the varactor diode to achieve a specific
tuning sensitivity; this could be achieved
during the semiconductor fabrication
process. However, in practice, linear
tuning must take into account circuit
and oscillator characteristics as well as
the varactor diode. MWRF
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Measure Noise Without
A Calibrated Source

This new fechnique is based on a variation of the Y-factor
method to achieve accurate noise-figure measurements

without the need for a calibrated noise source.

ANUAL NOISE-FIGURE measurements are often
necessary when automated measurement systems
are not available. One of the more popular tech-
, iniques for making noise-figure measurements is the
Y- factor method, which is accomplished with the aid of a hot/
cold noise source to provide two different noise power levels (for
this article, cold will be assumed at 290K). The difference between
the two noise power levels is the excess noise ratio (ENR), which
is given numerically by (Ty; - Tc)/ T, where Ty represents the hot
temperature and T is the cold temperature. Under true imped-
ance-matched conditions, the actual available noise power would
be equal to KTB, where k is Boltzmann’s constant (1.3806503 x
102 m2kg/s?K), T is the temperature (in degrees Kelvin) or S/B
(in Kelvin), and B is the bandwidth of the circuit under test.

The Y-factor is the ratio of output noise power from a device
under test (DUT) with the noise source set to hot, divided by the
output noise power with the noise source set to cold. Using the
Y-factor approach, the noise figure of a DUT can be calculated by
using Eq. 1:

Noise figure of DUT = 10log;o[ENR/(Y - 1)] (1)
where ENR is the numerical ratio of the ENR in dB, or ENR =
10(ENR/10) The ENR is defined as (Ty; — 290)/290. Figure 1 shows a
typical setup for measuring the Y-factor. The resistor in the noise
source is a fictitious component with a body temperature that can
be changed to produce different levels of output noise power.

Table 1: Noise figures measured for the spectrum analyzer,
using standard and variation Y-factor methods.

ENR
(dB)

Measured
Py (dBm)

Noise

Ti dTi dENR
temp.

15467.7 | 9450.1

10116.5 K

Y-factor

Noiseless DUT
Gain=G

Noise source _ (Noise power, hot)/

> (Noise power, cold)

oy
S

o
o

(Effective input noise temperature)

1. This basic circuit is used to evaluate the Y-factor of a
DUT when using a calibrated noise source.

The resistor at the input of the DUT, Tg, represents a ficti-
tious resistor at a temperature of Tg K that, when multiplied
by the gain of the DUT, would produce the proper amount
of noise at its output corresponding to its internally gener-
ated noise. The input noise temperature is related to the noise
figure by Eq. 2:

Tg = 290(NFac - 1) (2)
where NFac, the noise factor, is the numerical value of the noise
figure—e.g., NFac = 10[(Noise Figure)/10]

As shown in Fig. 1, the standard circuit for a noise figure mea-
surement is simple and can provide an accurate measurement
of the DUT’s noise figure if one were able to accurately measure
the output noise power of the DUT. Since an instrument must
be used to make the noise power measurement at the output of
the DUT, the noise
power measure-
ment is a com-
posite of the noise
power coming out
of the DUT, along
with the internal
noise  generated
by the measuring
device (for manual
measurements, the

Standard
Y-factor
method

Nfig

dy/

dY  4eNR

Nfac Nfig
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NOISE FIGURE MEASUREMENTS

measuring instrument is usu-
ally a spectrum analyzer).
Spectrum analyzers usually
have a large noise figure in the
20-t0-30 dB range or, for more
sophisticated instruments with
an internal preamplifier, the

Noise source

with the analyzer. One impor-

DUT

3

Z

%
I—’&W—

Source noise connected
directly to DUT

Spectrum
analyzer

tant difference is that results
with the new method are ob-
tained by means of the deriva-
tive of the Y-factor. Measure-
ments are independent of the
absolute value of the input ex-

noise figure may be reduced
to the 10-to-15 dB range. The
typical procedure for making a
noise-figure measurement is to first mea-
sure the noise figure of the spectrum ana-
lyzer by placing the noise source directly
on the analyzer’s input port. A measure-
ment is then made with the DUT placed
between the noise source and the input
to the spectrum analyzer, as shown in Fig.
2. Once the two measurements have been
made, the noise figure of the device is cal-
culated from the following equations:

Noise factor of spectrum analyzer =
ENR/(YSA = 1) = NFaCSA (3)

2. A spectrum analyzer can also be used for measuring the
noise figure of a DUT.

Total noise factor of the DUT plus the
spectrum analyzer:
NFacrora = ENR/(Yrorar, - 1) (4)

Noise factor of the DUT = NFacrorar, —
(NFacSA = 1)/GDUT (5)

where Gpyr is the gain of the DUT.

The novel noise-measurement ap-
proach about to be described follows the
procedure for first characterizing the noise
figure of a spectrum analyzer, and then
evaluating the noise of a DUT in cascade

SAW
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cess noise level to the DUT and
eliminate the need for a cali-
brated noise source.
The new method begins with the
standard equation for the noise factor of
a DUT, given the ENR of the noise source
and a Y-factor measurement as detailed
in Eq. 6:

NFac =ENR/(Y-1) (6)
Rearranging terms results in Eq. 7:
Y = ENR/NFac + 1 @

Taking the derivative of each side with
respect to the ENR yields Eq. 8:

dY/dENR = 1/NFac (8)
which leads to Eq. 9:
NFac = 1/(dY/dENR) 9)

What this shows is that the noise fac-
tor of a DUT can be determined without
knowing the absolute ENR; only the dif-
ference in ENR, which results in a dif-
ference of the Y-factor measurement, is
needed. This new noise factor approach
consists of making two Y-factor mea-
surements at two different noise power
levels at the input of the DUT. These
two Y-factor values, along with the cor-
responding source noise power values,
provide the information needed to con-
struct the AY and AENR values. These will
produce the slope or dY/dENR, producing
the noise factor result according to Eq. 9.

The method used to vary the ENR in-
volved using an arbitrary source of noise
power (e.g., a high-gain amplifier) with
its noise output level controlled by a
step attenuator. This produces a range
of ENR values based on the setting of the
step attenuator. This method does not

Al ON49 | Mlionnmiavune S RE



Phase Noise

TEgueny (W ) Voit:;: i(n\?nc ) vm? (é?i[an:ax.] : dB@cl:,:)k{T';p_]
HFS0640-5 640 0.5-12 +5@ 35 mA -151
HFSO745R84-5 745.84 0.5-12 +5 @ 35 mA -147
HFSO776R82-5 776.82 0.5-12 +5@35mA -146
HFS0800-5 800 0.5-12 +5 @ 30 mA -146
HFSO914R8-5 914.8 05-12 +5 @ 35 mA -139
HFS01000-5 1000 05-12 +5 @ 35 mA -141 f%
HFS01000-12 1000 0.5-12 +12 @ 35 mA -141 |

Patant”ekd T‘B‘l':illiﬂml‘.ﬂv

SAW VGO Features
- Small Size 0.5"x 0.57
- Very Low Post_Tnermfal‘nritt

Phone: (973) 881-8800 | Fax: (973) 881-8361
E-mail: sales@synergymwave.com

Web: WWW.SYNERGYMWAVE.COM

Mail: 201 McLean Boulevard, Paterson, NJ 07504



 Distributed Amplifier

ECLIPSE

Microwave Devices

 DC-24GHz
 GaAs MMIC

Mixers
_ Limiters |

Detectors

Equalizers

lity products

 that serve the needs

“of the industry.

"? Today and tomorrow{f

:'408 526 H oo

- 4085261105

-

: otes@echpsemdx com

WWW., echpsemdi com

' ECL&PSE M;crowcwe, Inc
. 2095-60 Ringwood Ave

 SonJose CA95131

NOISE FIGURE MEASUREMENTS

3. A spectrum Noiseless spectrum
Uncalibrated ; analyzer

analyzer can also be noise source Effective input  Noiseless DUT \
used when measur- i 1 noise of DUT \
ing the change in : : Spectrum
ENR of an uncali- i ; ] e
brated noise source 5 i !

: 1 Cable,

1 1

to check the noise
figure of a DUT.

unknown
loss

Effective input noise
of spectrum analyzer,
reflected to input of DUT

require knowledge of how much noise
power is being generated, nor details
about the attenuation characteristics of
the step attenuator. The only purpose of
the noise source/attenuator is to provide
two different levels of noise power. This
also means that a cable with unknown
loss characteristics can be used to con-
nect the noise source/attenuator to
the DUT without impacting the noise-
figure calculations.

The key to this new noise measure-
ment approach is to determine the change
in ENR at a DUT’s input, using power
readings from the spectrum analyzer
translated to the input plane of the DUT.
For example, if the spectrum analyzer
reads —121 dBm, and the gain between the
input to the DUT and the input to the spec-
trum analyzer is 15 dB, then the translated
noise power at the input reference plane of
the DUT would be -136 dBm. The noise
temperature model of Fig. 3 shows how
the internal noise power generated by the
analyzer can be translated to the input
reference plane of the DUT as an effective
input noise temperature. The effective in-
put noise power at the input to the DUT is
a composite of three sources:

1. The input noise power (generated by
the noise source);

2. The effective input noise power of
the DUT (related to the noise figure of the
DUT); and

3. The effective input noise power of
the spectrum analyzer translated to the in-
put of the DUT (related to the noise figure

of the spectrum analyzer).
This can be written as:
Py = KB(Ty + Tpur + Tsa) (a)
and
Pyp = KB(Ts2 + Tpur + Tsa) (B)

where P(p),; is defined as the effective in-
put noise power into the DUT for different
values of hot input temperature, Ty;, and
is determined from the measurements by:

P(p)yi = 10[(Pyp measureD - Gaingg)/10]

and where parameter Gaingg represents
the small-signal gain (in dB) from the in-
put of the DUT to the input of the spec-
trum analyzer.

Taking the difference of the two noise
powers, P(p)n2 - P(p)n1, vields Eq. 10:

APy, = KB(Txz - Trn) > (Thz - T =

AP,/KB (10)

Table 2: Noise figure of the spectrum analyzer determined
by using the difference in ENR directly from
calibrated noise source data.

ENR
linear

Measured
Po (dBm)

Noise
temp.

10116.5 K

dENR Y-factor dY

dY/
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NOISE FIGURE MEASUREMENTS

At this point, it is necessary to solve for AENR by means of Eq.
1k

ENRI = (THI =7 290)/290
and
ENRZ = (THZ = 290)/290 > AENR = ENRZ o ENRI = (THZ = THl)/ZSO

and from Eq. 10,

- AENR = AP,/(290KB) (11)
Parameter dY can be calculated from Eq. 12:

Yl i 10(Pn1 -Pn0)/10)

and

Y2 = 10(Pn1 —Pn0)/10) (12)

where P, is in dBm and P, is the noise power measured on the
spectrum analyzer with an input noise power to the DUT 0f290 K
(the input of DUT terminated with a matched load at 290 K):
9AY=Y2—Y] (13)

To evaluate the new noise figure test method, measurements
were made of a spectrum analyzer’s noise figure (with the pream-

plifier turned on) using two calibrated noise sources. Using the
standard Y-factor method for the two different ENR noise heads,

a noise figure of 13.34 dB was measured for the ENR head with
15.30 dB value. For the second calibrated noise source, with an
ENR value of 20.15 dB, the standard Y-factor method yielded a
spectrum analyzer noise figure of 13.26 dB. Using the new meth-
od detailed in this article yielded a noise figure of 13.17 dB for the
two different ENR noise heads (Table 1).

The noise figure of the spectrum analyzer was also evaluated
by means of a method in which the difference of the two ENR
noise heads is used with the calibrated noise source data. This
is the new method detailed in this report, in which the difference
in ENR is determined by taking the difference in the ENR values
of the calibrated noise sources (Table 2). The value of the spec-
trum analyzer’s noise figure from this approach, at 13.22 dB, was
roughly between the values of the first measurement approach
and the result from this new approach. Additional measurements
were made [results available in the online version of this article
(www.mwrf.com) as Tables 3, 4, and 5] to show the effectiveness
of the new method using a model HP 8970A noise figure test set
from Hewlett-Packard/Agilent Technologies (www.agilent.com),
with results available for both the measurement equipment and
the amplifiers under test.

In summary, a manual noise figure test method has been pre-
sented which eliminates the need for a calibrated noise source.
The method is as accurate as the previous Y-factor method, while
eliminating the expense and calibration routine associated with a
calibrated noise source. The method allows the use of a lossy test
cable to connect the noise source to the DUT without any need to
account for the cable’s loss in the noise figure calculations. The
accuracy of this method will also depend upon such parameters
as measured gain accuracy and ambient room temperature. MWRF
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Helical Antenna
Links GSM/UMTS

This compact, circularly polarized, duakband antenna
provides sufficient bandwidth making it ideal for GSM

and UMTS base-station applications.

NTENNAS ARE vital to modern communications sys-
tems. But as the number of wireless services grows, the
number of antennas across the landscape grows, en-
‘couraging the design of more compact antenna struc-
tures and multiple-antenna solutions. To meet these needs, the
authors have developed a compact, dual-band circularly polar-
ized antenna for cellular Global System for Mobile Communica-
tions (GSM) systems. It consists of a pair of helical antennas with
the same axial coordinate. The outer helical antenna covers the
GSM 900-MHz band while the inner antenna is for GSM-1800
MHz and Universal Mobile Telecommunications System (UMTS)
1900-MHz use. Each antenna employs a different rotation to min-
imize mutual coupling effects and provide high isolation.

Demands for mobile cellular communications services, in-
cluding voice, short message service (SMS), and high-speed data,
continue to increase with the growing number of cellular com-
munications users. For high-capacity mobile stations (MS), op-
timum dimensioning or cell planning is needed, requiring place-
ment of microcells within macrocells for maximum coverage.!
Yet, multipath fading is one of the major problems to be over-
come in wireless cellular communications networks, and it can
be alleviated through space or polarization diversity.?

In space diversity, two receiving antennas at the base trans-
ceiver station (BTS) are separated by a distance of minimally 10

times the operating wavelength. In polarization diversity, a pair
of dipole or slot antennas with +45-deg. slant polarization is used.
Since these conventional schemes require a large area for instal-
lation, the design of a compact, dual-band antenna is more ap-
plicable for use in a microcell.

To reduce multipath fading effects for BTS antennas, the use
of single circularly polarized antennas is often preferred instead
of conventional space or polarization diversity antennas. There is
no need to align a circularly polarized antenna due to the flexible
reciprocal orientation between the transmitter and receiver anten-
nas. Therefore, a circularly polarized antenna can be used instead
of two separate antennas using space or polarization diversity.

Although a number of dual-band GSM handset antennas have
been reported in the literature,®* some research was performed
on designing GSM antennas for BTS applications with high-gain
performance. In ref. 5, for example, the feed network of a conven-
tional BTS antenna was modified to achieve a broader impedance
bandwidth to cover the UMTS 1900-MHz and GSM 1800-MHz
bands simultaneously. However, their final antenna structure
was not able to cover the lower-frequency GSM 900-MHz band.
In ref. 6, a compact printed dipole antenna was proposed for
dual-band GSM applications with a +45-deg. slant polariza-
tion. However, the dipole antenna exhibited low gain, making
it inappropriate for use in outdoor GSM applications.

In the current report,
a compact circular polar-
ized antenna was devel-
oped for both GSM and
UMTS frequency bands.
It consists of two axial-
mode helix antennas,
closely mounted, with
inner and outer antenna
sections resonating at
1770 to 1870 MHz and at
890 to 990 MHz, respec-

1. These different views show a (a) side view of the proposed dual-band antenna, (b) a top vide of the
antenna, and (c) a photograph of the fabricated prototype used in testing.

tively. This configura-
tion reduces the dimen-
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2. These are measured S results for the proposed dual-band

helical antenna.

sions of the antenna without affecting its
performance. The compact antenna was
designed to produce stable radiation pat-
terns, making it a viable candidate for mi-
crocellular GSM base stations as well as for
portable BTS use. In addition to covering

helical antenna.

one. As part of the design of an axial-mode
dual-band helical antenna, the circumfer-
ence of each of the helical antennas was
chosen as approximately one wavelength.

The antenna parameters of each helix
should be designed to operate at its de-

3. These are measured S, results for the proposed dual-band

sired frequency bands with good imped-
ance matching (S;; < -15 dB). It is desired
that each helical antenna has negligible ef-
fects on the other antenna. For thatreason,
each of the helical antennas is employed
with different circular polarization, which

both GSM bands, itcan also cov- 5

should result in the mutual

er UMTS band frequencies.
Figure 1 shows the proposed
dual-band helical antenna, with
aside view in Fig. 1(a), a top view
in Fig. 1(b), and a look at the en-
gineering prototype in Fig. 1(c).
Simulation of the antenna was
performed with the commercial
computer-aided-engineering
(CAE) software Ansoft HFSS
from Ansys (www.ansys.com). It

Axial Ratio—dB

w
T

GSM2

i sl L i el i i e
B L T

— Simulation
® Measured

coupling effects between the
antennas to be diminished.
For good impedance
matching between the imped-
ance of the helical antenna
(140 Q) and a conventional
50-Q 7/16 coaxial connector, a
90-deg. impedance transform-
er was used. The optimized
¢ parameters of the compact,
dual-band circularly polarized

is a three-dimensional modeling
package based on electromag-

12 1.4 171819

Frequency—GHz

0.7 0.8 0.9 1.0

2021820

helical antenna were as fol-
lows: H; = 6; H, = 52; H3 = 34;

netic (EM) simulation.
The antenna consists of a
pair of helical antennas with the

4. These plots compare the simulated and measured axial ratio val-
ues at boresight for the dual-band helical antenna.helical antenna.

Hy = 4*52; Rgyq = 145; Ry = 23;
R, =50; and W; = W, = 18. The
inner helical antenna has 6.2

same axial coordinate and differ-
ent rotation orientation, nested
in each other. The inner helical
antenna is responsible for GSM
1800 MHz and UMTS 1900 MHz
using left-handed circular polar-
ization (LHCP) while the outer
antenna is responsible for GSM
900 MHz using right-handed
circular polarization (RHCP). By
designing two helical antennas

180

turns while the outer helical
antenna has 4 turns. The he-
lical antenna wire diameter is
fixed at 3 mm. The fabricated
prototype of the proposed an-
tenna is shown in Fig. 1(d).
Figures 3 and 4 show the
measured S-parameters for
the proposed dual-band heli-
cal antenna. As it can be seen,

with the same axial coordinate, it
was possible to achieve the per-
formance of two separate anten-
nas in the physical space of only

respectively.

5. These plots show the measured radiation patterns for the
dual-band antenna at (a) 950 MHz and (b) 1800 MHz. The blue
solid lines and red dashed lines represent ¢ = 0 and 90 deg.,

the antenna’s impedance
matching for port 1 (the inner
helical antenna) is well below
-10 dB in the 1700-to-2200-
MHz frequency band allocat-
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6. These plots show the measured peak gains for the dual-band
helical antenna in the two frequency bands of interest.

ed to GSM and UMTS use. In addition, the impedance matching
of port 2 (the outer helical antenna) is well below —10 dB in the
800-t0-1000-MHz frequency band.

Figure 4 shows the simulated and measured results of the an-
tenna’s axial-ratio (AR) performance. The antenna yields good
results, with AR of less than 3 dB in the frequency bands of 800
to 1000 MHz and 1700 to 2200 MHz. Figure 5 shows the mea-
sured radiation patterns for the proposed dual-band antenna at
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7. This plot shows the coverage area of the proposed dual-band
antenna assuming a 40-m elevation and tilt angle of 12 deg. from
horizontal at (a) 950 MHz and (b) 1850 MHz.
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950 and 1850 MHz. As can be seen, the antenna delivers stable
radiation patterns in both the principle plane of ¢ = 0 and 90 deg.
at both frequencies. Figure 6 shows the peak gain results for the
proposed dual-band antenna. The peak gain varies slightly be-
tween 9 to 11 dB in the two separate frequency bands.

To calculate the coverage area for the proposed dual-band an-
tenna the Okumura-Hata-COST2317 model was used as a chan-
nel model. For the sake of calculating the link budget using this
antenna, a height of 40 m above the ground was assumed, with
a 12-deg. tilt angle with respect to horizontal. These values of tilt
and height are common in terrestrial BTS antennas to provide
maximum achievable coverage.

The link budget parameters were considered as follows. The
receiver antenna gain and transmitted power for the mobile
station were set at 0 dB and +29 dBm, respectively. The average
building height of the modeled operating environment, the mo-
bile station height, the street width, and miscellaneous loss (in-
cluding cable losses and losses within the BTS equipment) were
assumed to be 15m, 1.8 m, 10 m, and 13 dB, respectively. Figure
7 shows the expected coverage area (in km) for the proposed an-
tenna at 950 and 1850 MHz.

In summary, a new compact dual-band dual-port helical an-
tenna for GSM 900, GSM 1800, and UMTS 1900 MHz was pre-
sented. The antenna consists of a pair of helical nested in each
other with the same axial coordinate and different rotational
orientation. A prototype of the antenna was fabricated and the
measured results show that the antenna has good S-parameters,
stable radiation patterns, and appropriate peak gain for true du-
al-band operation. The coverage area of the proposed dual-band
circularly polarized antenna, as determined by the Okumura-Ha-
ta-COST231 channel model, when the antenna is mounted on a
conventional base station, indicates that this design is suitable for
use in portable and microcellular BTS applications. MWRF
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ApplicationNotes

GET A HANDLE On Oscillator Phase Noise And Jitter

,HASE NOISE GREATLY
differs between com-
.~ modity and high-perfor-
mance crystal oscillators. Yet
its impact can be significant,
as the oscillator’s phase-noise
characteristic dominates sys-
tem performance. An applica-
tion note from Crystek Corp.'s
Ramén Cerda, titled “Impact
of ultralow phase noise oscilla-
tors on system performance,”
offers a useful tutorial on both
phase noise and jitter.

The document starts
with a basic definition of
phase noise—the rapid,
random fluctuations in the

Crystek Corp.,
12730 Commonwealth Dr.,

Fort Myers, FL 33913; (239)
561-3311, www.crystek.com.

phase component of a signal
source's output signal. It
moves on to explain the
noise floor, emphasizing
that the goal is to maximize
the signal and minimize the
noise for a high signal-to-
noise ratio (SNR). Noise on
a carrier is either random or
deterministic. While random
noise spreads the carrier,
deterministic noise generates
sidebands on the carrier.
When specifying spectral
purity of an oscillator or signal
source, one standard mea-
surement bandwidth should
be used to make any com-
parisons of different oscillators
meaningful. After all, when
the resolution bandwidth on a
spectrum analyzer is changed,
the noise magnitude also

changes. The industry has
agreed upon the “normalized
frequency,” which is the cor-
relation bandwidth for phase-
noise measurements of 1 Hz.
Few spectrum analyzers
have a 1-Hz resolution band-
width. The tutorial explains
that a spectrum analyzer
will specify how close to the
carrier it can measure. For
measurements closer than this
minimum resolution band-
width, it is possible to normal-
ize the reading to 1 Hz.
Because a signal’s noise
spectrum is symmetrical
around the carrier frequency,
it is only necessary to specify
one side. The section closes
by noting that phase noise
is defined in three ways: the
characteristic randomness of

frequency stability; the short-
term frequency instability of
an oscillator in the frequency
domain; and the peak carrier
signal to the noise at a specific
offset off the carrier.

The note closes with a
discussion of jitter, which is
oscillator noise performance
characterized in the time
domain. It is a variation in the
zero-crossing times of a signal
or a variation in the signal pe-
riod. As phase noise increases
in the oscillator, so does jitter.
The note closes by explaining
that a true ultra-low-phase-
noise oscillator uses a discrete,
high-performance topology
with a precision packaged
crystal that has a Q greater
than 70,000 for superior

close-in phase noise.

TAKE AN IN-DEPTH LOOK At IEEE 802.11ac

IVEN THE SUCCESS of the IEEE

802.11-2007 standard, the indus-

try was inspired to make wireless
networks perform as well as their wired
brethren. One result of these efforts is the
802.11ac amendment, which offers mech-
anisms to increase throughput and en-
hance the wireless-local-area-networking
(WLAN) experience. Elaborating on this
standard is a new white pa-

one spatial stream. The 80-MHz channel
comprises two adjacent, non-overlapping
40-MHz channels. The 160-MHz channel
may be formed by two 80-MHz channels,
which can be adjacent or non-contiguous.
Like its predecessors, IEEE 802.11ac
uses orthogonal-frequency-division mul-
tiplexing (OFDM). OFDM utilizes equally
spaced subcarriers to transmit data. The
number of subcarriers in

per, “802.11ac Technology
Introduction.”

Beginning with sections
on IEEE 802.11ac core doc-

Rohde & Schwarz,
Muehidorfstrasse 15, 81671

Munich, Germany,
www.rohde-schwarz.com.

the IEEE 802.11ac signal
depends on the band-
width. To make sure that
all IEEE 802.11 devices can

uments and key require-
ments, the 28-page document seeks to tru-
ly provide a primer on this technology. The
main requirements for IEEE 802.11ac are
backwards compatibility and co-existence
with IEEE 802.11a and 802.11n devices, as
well as certain performance goals for sin-
gle-station and multi-station throughput.
IEEE 802.11ac devices must support 20-,
40-, and 80-MHz channels together with

P

synchronize to the packet,
IEEE 802.11ac sends the same preamble
in each 20-MHz sub-band. Yet this results
in a high peak-to-average-power ratio
(PAPR), which limits power-amplifier (PA)
efficiency. The subcarriers of the upper 20-
MHz sub-bands are rotated to compen-
sate for this effect.

The white paper touches on the IEEE
802.11ac transmitter specification. The

measurement for its mask is made using
a 100-kHz resolution bandwidth and a
30-kHz video bandwidth. The lowest pos-
sible mask value will be -59 dBm/MHz. To
figure out whether the subcarriers have a
similar amount of power, spectral flatness
can be used. The average energy of a range
of subcarriers is determined. The next step
is to verify that no individual subcarrier’s
energy in that range deviates by more than
the value specified.

With the 160-MHz spectral flatness
specification, an 80+80-MHz transmitter
can transmit the two 80-MHz segments
adjacent to each other for reception by a
160-MHz receiver. Similarly, a 160-MHz
transmitter may be received by an 80+80-
MHz receiver. As a result, both 80+80-
MHz adjacent signals and 160-MHz sig-
nals must be considered when deriving
the 160-MHz spectral-flatness test. The
paper offers many details and tips like
this to provide an excellent resource on
IEEE 802.11ac.

April 2013 | Microwaves&RF
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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 @ 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°.

O 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!
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JACK BROWNE | Technical Contributor

1. The PXA X-Series
signal analyzers are
available with real-time
analysis bandwidths

of 85 or 160 MHz for
center frequencies from
3.6 to 50 GHz.

REAL-TIME
ANALYZERS

A new line of high-speed

spectrum analyzers boasts
excellent sensitivity and
capture bandwidths of

85 and 160 MHz.

Grab 50-GHz Signalls

IGH-FREQUENCY SIGNALS
grow more elusive with time,
making the task of a spectrum
or signal analyzer to capture
them more challenging with each new
generation of commercial and military
electronic systems. In response to the
increasing agility of modern signals, the
PXA X-Series signal analyzers with real-
time spectrum analysis (RTSA) from
Agilent Technologies (www.agilent.
com) provide a measurement range of
50 GHz. These analyzers can record and
study a wide range of signals, from ex-
tremely short and intermittent signals
to traditional sine waves, with a high
probability of intercept (POI).

PXA X-Series models are available
with real-time spectrum analysis band-
widths as high as 85 and 160 MHz. In ad-
dition, they can capture low-level signals
with sensitivity of -157 dBm at 10 GHz,

without the assistance of an additional
preamplifier. These RTSAs are equipped
to record and play back the most short-
term and complex modulated signals
found in modern commercial, industri-
al, and military electronics systems and
their components—even when those sig-
nals are designed to be difficult to detect.

Of course, the term “real time” can
have a variety of meanings. It is prob-
ably best associated with a digital sam-
pling oscilloscope but, as seen with the
PXA instruments, can also be applied
to spectrum analysis. Agilent offers a
thorough education on what “real time”
means in terms of the company’s in-
struments (at http://www.agilent.com/
about/newsroom/tmnews/background/
real-timePXA/). In essence, a real-time
analyzer is capable of providing calcu-
lation and acquisition speeds that are
fast enough to deliver gap-free analysis

Anril 2012 | Mierawavee 2RF



of measured data that has EE
been sampled or captured
with a data converter. In the
case of the real-time PXA
X-Series analyzers, the gap-
free analysis is extended
across impressive band-
widths of 85 and 160 MHz.

These RTSA capabilities
areavailable with anew pur-
chase of N9030A PXA signal
analyzer (Fig. 1), or can be
added as upgrade options to
existing PXA signal analyz-
ers, with the N9030AK-RT1
upgrade supporting real-
time spectrum analysis at
bandwidths to 85 MHz and
the N9030AK-RT2 upgrade
enabling real-time spectrum analysis at
bandwidths to 160 MHz. Analyzer mod-
els are available for frequency ranges
spanning 3 Hz to 3.6, 8.4, 13.6, 26.5, 43,
44, and 50 GHz, and can be extended to
325 GHz and beyond by external mixing.
This is the first time that real-time analy-
sis capability has been available as an
upgradeable option to a “conventional”
signal analyzer, such as one of the PXA
instruments. This offers facilities the flex-
ibility to add the real-time measurement
capability as needed.

The real-time PXA analyzers deliver
outstanding measurement performance
by leveraging both hardware and soft-
ware within each instrument. They

Center 42.00000 GHz
[#Res BW 350 kHz

promise a 100% POI for signals as brief
as 3.57 ps with full amplitude accuracy.
Coupled with their wide analysis band-
widths and low noise characteristics,
these analyzers can detect and isolate
even short-term, low-level signals from
relatively noisy signal environments; this
includes signals surrounded by higher-
level jammers and interference signals.
The analyzers boast internal single-side-
band (SSB) phase noise of -132 dBc/Hz
offset 10 kHz from a 1-GHz carrier. They
also provide third-order-intermodula-
tion (TOI) distortion of +22 dBm at 1 GHz
as evidence of an extremely wide mea-
surement dynamic range.

o N o R0,

Ref -18.00 dBm

Span 160.0 MHz
Sweep (#) 30.0 ms (871 pts),
o mmm A

2. The real-time PXA X-Series analyzers can capture a span of signals
as wide as 160 MHz at center frequencies as high as 50 GHz.

With a spurious-free dynamic range
(SFDR) of 75 dB, each analyzer can de-
tect and display extremely small signals
in the presence of large signals across
analysis bandwidths as wide as 160 MHz.
The reference level for a real-time PXA
X-Series analyzer can be set from -170 to
+30 dBm in 0.01-dB steps in the log scale
and from 707 pV to 7.07 V with 0.11%
(0.01 dB) resolution in the linear scale.

The PXA analyzers offer excellent
amplitude accuracy of +0.19 dB for a
wide range of signal levels. Further-
more, that 160-MHz analysis bandwidth
(Fig. 2) brings with it exceptional ampli-
tude performance and phase linearity to
minimize internal errors for vector signal
analysis as well as for real-time spec-
trum analysis. The analyzers also offer
some software tools to assist with more
challenging measurements, such as the
noise-floor-extension (NFE) technology.
The NFE functionality reduces measure-
ment noise by as much as 10 dB. Using
the NFE feature and a preamplifier, each
analyzer can achieve a displayed average
noise level (DANL) of -172 dBm at 1 GHz.

The NFE technology is based on the
fact that 90% or more of each instru-
ment’s contributed noise power is pre-
dictable and can be measured, calibrat-
ed, and eliminated as part of a normal
measurement procedure. Using the NFE

technology, for example, helps
achieve a wideband-code-di-
vision-multiple-access (WCD-
MA) adjacent-channel leakage
ratio (ACLR) dynamic range
of nominally -88 dBc when
evaluating WCDMA cellular
systems and their components.

In terms of measurement
capability, these real-time PXA
analyzers can make zero-span
as well as swept and Fast Fou-
rier Transform (FFT) mode
measurements across their
various frequency ranges.
Each analyzer includes a fre-
quency counter with marker
resolution of 0.001 Hz. For
Zero-span measurements,
sweep times can be adjusted from 1 us
to 6000 s. In addition to traditional zero-
span analysis, the PXA also offers a
wideband, gap-free power-versus-time
display that enables users to view and
measure short-duration pulses with fast
rise/fall times in the time domain. For
frequency spans of greater than 10 Hz,
sweep times can be set from 1 ms to 4000
s. Trigger delays for zero-span measure-
ments can be set from -150 to 500 ms.
For spans greater than 10 Hz, trigger
delays can be set from 0 to 500 ms, with
resolution of 0.1 ps.

Measurements can be made with
resolution bandwidths set from 1 Hz to
3 MHz in 10% steps, and with resolution
bandwidths of 4, 5, 6, and 8 MHz. The
bandwidth accuracies of these resolu-
tion-bandwidth filters is within +1% for
resolution bandwidths to 1 MHz; +0.07%
for resolution bandwidths from 1.1 to 2.0
MHz; £0.10% for resolution bandwidths
from 2.2 to 3.0 MHz; and +0.20% for reso-
lution bandwidths from 4 to 8 MHz.

The analyzers are available with a
number of useful options for traditional
signal analysis. For example, for facilities
concerned with electromagnetic-com-
patibility (EMC) testing, the PXA X-Se-
ries analyzers can be equipped with op-
tion EMC for accurate, standards-based
(EMI)

electromagnetic-interference



50-GHZ REAL-TIME ANALYZERS

measurements. The option
supports Comite Interna-
tional Special des Perturba-
tions Radioelectriques (CIS-
PR) standards for compliant
EMI bandwidths of 200 Hz,
9 kHz, 120 kHz, and 1 MHz.
Also supported are EMC
measurements compliant to
MIL-STD-461E requirements
at bandwidths of 10 Hz, 100
Hz, 1 kHz, 10 kHz, 100 kHz,
and 1 MHz.

The analyzers are avail-
able with video bandwidths
of 1 Hz to 3 MHz in 10%
steps, and 4, 5, 6, and 8 MHz
with +6% nominal accuracy
in swept measurement mode
and for zero-span measure-
ments. Optional preamplifiers can be
specified for 9 kHz to 3.6 GHz, 9 kHz to
8.4 GHz, 9 kHz to 13.6 GHz, 9 kHz to 26.5
GHz, 9 kHz to 43 GHz, 9 kHz to 44 GHz,
and 9 kHz to 50 GHz, with 20-dB gain to
3.6 GHz, 35-dB gain from 3.6 to 26.5 GHz,
and 40-dB gain from 26.5 to 50 GHz.

These high-performance signal ana-
lyzers include mechanical input attenu-
ators to help boost the effect dynamic
measurement range. The input attenua-
tors cover a range of 0 to 70 dB in 2-dB
steps for frequencies from 3 Hz to 50
GHz. As an option (EA3), the analyzes
can also be outfit with an electronic at-
tenuator with frequency range of 3 Hz to
3.6 GHz with range of 0 to 24 dB in 1-dB
steps. When combined with the mechan-
ical input attenuator, the total attenua-
tion range is 0 to 94 dB in 1-dB steps. The
real-time spectrum analyzers can handle
maximum safe input levels to +30 dBm
(1 W) with or without their optional pre-
amplifier. The can work with peak pulse
power levels as high as +50 dBm (100 W)
for pulse widths of less than 10 ps and
less than 1% duty cycle and atleast 30-dB
input attenuation applied.

Every PXA includes in-phase/quadra-
ture (I/Q) analyzer functionality and Agi-
lent PowerSuite for analysis of captured
signals; in addition, captured signals
can be transferred to RF/microwave sig-

Center
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3. This frequency-hopped radar signal was captured at 3.13 GHz
using a 160-MHz span and a 700-kHz resolution-bandwidth filter.

nal generators for further use in testing,
or to mathematics or high-frequency
software simulation tools, such as the
Agilent High-Frequency System Simula-
tor (HFSS) software, for further analysis
and/or reuse. Use of software tools such
as the PowerSuite can speed and simplify
repetitive or standards-based measure-
ments, such as readings of third-order-
intercept (TOI) point and harmonic dis-
tortion. Measurement functions that are
built within each real-time PXA analyz-
er’s code, such as frequency mask trig-
ger (FMT), can also add to the real-time
analysis capabilities of the instrument:
They make it possible to capture and iso-
late elusive spurious signals; signals that
are hidden in noisy environments; or
even frequency-hopped signals (Fig. 3).
The real-time PXA analyzers also
work seamlessly with Agilent’s 89600
VSA software for advanced vector sig-
nal-analysis capabilities. The 89600 VSA
software takes advantage of the PXA’s
real-time FMT which allows capture of
a real-time I/Q recording or trigger other
measurements. The software also pro-
vides connections to Agilent instruments
such as vector signal generators and ar-
bitrary waveform generators to play back
captured signals as inputs to a device
under test (DUT). The analyzers are built
around an open Windows operating sys-
tem which makes it possible to run soft-

ware applications—such as
simulators and mathematics
programs—inside the analyz-
er. The analyzers incorporate
GPIB and LXI/LAN ports for
automated testing with an ex-
ternal computer, along with
two Universal Serial Bus (USB
2.0) ports on the front panel
and four on the rear panel. A
wide range of measurement
capabilities can be added by
means
measurement applications.
Captured signals are
shown on a 21.4-cm high-
resolution XGA  display
screen, with as many as 12
markers available to identify
different segments of a signal
trace. High signal quality is reinforced by
sampling circuitry that relies on an em-
bedded 16-b analog-to-digital converter
(ADC). The analyzers feature soft keys to
simplify operation, and allow operators
to connect a digital mouse and keyboard
to operate each analyzer like a personal
computer (PC). Each instrument incor-
porates a removable central processing
unit (CPU) to simplify upgrades, as well
as a removable solid-state memory drive.
A VGA video output port allows connec-

Trigger

of firmware-based

tion of an external display screen.

With its many measurement capabili-
ties, each PXA X-Series analyzer can po-
tentially replace a number of more spe-
cialized instruments, such as noise-figure
analyzers and power meters. The scal-
able design of these analyzers also helps
simplify performance enhancements
and upgrades. P&A: $7224 (N9030AK-
RT1 upgrade to 85-MHz real-time band-
width), $10,320 (N9030AK-RT2 upgrade
to 160-MHz real-time bandwidth), and
$96,304 and up (new N9030A PXA 3.6-
GHz signal analyzer with real-time op-
tion to 160 MHz bandwidth). MiRF

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

agilent.com.
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Think of all you stand to gain. With more than 124" catalog models, Mini-Circuits offers one of the industry’s broadest

selection of low-cost MMIC amplifiers. Our ultra-broadband InGaP HBT and PHEMT amplifiers offer low noise figure,
high IP3, and a wide selection of gain to enable optimization in your commercial, industrial or military application.

Our tight process control guarantees consistent performance across multiple production runs, so you can have
confidence in every unit. In fact, cascading our amplifiers often results in less than 1dB total gain variation at any given
frequency. These MMIC amplifiers can even meet your most critical size and power consumption requirements with
supply voltages as low as 2.8 V, and current consumption down to 20 mA, and packages as small as SOT-363.

Visit our website to select the amplifier that meets your specific needs. Each model includes pricing, full electrical,
mechanical, and environmental specifications, and a full set of characterization data including S-Parameters. So why
wait, place your order today and have units in your hands as early as tomorrow. (O Rots compliant
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JACK BROWNE | Technical Contributor

Vacuum Devices

Drive High

Power

'ACUUM ELECTRON de-

vices such as traveling-

wave tubes (TWTs) may

be considered “archaic
technologies” by some—especial-
ly in an age of solid-state devices
with ever-increasing power densi-
ties, such as gallium nitride (GaN)
transistors. But vacuum devices
still play vital roles in RF, micro-
wave, and millimeter-wave appli-
cations across numerous markets,
including broadcast, commercial,
industrial, and military systems.
When the need arises for very high
power density at high frequen-
cies, solid-state technology still doesn’t
come close to the capabilities of vacuum
electron devices like TWTs, klystrons,
and magnetrons.

For commercial use, satellite-com-
munications (satcom) systems employ
a large number of high-frequency vac-
uum electron devices because of their
needs for such high power densities to
send high-power signals across great
distances. But the high power densities
afforded by vacuum tube devices are
also essential to research applications in
nuclear science; medical electronic sys-
tems; air-traffic-control (ATC) systems;
and military and commercial systems.
One of the largest groups of vacuum-
tube-based solutions is based on TWT
technology and traveling-wave-tube-
amplifier (TWTA) devices.

For example, Communications &
Power Industries (CPI; www.cpii.com) of-

Vacuum electron devices are still unmatched
by solid-state devices af microwave and
millimeter-wave frequencies for their

output power per device.

1. Model MT2400 is a high-power antenna-mountable
Ku-band amplifier based on a TWT active device. [Photo
courtesy of MCL, Inc., a MITEQ Company (www.mcl.com).]

fers high-throughput-satellite (HTS) ser-
vices for both continuous-wave (CW) and
pulsed applications from UHF through
Ka-band frequencies. As an example, the
firm’s model VKU-7891 TWTA provides
40-dB gain and 3 kW CW output power
from 14.0 to 14.5 GHz while operating
with 11 kV beam voltage and 1.1 A beam
current. CPI recently received an order
for more than $6 million for Ka-band
high-power satcom amplifiers for HTS
services. Late last year, the company also
received orders from a US military prime
contractor in excess of $5 million for both
solid-state and vacuum-electron-device
amplifiers, including the company’s Su-
perLinear” high-power Ka-band satcom
TWTAs. Since 1977, the company has
also delivered in excess of 130 gyrotrons
and produced more than 16 experimental
vehicles; these range in frequency from
8 to 250 GHz, featuring output power

levels from 900 kW CW and 1.3
MW pulsed output power.

Some vacuum tubes,
as magnetrons, generate rather
than amplify signals by applying
high-voltage energy to a series of
resonant cavities. The energy fed
into the resonant cavities must
be carefully controlled in terms
of phase and level. A heated cath-
ode in a magnetron is the source
of electrons. The electrons leave
the cathode and accelerate to-
wards the magnetron’s anode
due to the magnetic field result-
ing from the applied voltage. The
frequency of the electrons is affected by
the effects of their traveling through the
resonant cavities.

such

For some radars, frequency-agile
magnetrons (which are available from
CPI in various forms) can help improve
the system’s capabilities to detect targets
in environments plagued by a great deal
of signal clutter, such as other sources
of RF/microwave energy. Increasing the
pulse-to-pulse frequency spacing can in-
crease the detection capability of a radar
system, although the magnetron must be
capable of turning on and off relatively
short pulses. A number of different types
of frequency-agile magnetrons are avail-
able, including dither magnetrons with
output frequency that varies periodi-
cally with a constant excursion and fixed
center frequency.

In contrast, some magnetrons, such as
beacon magnetrons developed for use in
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The next generation air and missile defense radars
demand effectiveness, reliability, power efficiency and
affordability. You can count on CTT's twenty-five years of
experience in microwave amplification and subsystem
integration fo meet these demands.

(T offers not only form, fit, function of microwave
amplifier replacements for many mature systems, but also
incorporates leading-edge technology components such as
GaN and GoAs.

CIT has delivered production quantities of amplifiers
with power levels of 10, 20, 40, 80, and 100 Watts — and
higher — for o variety of radar applications.

CTT is well positioned to offer engineering and
production technology solutions — including high-rel
manufacturing — to infuse new technology info legacy
systems for improved reliability and life cycle costs.

 AMDR-X Radar ® Shipboard Radar

 VLO/FLO Threats  ® New Land Radar
More than twenty-five years ago CTT, Inc. made a

strong commitment to serve the defense electronics market
with a simple goal: quality, performance, reliability, service

and on-time delivery of our products.
Give us a call to find out how our commitment can
support your success. It's that simple.

Microwave Technology Leadership

% Power Amplifiers
© Radar Bands up o 400W
® Pulse and (W
© NEW Rack-Mount Configurations
© NEW GaN and GoAs Models

% Low-Noise Amplifiers

% Up and Downconverters

% Subsystems

+ Contract Manufacturing

% Custom Engineered Options

P

USA-based thin-film
microwave production

facility

241 East Java Drive ¢ Sunnvvale e California 94NQ20



HIGH-POWER VACUUM TUBES

radar transponders, must be fairly small.
This type of microwave vacuum electron
tube produces about 5 W output power
and weighs less than 8 oz. It must be fre-
quency stable without additional elec-
tronics in a radar transponder, yet remain
stable in frequency with temperature.

MCL, Inc., a MITEQ Company (www.
mcl.com) has long supplied compact
and reliable TWTA products for satcom
applications, including the recent de-
velopment of the antenna mount model
MT2400 TWTA for Ku-band outdoor sat-
com uplink and satellite-news-gathering

a time machine.

www.|pkfusa.com/pcb
1-800-345-LPKF

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

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

Leonard Weber
Agilent

EPICE

Laser & Electronics

(SNG) applications (Fig. 1). This tube
amplifier is supplied in a light-weight,
weather-resistant package measuring
8.9 x 8.12 x 17.3 in. (226 x 206 x 440 mm)
and weighing about 32 Ibs (14.5 kg) with
forced-air cooling. The TWTA, which
provides 208 W (+53.2 dBm) output
power from 13.75 to 14.50 GHz (as much
as 400 W peak output power), is available
with gain levels of 60 or 70 dB, depend-
ing upon option, with worst-case gain
variation of 1 dB per 80 MHz for narrow-
band use and 2.5 dB per 500 MHz for full-
band use.

The TWTA, which is designed to meet
ML-188-164A requirements, includes
an Ethernet interface for computer con-
nection and continuous attenuator ad-
justment in 0.1-dB steps. The amplifier
features a Type-N female input connec-
tor and WR-75G Ku-band waveguide
flange at the output port. It has an oper-
ating temperature range of —40 to +60°C.
The compact outdoor TWTA can be cus-
tomized through a variety of options, in-
cluding an additional input solid-state
amplifier (SSA), internal linearizer cir-
cuitry, and an input L-band block fre-
quency upconverter.

Teledyne MEC (www.teledyne-mec.
com) offers a website with excellent tech-
nical section on vacuum electron devices,
including thorough descriptions of key
parameters, including gain, efficiency,
noise, and reliability (http://www.tele-
dyne-mec.com/products/Technical_de-
scription.aspx). The firm also offers a
number of high-performance, broad-
band TWTs through microwave and mil-
limeter-wave frequencies.

Model MEC 5424 provides minimum
CW output power of 250 W from 6 to 18
GHz, with 35 dB gain at 6 GHz, 46 dB gain
at 12 GHz, and 35 dB gain at 18 GHz. It
achieves typical saturated output power
of 275 W at 6 GHz, 300 W at 12 GHz, and
275 W at 18 GHz with an operating tem-
perature range of —40 to +85°C. For high-
er frequencies, the company also offers
model MEC 5496, with 40-W minimum
CW output power from 26.5 to 40.0 GHz. It
achieves 40 W typical output power at 26.5
GHz, with 45-dB typical gain. The typical
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a seasoned professional, recent graduate, or student, IMS
will provide a variety of topics that appeal to academia and
industry alike. Hear the latest developments in R&D for
emerging areas or hone your skills in a specific

microwave subject.
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is THE place to network with colleagues and companies
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HIGH-POWER VACUUM TUBES

output power is 50 W at 30 GHz, with 50-dB typical gain; 60 W
typical output power at 36 GHz, with 50-dB typical gain; and 40
W typical output power at 40 GHz, with 35-dB typical gain. The
TWT is designed for typical heater power of 0.7 A at -6.3 VDC,
with cathode energy of -13.5 kV at 100 mA, and 6.75 kV at 10 mA
for collector No. 1 and 3.38 kV at 80 mA for collector No. 2.

The TH 3977 DH series of TWTs from the Thales Group
(www.thalesgroup.com) features tubes with a dual-stage collec-
tor design for high efficiency and periodic-permanent-magnet
(PPM) focusing. The tubes are available with typical gain of 50
dB from 17.3 to 18.4 GHz with continuous output-power levels
as high as 750 W across that frequency range. The conduction-
cooled TWTs are ideal for direct-broadcast-satellite (DBS) up-
links as well as for SNG applications.

Of course, the history of high-frequency vacuum electron de-
vices has not been restricted to this country: In Japan, Toshiba
Electron Tubes & Devices Co. Ltd. (www.toshiba-tetd.co.jp)
developed a high-power klystron for UHF television broadcast
applications as far back as 1961. The company has developed
some of the world’s most powerful klystrons, including units ca-
pable of 1.2 MW continuous output power at 508 MHz and 100
MW pulsed output power at 2.8 GHz using period-permanent-
magnet (PPM) focusing. At higher frequencies, the firm’s model
E3845 TWT delivers 12.5 kW continuous output power for sat-
com applications from 9.2 to 9.5 GHz. It features forced-air cool-
ing and long-life, high-current-density cathodes for high reli-
ability and high output power from a package measuring only
499 x127 x 158 mm and weighing 12 kg.

A firm perhaps best known for its semiconductors, e2v
(www.e2v.com), also offers a wide range of vacuum electron de-
vices that includes klystrons, magnetrons, and helix TWTs. The
company offers narrowband and wideband devices for com-
mercial and military applications, including the model N10110
helix TWT for use from 6 to 18 GHz. It offers 45-dB gain across
that range with 180-W CW minimum output power. Designed
for 6200-V cathode voltage, the tube measures 329 x 50 x 62 mm.

Finally, L-3 Electron Devices Division (www.L-3Com.
com), which began life as part of Litton Industries, offers a va-

2. This high-power amplifier is based on a klystron vacuum
electron device and includes power supply, active device, and
supporting circuitry. [Photo courtesy of L-3 Electron Devices
Division (www.L-3Com.com).]

riety of vacuum electron tube devices for medical, broadcast,
and military applications, including helix and coupled-cavity
TWTs, Klystrons, crossed-field amplifiers (CFAs), magnetrons,
and thyratrons (Fig. 2). The company, which offers miniature
TWTs for use from 2 to 46 GHz, produces devices with output
levels as high as 5 kW average output power and 150 kW peak
output power across 10% operating bandwidths at C-, X-, and
Ku-band frequencies. It also produces microwave power mod-
ules (MPMs), which are complete microwave power amplifiers
based on a TWT, a solid-state driver amplifier, and an electronic
power conditioner (EPC).

These are a few examples of the high pulsed and CW output-
power levels possible with vacuum electron devices at RF, mi-
crowave, and millimeter-wave frequencies. Although they must
be powered by high-voltage supplies, these devices still deliver
considerably higher power densities that possible with high-
frequency solid-state devices, and likely that will continue for
many years to come. MWRF

HF Amplifiers
We stock the complete parts
list and PC boards for the

HF Broadband RF Transformers

NEW! NEW! NEW!

We stock the new rugged FREESCALE 1KW transistor and parts for the
2M and 88-108MHz amplifier designs

RF Transformers Type “U”

Motorola amplifier designs 2 to 30MHz 2 to 300MHz HF Power
featured in their Application Splitter / Combiners
Notes and Engineering 508 Millstone Drive 2 to 30MHz
Bulletins " = ?
CC' Communication Beavercreek, OH 45434-5840 2tay
ﬁ:;;g: ((zzngv)) :gggi gggm Concepts , Inc. Email: cci.dayton@pobox.com PSC2H  1000W PEP
AN762 (140W) AR313 (300W) Phone (937) 426-8600 P 4;;&:1 e
EB63A (140W) EB104 (600W) : ication-con 5 Y
EB27A (300W) ARSAT (1000W) www.communication-concepts.com FAX (937) 429-3811 2’28 3:5 ggggw EE?
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VectorStar™ Vector Network Analyzers

The answer to your on-wafer

device characterization needs
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MET7838A Broadb

Don’t let expired calibrations
spoil your data.

VectorStar’s stable broadband performance means that you
can make high accuracy measurements all day, and longer,
with the confidence that your calibration remains rock solid!
Spend less time calibrating and more time measuring.
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Ut e o 70 kHz to 110 GHz with 0.1 dB and 0.5 degree S,
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Amplifiers Aid EMC Measurements

ompact amplifiers in the

R&S BBA150 amplifier
family support electromagnet-
ic-compatibility (EMC) testing
through 3 GHz, as well as for
non-EMC applications in com-
ponent production and quality
assurance. The modular ampli-
fiers can be operated manually
via their front-panel displays, ..

or else remotely via external computer and softwa

series operates from 0.8 to 3.0 GHz and is available with power levels ranging
from 30 to 200 W output power. The 200-W version occupies only four height

units in a standard 19-in. rack.

ROHDE & SCHWARZ USA, INC., 8661A Robert Fulton Dr., Columbia, MD 21046-
2265: (410) 910-7800, FAX: (410) 910-7801; e-mail: info@rsa.rohde-schwarz.com,

www.rohde-schwarz.com.

SDLVA Captures Signals To 6 GHz

uccessive-detection log-video amplifiers (SDLVAs) such as the model SDLVA-
250M6G-CD-1 help process pulsed and continuous signals over a wide dy-
namic range. This particular unit operates from 0.25 to 6.0 GHz with a dynamic
o range from -70 to 0 dBm and +2.5-dB worst-case
@ logarithmic linearity. It features a fast rise time

_ of 10 ns or less and recovery time of less

. than 60 ns. Supplied in a compact housing
measuring just 3.2 x 1.8 x 0.4 in. with female
~ SMA connectors, the SDLVA achieves typical
tangential signal sensitivity (TSS) of -73 dBm
and exhibits maximum VSWR of 2.0:1. It can handle
input power levels as high as +17 dBm and draws nominal
current of 350 mA at +15 VDC and 180 mA at -15 VDC. The

amplifier, which is designed for operating temperatures from -40 to
+70°C, meets the applicable requirements of MIL-STD-202F for humidty, shock,

vibration, and altitude.

PLANAR MONOLITHICS INDUSTRIES, INC., 7311-F Grove Rd., Frederick, MD 21704;
(301) 662-5019, FAX: (301) 662-1731, e-mail: sales@pmi-rf.com, www.pmi-rf.com.

Splitters Serve In-Building DAS
line of unequal
power splitters

has been developed by

MECA Electronics for in-

building distributed-antenna-system

(DAS) applications from 698 to 2700

MHz. The power splitters are available

with split ratios of 2:1, 3:1, 4:1, 6:1,

8:1, and 10:1. They are designed to

achieve minimal variations in coupling

across the frequency range and are
suitable for cellular communications
and other wireless applications. The
uneven power dividers deliver output
flatness of better than +1 dB for split
ratios as high as 8:1 and worst-case
output flatness of +1.2 dB for a split ra-

92

tio of 10:1. The power
splitters feature outstanding
passive-intermodulation (PIM) perfor-
mance with a typical level of -155 dBc,
and can handle power levels as high as
300 W across operating temperatures
from -55 to +85°C.

MECA ELECTRONICS, 459 East Main St.,
Denville, NJ 07834; (973) 625-0661, (866)
444-6322, e-mail: sales@e-MECA.com,
www.e-MECA.com

Directional Coupler
Links 225 To 2500 MHz

apable of handing high power

levels in a small housing, model
IPP-8042 is a dual directional cou-
pler from Innovative Power Prod-
ucts with a frequency range of 225
to 2500 MHz. It is rated for 35-dB
coupling and maximum input power
of 100 W with less than 0.3-dB inser-
tion loss. The directivity is better
than 18 dB and the mainline VSWR
is less than 1.25:1. The directional
coupler, which provides separate
coupled ports for both forward and
reflected signals with internal termi-
nations, achieves coupling flatness
of +1 dB across its broad frequency
range. It is supplied in a miniature
surface-mount package measuring
only 1.00 x 1.00 in. The firm also
offers 90-deg. couplers and 180-deg.
baluns in miniature surface-mount
packages, intended for frequency
ranges meeting and exceeding that
of the directional coupler.
INNOVATIVE POWER PRODUCTS,
INC., 1170 Lincoln Ave., Holbrook,
NY 11741; (631) 563-0088, www.
innovativepp.com.

Amplifier Boosts Optical Signals
odel OASMMOQM is a broad-
band 32-Gbaud, lithium-

niobate optical modulator driver

amplifier. It is suitable for use in

Mach Zender interferometer

optical modulators and for 400-

GB optical long-haul-transponder

applications. It can drive 400 GB of

data on an existing International

Telecommunications Union (ITU)

long haul wavelength-division-

multiplex (WDM) fiber channel,

implemented with 4 channels of 32

Giga-symbol/s data encoded as

DP-16QAM modulation schemes.

The driver amplifier draws 300

mA from a +5-VDC supply. It pro-

vides 20-dB gain with low 7.4-W

power dissipation, flat group delay,

and 11-ps rise/fall time. The driver
amplifier suffers less than 0.6 ps

RMS jitter.

CENTELLAX, INC., 3843 Brickway Blvd.

No. 100, Santa Rosa, CA 95403; (707)

568-5900, e-mail: sales@centellax.com,

www.centellax.com.
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NewProducts

Portable Analyzers
Scan Signals To 2.7 GHz
The PSA Series I line of micro-
wave spectrum analyzers includes
1.3- and 2.7-GHz versions, with long
rechargeable lithium-ion battery life
of more than eight hours per charge
to assist in-field testing. Both instru-
ments incorporate a 4.3-in. (11-cm)
backlit thin-film-transistor (TFT) color
touchscreen display. The PSA Series 11
PSA1302 spans 1 to 1300 MHz, while
the PSA Series II PSA2702 operates
from 1 to 2700 MHz. Both instru-
ments feature a noise floor of -100
dBm and 80-dB dynamic range. The
resolution bandwidth can be set as
fine as 15 kHz. The ruggedized cas-
ing incorporates a rubber protection
buffer, a bench stand, and screen
protection. For bench-top use, the
instrument can be operated continu-
ously from its AC charger. The compact
handheld spectrum analyzers weigh
only 20 oz. (560 g) with simple opera-
tion from the finger-operated touch-
screen display.
SAELING CO,, INC., 71 Perinton Pkwy.,
Fairport, NY 14450; (888) 7-SAELIG,
(888) 772-3544, (585) 385-1750, FAX:
(585) 385-1768, e-mail: info@saelig.com,
www.saelig.com.

Diplexer Screens CATV Systems
odel MAFL-011013 is a 75-Q
broadband diplexer filter for

cable-television (CATV) applications,

direct-broadcast-satellite (DBS), and
cable-modem applications. It is us-
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able over the frequency bands of 5 to
42 MHz and 54 to 1000 MHz, with
typical insertion loss of only 0.5 dB in
either frequency band. Signal isola-
tion is typically 55 dB from 5 to 37
MHz; 50 dB from 54 to 100 MHz; 55
dB from 100 to 600 MHz; and 50 dB
from 600 to 1000 MHz. Return loss is
typically 16 dB across its full frequency
range of operation. The diplexer, which
is rated for maximum RF power of 250
mW and DC current of 30 mA, has an
operating temperature range of -40 to
+85°C. The RoHS-compliant compo-
nent, which is supplied in an 11-pin
surface-mount package, is available in
tape-and-reel format for high-volume-
production applications.

M/A-COM TECHNOLOGY SOLUTIONS,
INC., 100 Chelmsford St., Lowell, MA
01851; (800) 366-2266, (978) 656-2500,
www.macomtech.com.

CRO Tunes From
5580 To 5685 MHz
Designed for communications
applications, the model CV-
CO55CXT-5580-5685 coaxial resona-
tor oscillator (CRO) operates from
5580 to 5685 MHz with low harmonic
distortion. It consists of a coaxial-
based voltage-controlled oscillator
(VCO) with an internal frequency
doubler. The proprietary doubling
circuitry controls harmonic generation
to contribute to the CRO’s excellent
spectral purity, with low phase noise
and low current consumption during
normal operation. Pushing and pulling

are controlled to 1.5 MHz/V and 0.5
MHz, respectively, with typical second-
harmonic suppression of -30 dBc.

The model CVCO55CXT-5580-5685
CRO covers its frequency range with

a tuning voltage range of +0.3 to +4.7
VDC. The coaxial VCO features a typi-
cal phase noise of -102 dBc/Hz offset
10 kHz from the carrier. It provides

0-dBm typical output power (+3 dBm
maximum) into a 50-Q load with a
+5-VDC supply and maximum current
consumption of 30 mA. The CRO,
which is suitable for applications in
digital radio equipment, fixed wireless
access, and satellite communications
(satcom) systems, is housed in an
industry-standard 0.5 x 0.5 in. pack-
age. It has an operating temperature
range of -40 to +85°C.

CRYSTEK CORP., 12730 Commonwealth
Dr., Fort Myers, FL 33913; (239) 561-3311,
(800) 237-3061, FAX: (239) 561-1025, www.
crystek.com.

GaAs Switch Controls 4.5 GHz
M odel TQP4MO0010 is a gallium
arsenide (GaAs) field-effect-
transistor (FET) absorptive switch
for use from 100 to 4500 MHz. The

single-pole, double-throw (SPDT)
switch provides 50 dB or more isola-
tion between ports through 1 GHz
and typically 40 dB or better isolation
through 4.5 GHz. It minimizes inser-
tion loss to typically 0.5 dB from 0.1 to
1.0 GHz; 0.6 dB from 1.0 to 2.5 GHz;
0.7 dB from 2.5 to 3.0 GHz; and 0.8 dB
from 3.0 to 4.5 GHz. The switch, which
achieves a typical input 1-dB compres-
sion point of +33 dBm at 2 GHz, can
handle input signals as large as 2 W
(+36 dBm). Ideal for wireless infra-
structure applications and in test and
measurement equipment, the GaAs
switch is supplied in a 4 x 4 mm lead-
less surface-mount package, operates
on supplies from +3 to +5 VDC, and
handles operating temperatures from
-40 to +85°C.

TRIQUINT SEMICONDUCTOR, INC.,
2300 NE Brookwood Pkwy., Hillsboro, OR
97124; (503) 615-9000, FAX: (503) 615-
8902, e-mail: info-sales@tqgs.com, www.
triquint.com.
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oonton’s 4540 Peak Power Meter delivers the outstanding
tberformance needed for today’s demanding radar and
~ communication applications. By incorporating advanced tech-

nology from our flagship 4500B peak power analyzer, the

smaller, economically priced 4540 outperforms higher priced
competitors in many areas. It's fast update rate enables tun-
ing high power amplifiers and processing large amounts of
statistical data for CCDF measurements. Advanced triggér
technology provides a rock solid view of fast rise time
signals and the wide dynamic range allows measuring low
duty cycle pulses. The 4540 power meter provides auto-
matic settings for a large number of technologies including
WCDMA, WIMAX, WLAN, Wi-Fi, LTE, and Radar.

Redefining How You Use Power Meters.

4530 RF Power Meter Series

T Wireless Telecom Groun

| Bigger ‘wh’ere it counts...

Trigger
Pesk  -10.001dbm Pesk 18004 dom
‘ ic ‘G2.8ns

Trig Mode
Auto PK-PK

ns T T source

in the Performance.

45008 RF Peak Power Analyzer

H1

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

* Video bandwidth: 70MHz

* Rise time: <7ns

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

* GPIB, USB (device) and LAN standard

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

Scan QR Code

Boonton

The Smartest, Fastest and Oniy '

Real-Time
USB Wideband

Peak Power
Sensor
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