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Anritsu Since 1895 Vector Network Analysis

Confidence
on the Cutting Edge.

In the Lab | On the Manufacturing Floor | In the Field

World’s first portfolio of VNAs that bring Non-linear Transmission Line (NLTL) technology
to every measurement scenario from on-wafer device characterization to R&D testing

to manufacturing and field operations.

Learn more: www.anritsu.com

/inritsu

envision:ensure

Europe 44 1582-433433

USA/Canada 1-800-ANRIT.
3 Singapore-South Asia (6!

Asia-Pacific (8
South America 55 (11} 3
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Planar Monolithics Industries, Inc.

l] Offering State-Of-The-Art RF and Microwave Components
/ & Integrated Assemblies From DC to 40GHz

e

Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s & Frequency
Synthesizers

Filters

Form, Fit & Function
Products

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

1/Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis Mount
Products

Receiver Front Ends &
Transceivers

Single Sideband
Modulators

SMT & QFN Products
Solid-State Switches
Switch Matrices
Switch Filter Banks
Threshold Detectors

USB Products

N AAAY

Amplifiers

100MHz to 18GHzZ Transceiver
3U Open VPX Architecture

0.1 to 18.0 GHz Transceiver

e 3U Open VPX Architecture

e VITA 67 RF Interface

e Up to 4GHz Instantaneous Bandwidth
e Customizable Switched Filter Banks

® BIT Test Mode for Closed Loop Testing

® Linear & Limited RF, SDLVA Output Channels

® Log & Threshold Video SDLVA Output Channels

® Time Gated SDLVA’s for Pulse Blanking

e CW Immunity

¢ Input Selection for Two Independent LO

o frequencies (4 to 20GHz)

e -80 to +10dBm Input Power Range

e IF Frequency of 1O0NMHz to 4.0GHz

¢ LVDS Control Logic

¢ Ruggedized Construction for Military Applications

e 160mm x T00mm x 12HP per VITA 46 Standards
(6.299” x 3.937” x 2.388")

Simplified Functional Block Diagram
-
|

lee ] FILTER
""" I BANK

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1
El Dorado Hills, CA 95762 USA
Tel: 916-542-1401 Fax: 916-265-2597 Tel: 301-662-5019  Fax: 301-662-1731
Email: sales@pmi-rf.com Website: www.pmi-rf.com

Hermetic Sealing, High Reliability to Mil-Std-883, Small Quantity Requirements accepted
We offer Custom Designs

ISO09001:2008 REGISTERED

East Coast Operation:
7311-F Grove Road
Frederick, MD 21704 USA
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Shattering the Barriers

to Mainstream GaN Adoption

MACOM revolutionizes RF applications by securing the supply of
the industry’s only proven, performance-driven GaN portfolio

MACOM GaN transistors improve upon the Our growing pulsed power GaN portfolio
high-power handling and voltage operation of includes sw-gow Pk transistors in bFN and
Ltomos with the high-frequency performance soT-89 plastic packaging, up to 1000w ceramic
of GaAs. Improved bandwidth, efficiency and packages and L-, S-band fully matched modules.
power density give your applications greater Our new cw GaN portfolio includes ceramic
power in a variety of packages. package transistors up to 200w, DFN packages
from sw to 25w and To-272 plastic packages
Leveraging deep experience in RF, MACOM from sow to 200w.
engineers are expanding our power transistor
family to fuel the future of military and Only MACOM shatters the final barriers to main-
commercial radar as well as other commercial stream GaN adoption by offering dual sourcing
applications. These rugged devices deliver for surety of supply.

greater flexibility and multi-function capability
in your radar communications.

MACOM.

Partners from RF to Light

Get Samples & Learn How MACOM is Shattering the Barriers
to Mainstream GaN Adoption at www.macom.com/gan



Celebrating 60

an ‘B company

SERVICE * SUPPORT + SELECTION

Narda started in 1954 as a small group of engineers

on Long Island offering new and innovative technology to a
growing RF and microwave industry. Sixty years later, Narda
has become the global standard for quality and durability

by continually producing the industry’s most reliable RF and
microwave components. We thank you for sixty years of
loyalty to Narda Microwave, and look forward to serving

you in the years to come.

www.nardamicrowave.com ¢ 631.231.1700
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v NATIONAL
’ INSTRUMENTS

awrcorp.com/tryAWR

Add a macroscope to
vour Microwave Office.

See the big picture quickly in one design environment with Visual System Simulator™ (VSS).
Zoom in to make circuit tweaks. Then zoom out to see the system impact. VSS does system
budget analysis and identifies sources of IM products, harmonics, and noise directly on your
Microwave Office® circuits. VSS's powerful simulator defines complex systems—radio and
circuit designs, baseband signal processing, algorithmic development, and digital fixed-point

implementations too.

Grab a test copy at awrcorp.com/tryAWR.
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Amplifiers Gain Broadband Power
These solid-state amplifiers offer distortion-free performance in coaxial
and drop-in packages for design flexibility in broadband applications.

54 Design A Ka-Band High-Gain LNA
Based on a commercial pHEMT semiconductor process, this amplifier aids
applications from 30 to 36 GHz.

64 Compact Antenna Snares WiMAX/WLAN
This dual-band antenna covers the 3.1 to 3.8 GHz and 5.0 to 5.8 GHz bands
in support of both WiMAX and WLAN wireless communications applications.

70 DDS Model Tunes Doppler Simulation
An accurate model for a third-order directdigital synthesizer can be used for
computer simulations of satellite navigation receivers under different conditions.

76 Quadrupler Cuts Losses At W-Band

A unique design aEprocch aids in the fabrication of a W-band quadrupler 0 5, oot
capable of as much as +2 dBm output power from 80 to 100 GHz. 14 ——— 53, measurement] |- -
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PHASE STABLE THROUGH 70GHz

Rosenberger Rrmor'™ cables-are d
environments for indoo oor applications. Each
shielded coaxial cable is protected with flexible, SPIRAL-
wound 304 Stainless Steel armor coated with extruded
Polyurethane, The connector ends are sealed and encapsu-
lated with a pressure injection-molded polymer strain relief.

DESCRIPTION

Rosenberger connectors, cable assembly, standard length 915mm
or 36 inches

GENERAL ELECTRICAL SPECIFICATIONS

Impedance: 50 +/- 1 Ohms

Operating frequency: DCto 70 GHz

Return loss: 14 dB minimum up to 70 GHz
Cable insertion loss: .67 dB/ft @ 10.0 GHz

Velocity of propagation (%): 78 % nominal

Capacitance: 24.7 pf/it. nominal
Shielding effectiveness: <-90dB
Dlelectnc withstand voltage: 1000 Vrms

+/-.03dB & +/- 1° @10GHz

This combination of materials and technology provides
superior ruggedization, environmental resistance, RF
shielding effectiveness and stability under flexure and
vibration.

Additional connector interfaces and armor/cable diameters
are available on request.

MECHANICAL SPECIFICATION

Cable jacket & armor outer diameter: 092 inches nominal &
.250 inches nominal

Minimum bend radius: J5inches
Armor crush strength: 450 Ibs/in (min)
Connector retention: 225 bs.

Mating torque:

7-10inch pounds

MATERIALS AND FINISHES
Armor type:

Connector environmental testing:

Connector interface dimension

Stimulus Stop |sse 99993473 GHz [5]| Sta
oo e Saafroz0 friz | 1415 az] || ]z00 WEER
iIs.00 0.00
0.00 s oo |
l5.00 {{ta.00
L10.00 {Hs.00
Lis 00 le.00
20,00 ! 10.00
L25.00 1 12.00
L20.00 14.00
as oo ] [ 16.00
1 Iitlits.00
\es hl Start 43,7227 MHz == Stop 70.0000 GHz Chi: Start 437227 MHz == Stop 70.0000 GHz
c “ s S]] 6e.eqsea0 [z | 5o]43as] || [1o.00 R S| 64009083 fHiz | -14.8s a5
v
15,00
L10.00
L15.00
20,00

s .00

1 o.00
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Example of typical 36 inches assembly up to 70 GHz

70.0000 GHz |

-35 OU

Chl Start 43,7227 MHz 70.0000 GHz

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

W

Website: www.rfmw.com/Rosenberger

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



REALIZE A CLEAR COMPETITIVE ADVANTAGE

NXP has been at the forefront of smart RF and microwave solutions for
more than 35 years, that's why we are a trusted leader in 4G base stations.
Whatever your challenge, with a broad RF portfolio and collaborative
approach, our application experts will help you advance your RF designs

to power your competitive advantage.

SECURE CONNECTIONS
FOR A SMARTER WORLD

www.nxp.com/rf




Enhanced, Expanded, Perfected. inspired by original designs
Powerfilm™ attenuators go further, P Aeroflex/KD
decades ago, new Powerfili
surface-mount attenuators
from Aeroflex / Inmet are
now produced in our new
{\EROFLEX USA facility, and enhanced
o to include even more atteni
INMET ation range and power thar
ever before. Employing a
proprietary, highly reliable
thick/thin film processing
approach, these devices
are optimized for your high:
power signal conditioning,
leveling, gain optimization
and matching network
challenges.

Frequency Performance
up to 18 GHz

Attenuation Ranges
up to 20 dB

Power Ranges up to

100 Watts

They're easily designed-in,
are readily available, and
are priced competitively.
Visit our website for
detailed specifications.

[M\EROFLEX

A passion for performance.

at Modelithics.com




Low PIM Reactive Splitters
MECA’s Low PIM (-160dBc Typ)
Reactive Splitters for DAS
Applications, rugged
construction and excellent

Low PIM Loads

MECA'’s Low PIM (-165 dBc Typ)
Loads for DAS Applications feature
industry leading PIM performance of
-160 dBc Min all while handling full
rated power to 85C. All of the
terminations cover 0.698 — 2.700 GHz
frequency bands in 7/16 DIN or Type
N connectors as 30, 50, 100 & 150
watt rated. Ideal for IDAS / ODAS,  Low PIM Couplers :
In-Building, base station, wireless MECA's Low PIM {-160 dBc Typ)
Low Frequency Power Combiners infrastructure, 4G and AWS. Directional Couplers for DAS
MECA infroduces Low Frequency applications. ;
addition to the H-Series, 100-watt
Wilkinson high power
combiner/dividers.
Avdailable in 2 & 4-way
configurations covering
5 to 500 MHz. VSWR of 1.30:1
accommodating load VSWR's of 2.0:1
or better! N and SMA connectors.
Weatherproof IP 67 rated.

BETTER BUILDINGS / BETTER PERFORMANCE

Dr. D.A.S. © Préscribes: MECA Low PIM Products & Equipments 4
Fornext generation DAS there is only only one name in passives. .

W X

It's simple. Better signals equal better performance. Today's buildings

ipersonify the i eeg for next-level Distributed Antenna Systems (DAS). And the

fengineers that are building them turn to MECA forbossive’corhpbnenfs'% '
merican ingenuity and 53 years of experience have resulted in.the deepest,

Imos eliable product line of ready:

performance across all wireless
bands from 0.698 - 2.700 GHz
make them ideal for in-building

or tower top systems. Available
2-way and 3-way, 7/16 DIN and
Type-N configurations. Rated for
500-700 watts (max). .

Applications feature unique air-line
construction that provides for the
lowest possible insertion loss, high
directivity and VSWR across the 0.800
- 2.500 GHz bands. Rated for 500
watts average power. Nominal
coupling values of 15, 20, 30 & 40 dB.

yPoneL%}p fo 16'way and 18 GHz,
i Aﬂgnugloﬁ gp‘ to“égdB‘andQSOOW
Terminations: Up to 500W #&
Couplers: Up to 40dB "gnd k
Integrated Rack Units: Delivere

They come with an industry leading 3 year guarantee and true MECA pndé.
Ready to build a better DAS? Start with a visit to www.e-MECA.com.
“delivered on time every time!!”

Dr. D.A.S. © Prescribes...

Low PIM Jumpers
Low PIM Adapters MECA's Low PIM (-160 dBc Typ) Adapters for DAS Applications
MECA's Low PIM (-165 dBc Typ) feature industry leading PIM performance of -155 dBc Min.
Adapters for DAS Applications Available in 7/16 DIN, Type N fo SMA and
feature industry leading PIM
performance of -160 dBc Min.
Available in 7/16 DIN, Type N fo SMA
and 4.1/9.5 Mini-DIN connectors. w32 E]
Ideal for IDAS / ODAS, In-Building.
base station, wireless infrastructure,

4G and AWS applications.

4.1/9.5 Mini-DIN connectors. Ideal for

IDAS / ODAS, In-Building, base station,

wireless infrastructure, 4G and AWS
ey applications.

Integrated D.A.S. Equipment
Let MECA create an integrated assembly with
any of our RF/Microwave products on
19" panels, shelves or NEMA enclosures.

. iBwave Ok=10) Microwave Electronic Components of America
Look for the expanding ; The Professional’s Choice for RF/Microwave Passive Components
s g of MECH pidyehs 459 E. Main St., Denville, NJ 07834
in your iBwave library. [i_.]

Tel: 973-625-0661 Fax: 973-625-9277 Sales@e-MECA.com



More Q. Less Cu

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

<1.83 mm->

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.
T And with their extremely low

T i'ﬂ DCR, they can handle 4 to 8 times

I {fii  more current: up to 4.4 Arms.

SQ air core inductors are perfect

00T Il

300—

Q Factor
s

- for your LC filter and RF impedance
w*ﬁL == T JH matching applications. They come in
' " ke 15 values ranging from 6 to 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
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
R q and stable mounting.
wl) R See how the ultra-high Q and
The square shape and narow footprint -~ C0TY€Nt handling of Coileraft’s
reduce board space by 60-75% over  new SQ air core inductors can
conventional air core inductors. maximize the performance of
your next design. For complete specifications and free
evaluation samples, visit www.coilcraft.com/sq

N

"

www.coilcraft.com 800/322-2645




Channal Frequency Response

T’STHE DIFFERENCE
BETWEEN IEEE 802.11 AC
AND 802.11AD?

The IEEE 802.11ac and 802.11ad specifications both
promise to deliver increased capacity, speed, and per-
formance in different ways, allowing users on-the-go to
enjoy even their highest-data-rate applications. In this
Web-exclusive report, Agilent Technologies’ Liz Ruetsch
breaks down the differences between the two.

To read the article in its entirety, go to www.mwrf.com/
test-amp-measurement/what-s-difference-between-ieee-
80211ac-and-80211ad

TOYOUR DESKTOP

Don’t believe everything you mm nyﬂ:vg;:‘rg,‘iﬁ‘m ine,
read, unless it’s in the lat-
est issue of Microwaves & RF o e
UPDATE. The industry’s longest- |

. . Engineers in need of a starting point for
running weekly e-mail newsletter, | e s rrbo: e

comparing notes with members of Roger
Corp.s Adyanced Crcit Mleral drisin st Ms booth

it combines insightful commen- | i Voo v adioan s
tary with the latest product and .

industry business news. It is sent |  pm————-—-—
directly to your computer desktop |- "

each week, and often contains the
little things that engineers love,
such as links to free white papers l S
and even design software. If you’re not already readlng
it, subscriptions are free, and available from the
Microwaves & RF website at www.mwrf.com.

join us online "/ K}

GO TO MWRFE.COM

TIVIS2013 MS

DAVID A. HALL BOB NELSON

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

Visit www.mwrf.com/community/contributors.

THE EFFECT OF MOORE’S LAW ON RF INSTRUMENTS
DAVID A. HALL—Senior Product Marketing Manager for RF
and Communications, National Instruments
UNDERSTANDING MEASUREMENT
UNCERTAINTIES IN SPECTRUM ANALYSIS

BOB NELSON— Product Support Engineer,

| Agilent Technologies

The 2013 installment of the RF/
microwave industry’s flagship
event, the International Microwave
Symposium, has come and gone.
Luckily for you, it needn’t live on
just in memory. Visit www.mwrf.
com/ims-2013-microwaves-rf-
reports-event to check out our show coverage, as well as
www.engineering tv.com to view videos from the event.

MWRF.COM HAS
ARCHIVES OF PRINT
AND ONLINE ARTICLES
DATING BACKTO
OCTOBER 2002.

Visit mwrf.com today and click
the “Back Issues” link. And while
you're taking a look around the
site, click on “Product Directory”
to gain access to our complete s
directory of products and suppliers. s 2T

1
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Ultra Small 2x2mm

2W ATTENUATORS oc o061 °1°°...

Save PC board space with our new tiny 2W fixed value
absorptive attenuators, available in molded plastic or high-rel
hermetic nitrogen-filled ceramic packages. They are perfect
building blocks, reducing effects of mismatches, harmonics, and
intermodulation, improving isolation, and meeting other circuit
level requirements. These units will deliver the precise attenuation
you need, and are stocked in 1-dB steps from 0 to 10 dB, and
12, 15, 20 and 30 dB.

The ceramic hermetic RCAT family is built to deliver
reliable, repeatable performance from DC-20GHz under
the harshest conditions. With sample prices starting at

Plastic

Ceramic

only $4.95 ea. (qty. 20), these units are qualified to meet
MIL requirements including vibration, PIND, thermal shock,
gross and fine leak and more, at up to 125°C!

The molded plastic YAT family uses an industry proven, high
thermal conductivity case and has excellent electrical performance
over the frequency range of DC to 18 GHz, for prices as low as
$2.99 ea. (qty. 20).

For more details, just go to minicircuits.com — place your

order today, and you can have these products in your hands
as soon as tomorrow! () RoHs comptiant

FREE Simulation Models! ; IModetithics‘

http://www.modelithics.com/mvp/Mini-Circuits/

[JMini-Circuits’

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



Impulse
Generators
100 - 2000 MHz

Editorial

JACK BROWNE
Technical Contributor

jack.browne@penton.com

Radar Is Driving
Industry Differently

Jar has long been a healthy application area for the RF/microwave industry,
ut it has also long been synonymous with military customers and subcontrac-
. For military radar use, requirements for devices, components, and systems
were well established by the environmental and performance needs of those military
radar systems. That being said, the commercial world is quickly adopting radar tech-
nology for collision avoidance systems, albeit at somewhat higher frequencies. Of
course, without the support of military contracts, these higher-frequency systems
must be designed economically and competitively.

One of the frequency bands that has caught a great deal of attention for commer-
cial/consumer automotive radar systems is at 77 GHz, within a band that is notoccu- | © | cim1o0a 100 A2 100

pied by other applications and can effectively support collision-avoidance radar sys-
tems in commercial automobiles. The secrets are to fabricate electronic systems that
can reliably and repeatably provide the performance needed for these systems, and to
do so at a cost that can be competitively applied across a wide range of automobiles.
Because of the potential size of this market—with each automobile employing

multiple antennas and 77-GHz radar receivers and transmitters to handle collision-
avoidance protection for the front, rear, and sides of a vehicle—many major device,
component, and subsystem manufacturers are exploring cost-effective solutions for

| GIM200A

: GIM1500A
77-GHz automotive collision-avoidance radar systems.

Even suppliers of printed-circuit boards (PCBs) are testing different high-frequen- GBAZO00A
cy materials for low dissipation at frequencies to 77 GHz and beyond. Interestingly,

these frequencies that were once considered “exotic” because they were much higher
than the traditional RF/microwave frequency range of DC to 18 GHz, are now draw-
ing a growing number of device, circuit, system, and even PCB developers offering
products capable of cost-effective performance at frequencies to 77 GHz and beyond.
The automotive radar market it is only just a start for what might be possible at
these higher frequencies. With the increasing needs to move large amounts of data
across relatively short distances in both commercial and military applications, line-
of-sight communications links at 60 and 94 GHz are also growing in popularity. Not
many years ago, electronic products at millimeter-wave frequencies were considered
somewhat exotic. But driven by automotive applications, the use of 77 GHz and other
millimeter-wave frequency bands may be as commonplace as getting in the car.

JOIN US ON SOCIAL MEDIA

@MicrowavesRF | facebook.com/microwavesrf l]

GO TO MWRF.COM







SPLITTERS/
COMBINERS

noW IkHz 1018 GHZ .10 79°

The Industry’s Largest Selection includes THOUSANDS

of models, from 2 kHz to 18 GHz, at up to 300 watts power, in coaxial,
flat-pack, surface-mount and rack-mount housings for 60 and 75 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.

@ s o i All Mini-Circuits catalog models are in stock,
continuously replenished, and backed by our 1-year guarantee. We even list

i o current stock quantities and real-time availability, as well as pricing, to

@ o help our customers plan ahead and make quick decisions.

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

RoHS Compliant
Product availability is listed on our website.

[ JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com 248 v
rev



cialized in Low Phase Noise
ency Sources since 1998,

new quieter PLDRO line.

9GHz ALDRORESIDUAL PHASE NOISE (dBg)

erence phase noise to

@ 100 Hz @ 100 MHz
 output

resolution +/- 0.001 Hz

MHz External reference
10 MHz to 35 GHz
put: +10 to +24 dBm
ating temperature

5°to +85°

<-90 dBc

your custom requirements.

the best performance and
ility on the market.

287 Forgewood Ave.
nyvale, CA 94089
(408) 962-0895
x: (408) 743-5354
es@nexyn.com

Www.nexyn.com
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1.0 MAX, 0.7 TYP 0 MIN dBm
1.0 MAX, 0.7 TYP +10 MIN +20 dBm
1.1 MAX, 0.95 TY +10 MIN +20 dBm
1.3 MAX, 1.0TYP  +10 MIN +20 dBm
1.6 MAX, T.4TYP  +10 MIN +20 dBm
1.9 MAX, 1.7 TYP +10 MIN +20 dBm
3.0 MAX, 2.5 TY +10 MIN +20 dBm
D MEDIUM POWER AMPLIFIERS
0.6 MAX, 0.4 +10 MIN +20 dBm
0.6 MAX, 0.4 +10 MIN +20 dBm
0.6 MAX, 0.4 +10 MIN +20 dBm
0.6 MAX, 0.45 +10 MIN +20 dBm
0.7 MAX, 0.5 +10 MIN +20 dBm
1.0 MAX, 0.5 +10 MIN +20 dBm
1.0 MAX, 0.5 +10 MIN +20 dBm
1.2 MAX, 1.0 +l 0 MIN +20 dBm
1.4 MAX, 1.2 +10 MIN +20 dBm
1.6 MAX, 1.4 +10 MIN +20 dBm
4.0 MAX, 3.0 +33 MIN +41 dBm
4.5 MAX, 3.5 +35 MIN +43 dBm
5.0 MAX, 4.0 +30 MIN +40 dBm
4.5 MAX, 3.5 +30 MIN +40 dBm
5.0 MAX, 4.0 +33 MIN +41 dBm
6.0 MAX, 5.5 +33 MIN +42 dBm
5.0 MAX, 4.0 +30 MIN +40 dBm
3.5 MAX, 2.8 TYP +31 dBm

D & MULTI-OCTAVE BAND AMPLIFIERS

Cio Wireless, Inc. 4000 Via Pes

Tel (805) 389-3224  Fux (805) 389-

Gain @) MIN  Noise Figure (@8) Powerwr@ﬂda 3rd Order ICP
28 1.6 Mox, 1.2 TYP +10 MIN +20 dBm
1. 11 +10 MIN +20 dBm
Z. ! +10 MIN +20 dBm
3.0 MAX, +22 MIN +32 dBm
4.5 MAX +30 MIN +40 dBm
2.0 MAX, +10 MIN +20 dBm
5.0 MAX +30 MIN +40 dBm
5.0 MAX, +23 MIN +33 dBm
5.0 MAX, +30 MIN +40 dBm
3.5 MAX, +10 MIN +20 dBm
5.0 MAX, +20 MIN +30d
5.0 MAX +24 MIN +34 dBm
Output Power Range Psat  Power Flamness dB
+7 to+11 dBm - 1.5 MAX
+14 to +18 dBm /15MAX
+14 to +19 dBm +/- 1.5 MAX
+14 to +19 dBm +/- 1.5 MAX
Power-out@p1d8 Gain Attenuation Range
5.0 MAX, 3.5 TY +12 MIN 30 dB MIN
2.5 MAX, 1.5 TYP +18 MIN 20 dB MIN
2.5 MAX, T.5TYP  +16 MIN 22 dB MIN
2.5 MAX, T5TYP  +12 MIN 15 dB MIN
22 MAX 1.6 TYP  +16 MIN 20 dB MIN
3OMAX 20TYP  +18 MN 20 dB MIN
Noise Figure dB  Power-out@pi  3rd Order ICP
4.0 MAX, 2.2 TYP +]0 MIN +20 dBm
3.5 MAX, 2.2 TYP +23 dBm
4.0 MAX 2.2 TY +23 MIN +33 dBm
4.0 MAX, 2.8 TYP +17 MIN +27 dBm
4.0 MAX, 2. 8 TYP +20 MIN +30 dBm
4.0 MAX, 2.8 TYP +25 MIN +35 dBm
4.0 MAX 2.8 TYP +15 MIN +25 dBm
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Feedback

MAKING THE
MOST OF IMS

In reviewing recent
issues of your magazine,
I scoured your pages for
details on the recent 2014
International Microwave
Symposium (IMS) in Tampa.
To be honest, I was a little
disappointed by the lack
of product preview infor-
mation prior to the show.
Admittedly, the best way to
learn about new products at
any IMS is to walk the floor
and get in front of exhibitors
to hear their pitch. But this is
also a very time-consuming
approach, since it can easily
take 20 minutes per stop just
to walk down one aisle at a
big trade show.

With less than three days
to cover such a large exhibi-
tion floor, with typically
more than 500 exhibiting
companies, it is nearly
impossible to spend time
with every company of
interest. For this reason, it
is especially important for
publications such as yours to
provide extended coverage
of the IMS.

JOSEPH STARBUCK

EDITOR’S NOTE

The International Micro-
wave Symposium—with
its excellent collection of
technical presentations,
workshops, and applica-
tion reviews, along with its
hundreds of manufacturers’

exhibition booths with exist-
ing and new products—is
obviously one of the single
most important events to
occur in the RF/microwave
industry each year. In recog-
nizing the importance of the
event to product specifiers
and the companies provid-
ing new products, Micro-
waves ¢ RF is expanding its
online gallery of 2014 IMS
new products into a subsite

of www.mwrf.com.

Starting with the 2014
IMS offerings, it will eventu-
ally extend to the full indus-
try for 2014 and beyond. The
subsite will provide a single
source for searching out
data on new products of all
types, along with the capa-
bility to search for specific
product types (such as
low-noise amplifiers or
spectrum analyzers).

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

Jack Browne
Technical Contributor
jack.browne@penton.com

Nancy Friedrich
Content Director

nancy.friedrich@penton.com

Power Dividers, DC-60 GHz

2-32 Way

18

Hybrids, to 40 GHz

90° & 180° Attenuators, to 18 GHz
Digital, Analog, Linearized

Bias Tees, to 85 GHz

30 KHz to 85 GHz

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

Switches, to 18 GHz
- SP1T-SP8T
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+36dBm IIP3 Mixer Boosts
Dynamic Range with 2.4dB Gain

Wideband 300MHz to 3.5GHz Integrated Mixer Lowers
Power and Reduces External Components

The LTC®%551’s +36dBm I1P3, combined with 2.4dB conversion gain and 9.7dB noise figure, produces outstanding
dynamic range performance. Its high gain saves an expensive IF amplifier stage while minimizing noise gain. And its
0dBm LO drive eliminates a high power RF amplifier, ensuring consistent performance without sensitivity to LO level
or power supply variations.

W Product Features LTC5551 Demo Board

W Info & Free Samples

¢ 300MHz to 3.5GHz Frequency Range
+36dBm IIP3

2.4dB Conversion Gain ey |
9.7dB NF LTCs551
0dBm LO Drive

* Low Power: 670mW

www.linear.com/product/LTC5551
1-800-4-LINEAR
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Cruise Missile Undergoes

PASSIVE PROCESSOR TESTING

perform precision strikes, the

hawlBlock missiles to carry out the mis-
sion. The highly accurate, GPS-enabled
precision weapon can change targets at a
moment’s notice, even in harsh environ-
ments. The latest iteration is the Toma-
hawk Block IV cruise missile. The new
Block IV design, initiated in an effort

to save cost and improve functionality,
includes a two-way satellite data-link
that makes it possible to retarget while
in flight.

The Block IV recently underwent
captive flight testing to demonstrate an
advanced, next-generation, multi-
function processor. The processor
enables the missile to navigate and track
moving targets through the use of radio-
frequency signals.

The test equipped the Tomahawk’s
nosecone with passive antennas and the
new modular processor. Fitted to a T-39
aircraft that simulated a normal flight
regime, the passive seeker and processor
successfully received numerous elec-
tronic signals from tactical targets in a
complex, high-density electromagnetic
environment.

Next year, Raytheon plans to test the

Over the past 30 years, Tomahawk cruise missiles have been used approximately 2300 times

in combat and flight-tested more than 700 times. (Photo courtesy of Raytheon)

processor with an active seeker. The pro-
posed event will demonstrate the proces-
sor’s ability to broadcast active radar as
well as passively receive electromagnetic
information—a critical component in
enabling the missile to strike moving tar-
gets on land and at sea.

Today’s network-enabled Tomahawks
allow controllers from across the globe
to use almost any sensor to guide it to a
target. The ability to multitask—
sending back pictures while doing
reconnaissance—is especially critical
while carrying a 1000-1b warhead. =

BITCOINS READY TO TAKE OFF...Into Outer Space?

BITCOINS, A CRYPTOCURRENCY based on a peer-to-peer (P2P) net-
work, have now become the central components of a potential sat-
ellite launch. The project aims to bring the network to off-grid areas
and in places plagued by expensive or faulty network connections,
further expanding the cryptocurrency’s reach. The bitcoin network

20

isn't governed by a central authority. Rather, a process called “min-
ing” manages transactions and issues out money, all of which is bal-
anced on a shared public ledger, or block chain.

A preliminary design contract between Dunvegan Space Sys-
tems and Deep Space Industries calls for the development of an

JUNE 2074  MICROWAVES & RF



orbital system for the not-for-profit BitSat project. The constel- ?
lation of small BitSats (small 10-cm boxes) will utilize an orbital
node for the bitcoin P2P network to enhance resiliency against
disruptions or outages. BitSats will also provide cross-check
capabilities, verifying that blocks available on the terrestrial net-
work haven't been spoofed while also providing the latest blocks
to locations off the terrestrial grid.
This is not the first time bitcoins have met the space frontier.
According to a Yahoo! News report, British bilionaire Sir Richard
Branson recently announced that his commercial space company,
Virgin Galactic, would start accepting payments in the cryptocurrency
for suborbital flights aboard SpaceShipTwo. So far, the Winklevoss
twins —famous for their dispute with Facebook founder Mark
Zuckerberg—are among Virgin Galactic’s bitcoin-paying customers.
Back on Earth, bitcoins may be deemed a commodity rather than
a currency by the IRS, but that hasn't stopped the digital transac-
tions from changing the way we pay for things. RT.com examined the
tumultuous bitcoin landscape, and noted that “the announcement
comes at a curious time for the increasingly popular currency, with

%

some experts wondering if bitcoin’s own success will ultimately lead
to its demise. Governments and financial institutions have not been
more encouraging, with the IRS announcing bitcoin would be regu-
lated as a commodity rather than a currency, and the CEO of
Chase bank questioning if users should trust bitcoin (price fluctu-
ated from $230 in April 2013 to below $70 in July, then surpassing
$600 in November).”

The project is expected to cost around $2 million—equal to
about 4519 bitcoins —with funding provided by a crowdsourcing
campaign. More details about the project will be made public later in
2014 via BitSats’ Google Group.

GLOBAL MOBILE-PHONE SHIPMENTS
continue to escalate and an unex-
pected player joined the top 10
vendors, according to Strategy
Analytics’ recently released report.
Shipments jumped 9%—the
highest rate since 2011. Overall,
Q1 2014 saw 408 million units
shipped versus 372.7 million in Q1
2013. Of the total mobile-phone
shipments, smartphones account-
ed for 7 in 10.

Demand for 3G and 4G mod-
els across Asia, Africa, and other
countries represent the primary
driver of growth. How-
ever, growth in Asia was
offset by rapid change in
demand across Europe,

which had a strong quarter, evi-
denced by its first-ever ranking as
a top 10 mobile vendor.

The top five mobile vendors
are Samsung, Nokia, Apple, LG,
and Huawei. Samsung grew 6%
annually and shipped 113 million
phones, landing 28% of the market
in Q1 2014. However, Samsung’s
growth slowed due to competi-
tion from Chinese vendors. Still,
the company ships more phones
worldwide than Apple, LG, and
Nokia combined. Nokia claims 12%
market share, shipping 47 million

Market share (%)

Global Mobile Phone Vendor Marketshare (Percent) Q1 2014

FIRST-QUARTER MOBILE-PHONE SHIPMENTS Up 9% Over Last Year

mobile phones worldwide, but still
must fend off competition from
Apple and other Android vendors.
A key is new owner Microsoft,
which will look to Nokia’s upgrad-
ed X phone to stabilize potential
future decline.

Apple, LG, and Huawei round
out the top five mobile vendors.
Apple shipped 43.7 million
iPhones worldwide in Q1 2014 for
a 10.7% market share—a slight
increase from 37.4 million in Q1
2013. LG had a varied quarter,
capturing 4% of the market, It
performed well in Europe,
but weakly in China and
India. Huawei captured

a 3% share and is grow-
Samsung pd grow

the Middle East, Africa, 28% ing at twice the rate of
and North America. Nokia the industry average. The
Second-tier brands have Apple company shipped 14.2
gained momentum, too. B G million phones, with its
Brands to watch include 3G and 4G Android gain-
Coolpad, Lenovo, TCL- Huausl ing popularity in Asia and
Aleatel, and Xiaomi, ~ Others  North America.

GO TO MWRF.COM
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News

SECOND MUOS-
SATELLITE RADIO Test Lab
Begins Operations

GENERAL DYNAMICS €4 Systems opened
the doors to a new radio testing labora-

tory for the Mobile User Objective System
(MUQS) satellite-ground station communi-
cations that make up the soldier’s network.
MUQS ultra-high-frequency (UHF) satellites
aim to provide more secure military com-
munications by leveraging commercial

Redefining
Frequency Synthesizers
With QuickSyn Technology

Design smaller and more efficient instruments with
National Instruments QuickSyn synthesizers. The revolutionary
phase-refining technology used in QuickSyn synthesizers enables

blazing fast switching speeds, very low spurious and phase noise

performance, wide frequency range, and small footprint.

QuickSyn Models

Full-Featured

FSW-0010 10 GHz
FSW-0020 20 GHz

Lite Version

FSL-0010 10 GHz
FSL-0020 20 GHz

ni-microwavecomponents.com/quicksyn

408 610 6810

<7 NATIONAL
INSTRUMENTS'
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cellphone waveform technology. By adapt-
ing the wideband code-division multiple-
access (WCDMA) architecture, the satel-
lites can provide 16 times greater capacity
than current UHF satellites.

Located in Scottsdale, Ariz., the U.S.
Navy-approved laboratory is one of two
that supports testing for radio terminals
that will connect with the MUOS space-
ground network. The lab is equipped with
hardware and software that simulates
radio connectivity with the network. Radios
are provisioned with the WCDMA-based,
MUOS-specific waveform to make secure
voice calls and complete data transmis-
sions at different data rates across the
network. Communications flow to the sat-
ellites via UHF WCDMA links; the satellites
relay the data via a Ka-band feeder link to
one of four interconnected ground sites.

The lab will help the U.S. military and
government find cost-effective and efficient
ways to add MUQOS-capable radios, such
as Rockwell Collins’ ARC-210 and General
Dynamics’ AN/PRC-155, to current com-
munications networks. Recently, a team
from Harris connected the AN/PRC-117G
Falcon Il radio to a MUQS system devel-
oped by Lockheed Martin.

The narrowband capability delivered
through MUQS ensures reliable coverage
even during situations such as national
emergencies, disasters, and humanitar-
ian relief. Once fully deployed, the MUOS
constellation will consist of four geosyn-
chronous satellites—plus an on-orbit
spare—as well as the four ground stations.
The constellation is expected to achieve full
operational capability in 2015, &

Testing the AN/PRC-155 Manpack Radio
at the new laboratory in Scottsdale. (Photo

courtesy of General Dynamics C4 Systems)
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90" SPLITTERS

$199
5MHZ tO 8GHZ from B ea.qty.1000

With over 70 different models, our two-way 90° splitters make the 5%
perfect building blocks for many designs including balanced amplifiers, "
IQ modulator/demodulators, single sideband modulators, image rejection
mixers, voltage variable attenuators, phase shifters, and more! Use them
for signal processing designs requiring 90° phase offset or to insulate your
circuit from reflective elements. The industry’s widest range of frequencies, ,
extra low amplitude and phase unbalance, and packages as small as O RoHS compliant
0.08 x 0.05” make these hybrids essential tools for your RF design toolbox.

Tiny, robust, low-cost LTCC models are now available in small quantity reels,
with standard counts of 20, 50, 100, 200, 500, 1000, or 2000 at no extra cost!
For full performance details and product availability, visit minicircuits.com.

Order online today and have units in-hand as soon as tomorrow!

[ JMini-Circuits’

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



CONNECTED CAR
MARKET Expects 15.4%
Increase in 2014

THE CONNECTED CAR market is growing
at a rapid pace. It also is undergoing
major changes, thanks to the intro-

duction of new competition, global
regulation, and increasing profit
potential. Visiongain’s commercial
director, Sara Peerun, and head of
reports, Daniel Harrison, recently
shared some insights into this

industry based on the new report,
“Top 20 Connected Car Companies
2014: mAutomotive, Telematics,
Infotainment, Diagnostics, Connec-
tivity, Safety & Security.”

They emphasize the impact on

the market as new players joined
the foray this year. Specifically,
telecommunications and Internet
giants, competing with OEMs, are
both starting to become prevalent
in the connected car industry.
Although OEMs currently lead the
market, other types of companies
will increasingly sell in-car tech-
nology and provide connectivity.
Apple and Google, for example,
are introducing operating systems
to work with iPhone and Android.
MNOs, like Verizon and Telematics,
also are gaining interest.

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing
Sophisticated Satellite link emulation
As a result, different companies
are shaping up to be industry lead-
ers in the relatively new market.
Car manufacturers and OEMs like

Mobile Comm’s on the-meve t&sting

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

- warfare imnformation networks, tactical

- mobile uscr objective system KUDOS
API TECHNOLOGIES CORP—The UK
Trade & Investment (UKTI) GREAT
Business Innovation Award in
Technology was presented to AP
Technologies Corp. during the an-
nual BritWeek Miami event held in
South Florida. BritWeek Miami is
an alliance between UKTI and the
British Consulate General, which
was developed to highlight the
dynamic relationships between
Britain and Florida.

NORTHROP GRUMMAN CORP —Charles
Volk was awarded the Kershner
Award at the Institute of Electrical
and Electronics Engineers/Institute
of Navigation'’s Position Location
and Navigation Symposium.The
prestigious Kershner Award was
established in honor of Richard

B. Kershner, the lead developer of
the world's first navigation satellite
system.Volk was honored for his
work on navigation and inertial
sensor systems.

J- Joint Tactical Radio System

= Intéffiet rtOuting in space

dEBmCorp, Inc

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

RF Test Equipment for Wireless Communications

www.dbmcorp.com
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THE ENGINEER'S RF SOURCE

Armed with the world’s largest selection of in-stock, ready to ship RF components, and the brains
to back them up, Pasternack Component Engineers stand ready to troubleshoot your technical
issues and think creatively to deliver solutions for all your RF project needs. Whether you've hit a
design snag, you're looking for a hard to find part or simply need it by tomorrow, our Component
Engineers are at your service. Call or visit us at pasternack.com to learn more.

RF SPECIALIST LARGEST RF SAME-DAY pasternack.com
SUPPLIER INVENTORY SHIPPING 866.727.8376




RAYTHEON—Chairman William H.
Swanson was inducted info the

U.S. News STEM Leadership Hall of
Fame for his leadership in advanc-
ing STEM education and preparing
the next generation of engineers
and scientists. He was honored at a
special ceremony during the 2014
U.S. News STEM Solutions National
Leadership Conference at the
Wallter E. Washington Convention
Center in Washington, D.C. In other
Raytheon news, the company has
once again been named to CR
Magazine’s 100 Best Corporate Citi-
zens List, ranking 42.The annual list
analyzes the performance of Russell
1000 companies, recognizing those
that demonstrated outstanding
corporate responsibility programs
in 2013.

ANRITSU—The company’s ME7834
Protocol Conformance Test system
has the highest number of ap-
proved IMS test cases for device
certification of any fest platform,
Anritsu’s accomplishment also
includes a number of unique and
industry-first GCF approvals for this
technology.

GM, Ford, and BMW will have a
generous market share in 2014. Yet
wireless-modem chipset providers
like Qualcomm and Broadcom also
will be prevalent. MNOs also will
have a stake, such as AT&T and
telematics software providers. Yet
it is important to keep in mind that
the connected car market is still
relatively small. As a result, new
players like Google and Apple could
reshape it.

In addition to the influx of tech-
nology companies in this market,
Peerun and Harrison note that
regulatory efforts are driving con-
nected cars forward. In the Euro-
pean Union, for example, eCall will
be mandatory in every new vehicle
by 2015. This automated call to
emergency services is initiated after
an accident with a minimum set of

26

AGILENT TECHNOLOGES—Named JAY AL-
EXANDER has been named Keysight
Technologies™ chief technology officer.
Agilent announced in September 2013
that it would separate into
two publicly traded com-
panies in 2014. Agilent’s
Electronic Measurement
Group is expected to be-
gin operating as Keysight
Technologies in August 2014. Alexan-
der’s appointment is effective imme-
diately. In his new position, Alexander
will lead Keysight’s technology devel-
opment, drive its product roadmap,
and manage the company’s resource
allocation across divisions to transform
Keysight’s portfolio to proactively meet
customers’ needs.

ANRITSU GORP.—Appointed PETE ALEX-
ANDER as vice president and general
manager of Anritsu Co., the U.S. sub-
sidiary of Anritsu Corp. Alexander will
be responsible for all sales, marketing
and field support operations for An-
ritsu’s wireless, optical, microwave/
RF, and digital test solutions in North

&

ALEXANDER

emergency-related data (MSD). It
is predicted to speed up emergency
response time by 40% in urban areas
and 50% in rural areas.

Additionally, Russia’s Emergency Road
Assistance (ERA)-Global Navigation Sat-
ellite System (GLONASS) is expected to

Regulatory efforts—

such as eCall in the
European Union—are driving
connected cars forward.”

be required in all vehicles sometime this
year. ERA-GLONASS is an emergency
system like eCall. It will force foreign and
domestic manufacturers to ensure that
calls to emergency services can be made
with basic connectivity technology. Also
slated for 2014 is a vehicle tracking system

America and Latin America.
PRECISION DEVICES INC.—An-
the addition
of SAM JOHNSON as vice
president of engineering.
Johnson brings extensive
knowledge of filter design,
production, and testing to PDIL. He has
significant experience with cavity and
coaxial/tubular filter designs covering
DCto 20 GHz.

RAYTHEON—Named THoMAs A. VEccHI-
OoLLA as president, Raytheon Interna-
tional Inc., effective immediately. Vec-
chiolla has a proven track
record and extensive ex-
perience in international
business  development
and competitive pursuits.
In his new role, he will be
responsible for leading Raytheon’s in-
ternational business team worldwide.
Vecchiolla will report to JouN HARRIs,
vice president, business development,
Raytheon Co., and CEO, Raytheon In-
ternational Inc. and will be based in
Washington, DC.

nounced

JOHNSON

b

VECCHIOLLA

to combat Brazil’s auto-theft problems.
The stolen-vehicle-tracking (STV) device
is called Contran 245.

In 2014, the connected car market
is expected to be $25.5 billion—an
increase of 15.4% from 2013. Peerun
and Harrison note that this growth is
driven by both demand for wireless
connectivity and global regulatory
safety mandates. In countries where
the demand for wireless connectiv-
ity is shown by high levels of smart-
phone and tablet adoption, the car
is the next frontier for seamless con-
nectivity. As safety regulations ease
any privacy concerns on the part
of drivers, the growth of telematics
solutions should translate into prices
dropping to levels that consumers
will more readily pay. Given such an
outlook, the connected car market
indeed seems destined for growth. =
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Redefining RF and
Microwave Instrumentation

with open software and modular hardware

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

applications by combining National Instruments open software and modular
hardware. Unlike rigid traditional instruments that quickly become obsolete
by advancing technology, the system design software of NI LabVIEW
coupled with NI PXI hardware puts the latest advances in PC buses,

processors, and FPGAs at your fingertips.

>> Learn more at ni.com/redefine

800 813 5078

i PX 11078

WIRELESS TECHNOLOGIES

National Instruments supports a broad
range of wireless standards including:

LTE GSM/EDGE
802.11a/b/g/n/ac CDMA2000/EV-DOD
WCDMA/HSPA/HSPA+  Bluetooth
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Company News

| CONTRACTS |

Redline Communications—Closed a significant con- REDLINE Space Systems/Loral (SS/L)—Has been signed by
tract with Hess Corp. to provide wireless networks for Stlr;kelz l:lesT EchoStar Corp. to provide the EchoStar XXII1, a high-
olitield aea

the oil giant’s operations in the Bakken reserve area of
North Dakota. Redline is providing complete turnkey

power and very flexible Ku-band satellite capable of
providing service from any of eight different orbital

installations of wireless digital oilfield networks, in- Tcppeg?cflsupply slots. Planned for launch in 2016, it is designed to pro-
cluding engineering services for developing network vide service for 15 years or longer.

designs optimized for the complex topography. This
ubiquitous network coverage will allow people and machines
to communicate to all Hess systems, regardless of where they
are located.

RADWIN—Was selected by the Semirara Mining Corp.—the
largest coal mine in the Philippines—for its high-capacity point-
to-point solutions. Semirara is using RADWIN 2000 systems to
create a private network to provide voice and data services to
offices scattered across the mine site. EBDI, a Philippines-based
system integrator, managed the entire installation.

satellite

SSL also was chosen to provide a satellite to PT.
Bank Rakyat Indonesia (Persero) Tbk (BRI), which would make
BRI the first bank in the world to launch a communications
satellite. Its goal is to provide a dedicated platform for bank-
ing connection services for the people of Indonesia. BRIsat is
a C-band and Ku-band satellite that will be positioned at 150.5
degrees East longitude with coverage of South East Asia and
Indonesia. It will help BRI provide secure banking communica-
tions for its over 9800 branches, over 100,000 electronic channel
outlets and more than 50 million customers across Indonesia.

FRESH STARTS

Emerson—Will divest its Connectivity Solutions business unit
to Bel Fuse Inc. The transaction, valued at $98 million, is ex-
pected to close before the end of the fiscal year, with proceeds
deployed for incremental share repurchase in 2014. Currently a
part of Emerson’s Network Power business, with 2013 revenue
of more than $80 million, Bannockburn, Ill.-based Connectivity
Solutions offers fiber optic, RF, and microwave-coaxial technolo-
gies that safeguard network reliability.

Knowles Capacitors—Diclectric Laboratories, Novacap, Syfer
Technology, and Voltronics have come together to form Knowles
Capacitors, a new entity has a combined history exceeding

175 years and is a division of Knowles Corporation of USA, an
independent publicly traded company. As one of the first moves
under this new umbrella, the Voltronics brand has launched its
VO000 series, specifically designed for the MRI industry.
National Technical Systems Inc.—Has successfully com-
pleted its American Association for Laboratory Accreditation
(A2LA) audit for its Plano, Texas, facility and has added wireless/
radio testing, product safety evaluations and Energy Star testing
capabilities.

SemiGen Inc.—Announced that a series of fixed attenuator
pads are now available from its RF Supply Center. SemiGen’s
advanced thin-film technology allows these attenuator pads to
have full side wraps for SMT installation and a complete ground-
ing backside for ease in attachment. SemiGen also offers a full
range of RF/microwave and digital design/engineering services
in collaboration with the microwave-engineering experts at Salt-
whistle Technologies.

Wiirth Elektronik eiSos Group—The European supplier of
electronic and electromechanical components has acquired
Italian connector manufacturer Stelvio Kontek SpA. By buying
up the company, Wirth Elektronik eiSos will extend its global
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activities in the connector business sector. The company has
business operations in 50 countries worldwide with 13 produc-
tion sites spread over all important global markets.

Agilent Technologies —Announced the successful verification
of full Category 7 data throughput with Marvell’s latest chipset
design using the new Agilent E7515A UXM wireless test set.
Agilent and Marvell worked in concert to achieve sustained
bidirectional 300 Mbps downlink/100 Mbps uplink data
throughput using 3GPP release 10 downlink and uplink

carrier aggregation.

NYU WIRELESS—Aims to expand today’s mobile and wire-
less capabilities to create a sustainable networked society
using broadband wireless devices, networks, and applications.
Through its Industrial Affiliates membership, Straight Path is
making a commitment to support the center’s research activities,
including its pioneering work in understanding and characteriz-
ing the propagation environment at millimeter wave frequencies,
including 28 and 39 gigahertz (GHz).

Huawei—Announced that its latest GSM-R solution has sup-
ported China’s Da-Qin Railway Line with a successful 30,000-ton
heavy-duty traction test, which increased China’s railway hauling
capacity by over 50%, enabling China to be one of the few
countries in the world to conduct transportation of 30,000-ton
heavy-haul trains in existing railway systems.

TriQuint Semiconductor Inc.—Appointed fast-growing
Upstar Technology as its new distributor in China for TriQuint's
high-performance mobile products. TriQuint has already cre-
ated buzz and captured numerous design wins in China—the
world's largest wireless communications market—at a time of
explosive growth driven by rapid consumer adoption of mobile
devices and accelerating buildouts of LTE networks for leading
smartphones.
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Directional/Bi-Directional

COUPLERS

- 5kHzto12GHz

ﬂO\N\' 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.

$ 169
Up ta 250 W from I ea. (qty.1000)

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

[JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com



" ysB & ETHERNET

Switch position
indicator lights

oW Fealure!

Switch Cycle Counting

We’re adding more models and more functionality to our line of RF
switch matrices. All models now feature switch cycle counting
with automatic calibration interval alerts based on actual usage,
an industry first! This function improves test reliability and saves
you money. Our new RC-series models feature both USB and
Ethernet control, so you can run your test setup from anywhere
in the world! Rugged aluminum cases on all models house our
patented mechanical switches with extra-long life of 10 years/100
million cycles of guaranteed performance!™

USB Control Switch Matrices

Model # Switches IL  VSWR Isolation RF Py Price $
(SPDT) (dB) (1) (dB) (w) (Qty. 1-9)
NEWUSB-1SP4T-A18 1 (SPAT) 0.25 1.2 85 2 795.00

USB-1SPDT-A18 1 0.25 1.2 85 10 385.00
USB-2SPDT-A18 2 0.25 1.2 85 10 685.00
USB-3SPDT-A18 3 0.25 1.2 85 10 980.00
USB-4SPDT-A18 4 0.25 1.2 85 10 1180.00
USB-8SPDT-A18 8 0.25 1.2 85 10 2495.00

Our easy-to-install, easy-to-use GUI will have you up and
running in minutes for step-by-step control, full automation,
or remote operation. They're fully compatible with most
third-party lab software,t adding capabilities and efficiency
to existing setups with ease! Visit minicircuits.com today
for technical specifications, performance data, quantity
pricing, and real time availability — or call us to discuss your
custom programming needs — and think how much time
and money you can save!

veY USB and Ethernet Control Switch Matrices

Model # Switches IL  VSWR Isolation RF Pyay Price $

(SPDT) (dB) (1) (dB) (W) (Qty. 1-9)
RC-1SP4T-A18 1(SP4T) 0.25 1.2 85 2 895.00
RC-1SPDT-A18 1 0.25 1.2 85 10 485.00
RC-2SPDT-A18 2 0.25 1.2 85 10 785.00
RC-3SPDT-A18 3 0.25 1.2 85 10 1080.00
RC-4SPDT-A18 4 0.25 1.2 85 10 1280.00
RC-8SPDT-A18 8 0.25 1.2 85 10 2595.00

"The mechanical switches within each model are offered with an optional 10 year extended warranty.
Agreement required. See data sheets on our website for terms and conditions. Switches protected by
US patents 5,272,458; 6,650,210; 6,414,577; 7,633,361; 7,843,289; and additional patents pending.

TSee data sheet for a full list of compatible software.

[JMini-Circuits’

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003

(718) 934-4500 sales@minicircuits.com
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r Turn USB Power Sensors into

Swaz RF POWER METERS
from -35 up to +20 dBm 9kHz to 8 GHz

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

Don't break your bank with expensive conventional power
meters. Mini-Circuits USB Power Sensors turn almost any
Linux® or Windows® based computer into a low-cost testing
platform for all kinds of RF components. Reference calibration is
built in, and your USB port supplies required power. Our GUI
offers a full range of watt or dB measurements, including
averaging, frequency sweeps, and multi-sensor support.

Our power sensors can be carried in your pocket, or mounted
remotely for manual or automated system monitoring (internet
connectivity required). Data can be viewed on-screen or exported
to Excel® spreadsheets for reporting and analytic tools.
Mini-Circuits Power Sensors cost half as much as you might
expect, so why do without? Place an order today, and we can
have it in your hands as early as tomorrow.

All Power Sensor models include: Model Frequency Price $ ea.

* Power Sensor Unit (Qty 1-4)

*Power Data Analysis Software PWR-4GHS 9kHz-4 GHz 795.00

*SMA Adaptor (50Q only) PWR-2.5GHS-75 100 kHz-2.5 GHz 7985.00
PWR-8GHS 1MHz-8 GHz 869.00

Ot a0 ma WA PO 3. PWR-8FS 1MHz-8 GHz 969.00

+ See datasheets for an extensive st of compatible software. NE\N'» PWR-4RMS 50 MHz-4 GHz 1169,00

Windows and Excel are registered trademarks of Microsoft Corporation
in the US and other countries. Linux is a registered trademark of
Linus Torvalds. Neither Mini-Circuits nor Mini-Circuits Power
Sensors are affliated with or endorsed by the owners of the
above-referenced trademarks.

() RoHS compliant

[JMini-Circuits’

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



NEW ATC 506WLS Series

a-Broadband Induct

‘For Coverage Through 40+ GHz

 Ideal for Ultra-Broadband D couplmg etworks and B:as Tee
 Applications for Optical ommunication Systems using High Speed
Digttal Logic

Attributes: : Advantages.
» Ultra-Broadband Performance e Flat Frequency Response
® Operating Temperature Range: ~® Excellent Return Loss Through 40 GHz
=55°C to +125°C ;  Unit-to-Unit Performance Repeatablhty
e Ultra-Low Insertion Loss ‘ * Rugged Powdered Iron Core .

» Lead-free, RoHS Compliant Terminations

Overatin ehitida Caidant ATC506WLSNG6ROO Insertion Loss (521)
. . | Inductance P 9 " 4 s *
Series - Case Size Riaie Frequency Loss Handling 02 — — AT
9 Range* typ.** (DC max.)*** W@ -04 '\,\
‘ @-o.e
S8
_ 047yHto | 1.1 MHz 182 mA L
o tan M aa pH | through 40+ GHz i to 815 mA £
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- Cade N 10.7 yH | through 40+ GHz Ll to 694 mA b fires
o
*Lower -3 dB roll-off frequency **Shunt Mounted ***Current for 100 °C temperature rise 4 ol F:unenzgy (foz ) o M
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Noel Heiks,
CEO OF NUVOTRONICS
Interview by JEAN-JACQUES DELISLE

JD: Nuvotronics’ goals and identity have been dynamic due to the shifting
landscape of grant-based work. What capabilities and technologies do you want
Nuvotronics to be known for as the firm comes into its own?

NH: Nuvotronics continues to produce highly advanced 3D architectures for micro-
wave modules and systems. We hope to be known as the ones who can fit a diplexer
into that 100x smaller footprint, deliver 500+ RF feed connections in one shot, or hit
that performance metric again and again without tuning. We aim to be the supplier
who can deliver what no one else can from DC to beyond 300 GHz.

JD: What factors have influenced Nuvotronics’ move to a larger-format process?
NH: In 2013, we opened a new facility in North Carolina with an 8-in. wafer line. (We
started with a 6-in. line.) This step moved us along our roadmap toward larger wafer and
panel sizes. We produce phased-array front ends and other large-format modules with
many RF and DC lines currently in scales from 1 to 10 cm. As long as yield remains high,
a larger product is more economical because assembly complexity is reduced. In addition,
we produce many devices like filters and power modules, where—although they are small

form factor—they are made more cost-effective as substrate size grows.

JD: What market trends are driving the miniaturization of RF networks?

NH: Millimeter-wave technology is booming with a predicted 63% compound annual
growth rate (CAGR) for the industry through 2016." As frequencies go up, miniaturization
becomes a huge issue for traditional microwave-system manufacturers. Waveguide launches,
transitions, combiners, and antennas all become painfully small—difficult to machine and
integrate—unless you have a manufacturing technology capable of tolerances like a micron
(rather than a mil).

Unmanned, man-portable, and aerospace platforms also are driving miniaturization and size,
weight, and power (SWaP) across all frequencies. Say a customer needs to pack 20 W of Ka-band
power into a few ounces. How are they going to achieve their requirements? An answer would be
to use innovations in high-density, miniaturized RF networks and, of course, the latest gallium-
nitride (GaN) and gallium-arsenide (GaAs) monolithic microwave integrated circuits (MMICs).
JD: What markets are the highest consumers of miniaturized RF networks?

NH: We've seen miniaturization already in the phones we carry every day. Communications is a
huge consumer of small, sophisticated RF devices. For the military alone, communications is pro-
jected to be a $30 billion market by 2019.? This demand has driven huge volumes and vast miniatur-
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News

ization in RF networks and will continue to do so in the coming
years. In particular, we are looking forward to future volumes in
millimeter-wave communications, where hundreds of thousands
of millimeter-wave radios will be needed per year by 2018.*

JD: What benchmarks is the industry striving for in terms of
size, speed, cost, yield, etc.?

NH: Cost and yield benchmarks for commercial applications
are more stringent than in defense. But budget constraints in
the defense sector also are pushing those targets. For some RF
components, yield above 99% is expected. In contrast, more
cutting-edge devices have looser constraints. (Think
millimeter-wave MMIC dies and anything that uses them.)
Regarding size benchmarks, we have customers that need a
nearly 10x reduction in footprint, weight, or power, particu-
larly for space applications.

JD: What is enabling miniaturized RF network technology?
NH: Competition between MMIC foundries and design

firms has resulted in high-performance, multi-function ICs

in dramatically reduced chip form factors. These devices are
burdened by numerous RF, DC, and control interconnects in a
tight pitch, where signal isolation is difficult to achieve. Novel
flat antenna designs have introduced the industry to miniatur-
ized planar beam-steering products. Yet the industry has lacked
the feed and interconnect architecture to weave MMICs and
planar antennas together, ideally incorporating the feeds, pas-
sives, MMIC interconnects, waveguide launches, and hundreds
of isolated DC and RF lines all in a compact, low-loss footprint.
Nuvotronics has developed a unique additive manufacturing
technology for mixed metal-air-dielectric microfabrication to
enable this 3D RF miniaturization.

JD: What new applications are being enabled by miniaturized
RF networks?

NH: I mentioned millimeter-wave communications as a target
application. Not only land-based, but airborne millimeter-wave
SATCOM is driving miniaturization. Commercial aircraft

and even unmanned drones are being targeted to carry small,
lightweight terminals that will need miniaturization throughout.
Look at DARPA’s Mobile HotSpots program, retrofitting drones
with millimeter-wave terminals to make them mobile WiFi
hubs.! That program is a great example of the need to miniatur-
ize the RF antenna, front end, and power amplifier.

JD: How are miniaturized RF networks helping to advance
GaN MMIC technologies in terms of thermal management?
NH: Although the industry is making dramatic advances in
GaN, the packaging of such solutions is often an afterthought,
while it could mean everything in terms of performance and
reliability. Taking a typical PolyStrata power module as an
example, we incorporate the combining interconnects, and even
filters, in a microfabricated all-metal 3D backplane. A low-loss
architecture is provided via air-dielectric transmission lines. We
are advancing our solutions toolbox further under a DARPA-
funded program called ICECOOL. The goal of that program is
to address thermal management for high-power MMIC die.
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“Airborne

millimeter-

wave SATCOM
is driving
miniaturization.”

JD: How do these technologies address yield and reliability?
NH: Let’s compare a traditional machined diplexer to a mi-
crofabricated component. With the machined part, you get
something bulky (a traditional E-band diplexer is 100 times
larger than Nuvotronics version) that is handcrafted, assembled,
and tuned. With a wafer-level fabrication technology, what you
design is what you get. For higher-level integrated products,
microfabrication techniques can still hit commercial-level yields
on initial prototype builds without tuning or tweaking. The key
parts of the product are simply made at the wafer level. Asa
result, thousands of parts can be cranked out at one time with
micron-level precision and repeatability.

Reliability concerns in new technologies are dealt with the
same way they have been in the past—with rigorous qualifica-
tion testing. We work closely with our customers to develop
qualification plans for their particular applications, with space
applications being the most stringent. Unlike traditional micro-
electromechanical systems (MEMS), our structures are primarily
made of metal that is often millimeters thick. So, they are quite
robust, substrate-free structures. The structures we create are
under our control not only electromagnetically, but also me-
chanically, starting early in the design phase.>¢

With any new technologies, there is going to be an initial
chasm to cross. That hurdle is no different for miniaturized RF
networks. However, the demand piling up in millimeter-wave,
mobile, and unmanned systems drives even the most reticent of
industries to embrace innovation and work with small compa-
nies like Nuvotronics. We are excited to be a part of the solution
for this increasingly wireless world.
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OMNIYIG

CELEBRATING 41 YEARS IN BUSINESS

INC.

Omniyig's advanced products are designed into some of the world’s most

sophisticated systems, including commercial, EW, and ECM programs such as
the ALQ-99, ALQ-117, ALR-172, ALR-56C, ALR-62, ALR-64, ALR-67, ALR-69,
APR-39, WLR-8, Rapport lll and we are on board the F-15, F-16, F-18, EAGB,

EF111, B-1, B2 Stealth, L-130, F-35 and more.
N FUNDAMENTAL YIG-TUNED OSCILLATOR

b Frequency Range 2.0to0 18.5 GHz

| Min. RF Power Output 10 dBm |

RF Power Output Variation +3 |
Max. 2nd Harmonic (typ) >10dBc |
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0-10 Volt Analog or 12 Bit Digital Driver Available!

YIG OSCILLATORS HARMONIC > -45dBc
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YOM3979DD 8-18GHz >45dBc > 13dBm
Operating Temperature -54C to +85C
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* YIG FILTERS 1 nology and new microwave products in thousands of designs
« YIG OSCILLATORS | developed and built for Customers Worldwide. MIL-E-5400 Class I,
+ YIG MULTIPLIERS . MIL-STD-883, in frequencies 0.5 GHz to 40.0 GHz, both Octave & Multi-Octave.
* LIMITERS Sl - W

« DETECTORS sk Around - Omniyig Delivers. TAY4T.-1 &) :
+ COMB GENERATORS OMNIYIG €a 5,55'
* FRONT END TUNERS

* SUB SYSTEMS [t] 408.988.0843 - [f] 408.727.1373
’ it T Omniyig@ix.netcom.com « http://www.Omniyig.com
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R&D Roundup

L- AND KA-BAND ANTENNAS

SHARE THE SAME PATCH

% Y PLAYING TO the strengths
., of both the L- and Ka-bands, a

" shared-aperture communications
antenna could operate at a high data rate
in good weather without completely los-
ing its connection in inclement weather.
In collaboration with Cobham Satcom,
researchers from the Technical Univer-
sity of Denmark—Thomas Smith, Ulrich
Gothelf, Oleksiy Kim, and Olav Brein-
bjerg—have developed a shared aperture
antenna array. It leverages a cost-effective
printed-circuit-board (PCB) substrate
for multiband antenna operation. Us-
ing a frequency-selective surface as the
groundplane of the Ka-band reflectarray
structure enables a compact structure.
The L-band patch antenna array sits di-
rectly behind the reflectarray.

A concentric, dual split-loop element
is designed for the Ka-band reflectarray
with a concentric, dual-loop ground-
plane of equal trace width (0.2 mm).
Adjustment of the split-loop elements

changes the reflection phase. It also can
be used to adjust the center frequencies
over a nearly 10-GHz range.

The Ka-band reflectarray was validat-
ed in the DTU-ESA Spherical Near-Field
Antenna Test facility. It performed with
receive and transmit aperture illumina-
tion efficiencies of 56% and 41%, respec-
tively. A commercial L-band patch-array
antenna was used to demonstrate the
Ka-band translucence of the Ka-band re-
flectarray. It displayed only minor degra-
dation of the L-band patch array’s perfor-
mance. The measurements for that patch
array were conducted from 1500 to 1700
MHz with a varying directivity of £0.15
dB and maximum cross polarization
below +2.5 dB.

See “An FSS-Backed 20/30 GHz
Circularly Polarized Reflectarray for a
Shared Aperture L- and Ka-Band Satel-
lite Communication Antenna,” IEEE
Transactions on Antennas and Propaga-
tion, Feb. 2014, p.661.

GAN MMICS FOR SMALL CELLS
GET A DOHERTY POWER BOOST

SING A 0.25-uM gallium-nitride-
Uon-silicon—carbide (GaN-on-SiC)
process, a monolithic-microwave-
integrated-circuit (MMIC) power am-
plifier (PA) promises to meet the power,
size, and cost considerations of small-cell
applications. With support from the IT
R&D Program of MSIP/KEIT, Republic
of Korea, Cheol Ho Kim, Seunghoon Jee,
Gweon-Do Jo, Kwangchun Lee, and Bum-
man Kim designed and tested the 2.14-
GHz hybrid-Doherty PA. To achieve low
part count and reasonable efficiencies in
a compact package, the team used an un-
conventional power-splitting technique.
For the nonsymmetrical configura-
tion, different-sized PAs were used. The
peak amplifier was sized larger than the
carrier amplifier for greater backoft char-
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acteristics, resulting in a higher peak-to-
average power ratio (PAPR). This helped
the PA achieve a higher data rate capable
of supporting 4G and LTE requirements.
To further reduce size, low-loss chip in-
ductors were placed around the MMIC
die. They reduced the inductor circuit
footprint by a factor of 10.

Exhibiting a high drain efficiency of
52.7%, the PA provided output power
to +22.2 dBm. It achieves an adjacent
power leakage rate of —49.6 dBc for an
LTE signal. The peak-to-average power
ratio (PAPR) reached 7.1 dB after the
digital-predistortion linearization. See “A
2.14-GHz GaN MMIC Doherty Power
Amplifier for Small-Cell Base Stations,”
IEEE Microwave and Wireless Compo-
nents Letters, April 2014, p. 263.

RF SENSORS

BIODEGRADE
UNDER PRESSURE

WHEN TEMPORARY WIRELESS sensors
are used for medical applications,
multiple surgeries are needed to in-
stall and remove the sensor. If a wholly
biodegradable sensor were used, the
removal surgery would become un-
necessary. To save patients a costly
and potentially painful second surgery,
Mengdi Luo, Adam Martinez, Chao
Song, Florian Herrault, and Mark Allen
from the Georgia Institute of Technol-
ogy explored materials to create an RF
biodegradable pressure sensor.

SPolyactic acid (PLLA) and poly-
mer liquid crystal (PLC) biodegradable
plastics were used to construct the
films that operate as the sensor sub-
strate. The conductor materials for the
inductor coils and capacitor plates for
the sensor were formed from zinc and
iron. The coils and plates were electro-
deposited on the film using a standard
plating bath. The metallic structures
and insulating layers were deposited
on a flat film that is folded to produce
the multi-layer pressure sensor.

Several tests were performed to
characterize the biodegradability of
the components and the structure. A
0.9% saline solution was used to im-
merse the metallic pressure-sensor
components in a heated mechanical
vibration chamber. After a 300-hr. test,
the iron oxides were the only remaining
material that was not dissolved in the
solution. In resonant-frequency testing
in saline and air, a similar decline in
resonant frequency to increased ap-
plied pressure is observed. There is a
marked shift in resonant frequency be-
tween the air and saline environments.
See “A Microfabricated Wireless RF
Pressure Sensor Made Completely
of Biodegradable Materials,” Journal
of Microelectromechanical Systems,
Feb. 2014, p. 4.
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PAUL WHYTOCK | European Editor

Collaboration To Develop Low-Power
IP For WiGig And 4G Backhaul Apps

NEW PARTNERSHIP agree-

ment between UK-based Blu

Wireless Technology and Cadence
Design Systems, San Jose, Calif., aims to
advance and promote a
set of design IP software
for designers to develop
low-power solutions for
emerging 60-GHz WiGig
and Fourth-Generation
(4G) cellular backhaul
market sectors.

Blu Wireless main-
tains that the 60-GHz
market is being driven
by consumer demand for
high-definition video via
smartphones, laptops,
and tablets. The IEEE
802.11ad Wi-Fi standard, which uses
the 60-GHz band for backhaul links, is
capable of delivering more than 20 times
the speed of existing WiFi services. This
enables almost instantaneous sharing of
large HD video files and also supports
low-latency wireless streaming of vid-
eo and gaming content to large high-
definition televisions.

Analysts think that globally this mar-
ket could have an annual value of $5
billion (USD) by 2018. In addition to
this application, 4G base station opera-
tors are also using the 60-GHz band for
high-speed unlicensed wireless links be-
tween small cells that can be mounted on
street furniture. The demand for these
small cells is also being driven by the fast
download requirements of mobile video
and is forecast to be worth over $3 billion

HENRY NURSER, CEO OF BLU WIRELESS

contribute its analog/mixed-signal IP
expertise while Blu Wireless will share
its experience with 60-GHz band design.

“As our customers turn to 28 nm
and beyond for designs
for the 60-GHz commu-
nications market, it is
important for them to be
confident that they can
rely on robust mixed-
signal and interface IP
from Cadence that has
been matched to our
HYDRA baseband ar-
chitecture (see “Behind
- Hydra Technology”). By
working with Cadence,
we will be able to pro-
vide a complete system
IP solution addressing our customers’
time-to-market, cost, and power de-
mands,” explains Henry Nurser, CEO
of Blu Wireless.

PAUL WHYTOCK

MILLIMETER-WAVE SOLUTIONS

Blu Wireless also has a collaboration
agreement with wireless research com-
pany InterDigital Technology. It has suc-
cessfully concluded the first phase of its
work, which involved the investigation
of millimeter-wave solutions for small-
cell base stations and access points. A
demonstration platform resulting from
this work is expected to enable opera-
tors to evaluate this technology in order
to cost-effectively increase 4G and Fifth-
Generation (5G) cellular backhaul. The
platform will also be suited to research
and development exploration for 5G
millimeter-wave mobile-access services.
It will combine InterDigital’s multi-hop
backhaul technology with Blu Wireless’s
HYDRA baseband evaluation platform,
which was developed for IEEE 802.11ad
WiFi systems and has been further
optimized to speed throughput in back-
haul applications.

BEHIND HYDRA TECHNOLOGY

HYDRA BASEBAND TECHNOLOGY uses a heterogeneous multiprocessing archi-
tecture, mixing fixed-function digital-signal-processing (DSP) blocks with highly
optimized parallel vector DSPs. This mixture provides a pool of DSP processors

and fixed-function blocks that are arranged in clusters that optimize data flow. Each
cluster has a heterogeneous controller that automatically and optimally utilizes these
units, switching units off between executing tasks to preserve power.
The high-level software that maps onto the heterogeneous controller uses a
. threaded data-flow model. Software threads that define the wireless DSP pipeline

are dispatched in order as a “virtual pipeline” in a series of interlocking threaded sub-
tasks. The controller automates the threaded data flow through the heterogeneous
DSP resources. These subtasks are executed on each DSP unit driven by data-flow
completions that move data concurrently between them. Any arbitrary combination

(USD) annually by 2018.
As part of the working agreement
between the two companies, CDNS will

of dispatched virtual pipelines can be dispatched, and the real-time data flow defines
the execution, timing, and order.

38 JUNE 2014 MICROWAVES & RF



 middle name.

vector signal analyzer

E)e | E)o (@pe @) G|
Agilent Agitent Agilent \gilent
V92 14A M9I308A MgassA »’ﬂ?}mm

Introducing the world's fastest, 27 GHz high performance

PXle vector signal analyzer (VSA), the realization of Agilent's
microwave measurement expertise in PX|. The M9393A integrates
core signal analysis capabilities and proven measurement software Analysis Bandwidth Up to 160 MHz
with modular hardware speed and accuracy. So you can tailor your
system to fit specific needs today and tomorrow. Deploy the
M9393A and acquire the performance edge in PXI. Amplitude Accuracy  £0.15dB

Frequency Range 9 kHz to 27 GHz

Frequency Tuning 150 ps

hear directly from
M9393A design
engineers.

bk s g u.s.1-800-829-4444 canada 1-877-894-4414




Special Report

1. GaN-based RF/microwave inte-

grated electronics are revolution-

JEAN-JACQUES DELISLE | Technical Engineering Editor

GaN AESAs

Enable New
Jammer

izing the maximum frequency and
power expectations of devices for
military and commercial applica-

tions. (Courtesy of Raytheon)

o0 match and even exceed the electronic-warfare
(EW) capability of modern systems, the U.S. Navy
has commissioned a $279.4-million contract to
enhance the jamming features of the EA-18G
airframe. This decision came after a realization that
the stealth capability of warfighters is dramatically reduced
when confronted with the latest in radar technologies. Active
jamming and other advanced EW techniques are necessary to
maintain air superiority in the modern battlespace.

The contract called for jamming technology that brings next-
generation jamming assets to the U.S. Navy—hence the name,
the next-generation jammer or NGJ. Raytheon, which was
awarded the contract, will implement a highly efficient AESA-
based (actively electronically steered array) jamming system
with powerful and wideband gallium-nitride (GaN) technology.

The EA-18G is a variant of the F/A-18F Super Hornet Block
1T made by Boeing. The U.S. Navy commissioned it to replace
the EA-6B Prowler aircraft. The goal of the upgrade is to pres-
ent a platform for airborne electronic attacks (AEAs) that could
adapt to the latest in EW requirements, which include suppres-
sion of enemy air defenses, stand-off/escort jamming, non-
traditional electronic attack, self-protect/time-critical strike
support, and continuous capability enhancement.

Such features rely on the ability to locate, record, replay, and
jam hostile communications while tracking across an extremely
broad frequency range. Maintaining the ability to communi-
cate with allied forces while operating jamming electronics is
another critical requirement.

“Stand-off jamming” implies another layer of defense sepa-
rate from a self-protect system, which is only capable of individ-
ual defense or stand-in systems that only defend aircraft within
a limited escort range. The stand-off system would be able to
mask an entire fleet of airships from an extremely long range.
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The U.S. Navy is stepping up its electronic-warfare capability
by contracting Raytheon to build the latest in stand-off jamming
systems for its aircratft.

The NGJ is being designed to break the acquisition cycle
of radar installations in the search or early-warning phase of
detection. S-band radar installations are the threat most often
considered, as they are used in most surface-to-air (SAM) mis-
sile systems and other anti-access/area denial (A2/AD) systems.
“As that would be your queen on the board, you would want to
protect those high-value assets. If you remove the Growlers, you
remove the cover and everyone is exposed,” says Andy Lowery,
the NGJ chief engineer for Raytheon

WHY THE UPGRADE?

To provide these features, the current AN/ALQ-99 Tactical
Jamming System (TJS) required replacement. The ALQ-99 is
a ram-air, turbine-powered mid-band jamming array that uses
mechanically steered technology. It comprises mostly analog
technology and delivers turbine power to roughly 27 kW. The
power conversion and RF-transmission electronics in the ALQ-
99 were designed with older technology. As a result, it cannot
use the turbine-generated power in a highly efficient manner.
This limits both range and target suppression abilities.

To cover the ultra-high-frequency (UHF) to X-band range,
the appropriate mechanically steered arrays require time-con-
suming installation. This missionization structure only allows
a Growler to offer EW capability for a single narrow-frequency
range. The NGJ program is designed to reinvent the methods
used for jamming technology to eliminate these drawbacks.

“This particular program is completely on the other end of
the spectrum. It taps into state-of-the-art technologies from tip
to tail. It has a very advanced set of technologies and leverages
brand new designs and developments,” notes Lowry.

Several global factors are contributing to the drive to improve
the jamming systems of modern warfighters. For instance,
the power and sensitivity of potentially hostile radar systems

JUNE 2014 MICROWAVES & RF



LOWPASS BANDPASS

CERAMIC FILTER:!

HIGH PASS

h Passbands Covering DC to 18 GHz  fom ea. qty.3000

Over 200 models as small as 0.06 x 0.03"! These tiny, hermetically
sealed filters utilize our advanced Low Temperature Co-fired Ceramic
(LTCC) technology to offer superior thermal stability, high reliability, and very
low cost. Supporting a wide range of applications with high stop band
rejection and low pass band insertion loss in tiny packages, they’re a perfect
fit for your system requirements. Visit minicircuits.com for comprehensive
data sheets, PCB layouts, free high-accuracy simulation models, and
everything you need to choose the model for your needs. Order direct
from our web store, and have them in your hands as soon as tomorrow!

Now available in small-quantity reels at no extra charge:
Standard counts of 20, 50, 100, 200, 500, 1000 or 3000.
Save time, money, and inventory space!

Wild Card Filter Kits, KWC-LHR ont*98

* Choose any 8 LFCN or HFCN models
+ Receive 5 of each model

{?{]4_? » A total of 40 filters for a great value

* Order your KWC-LHP Filter Kit TODAY!

(_') RoHS compliant U.S. Patents 7,760,485 and 6,943,646

Free, High-Accuracy Simulation Modelithics®
Models for ADS

ww.modelithics.com/mvp/Mini-Circuits.as|

[ JMini-Circuits’

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



@D AESA upgrades
€) Advanced cockpit

&) Conformal fuel tanks

€} Next generation jammer
6 Advanced tactical data link
o ALQ-218 upgrades

o Anti-radiation missile

2. Many design configurations are possible with the modular mounting
systems on the EA-18G platform. Additional space also is available,
thanks to the move toward conformal fuel tanks on the dorsal side of
the platform. (Courtesy of Raytheon)

is allowing for much longer range as a byproduct of their
increased signal-to-noise ratio (SNR). Today, more countries
are producing large numbers of radar installations in dense con-
figurations. The technological sophistication of these radar sys-
tems mitigates traditional stealth technology, due to improved
signal-processing techniques and jamming avoidance.

To counter these enhancements, the NGJ upgrades the jam-
ming capability of the EA-18G with GaN power/thermal-man-
agement systems. It uses the electronic scan nature of the AESAs
to contend with numerous radar systems. At the same time, it
increases back-end system capability with highly sophisticated
computer control along with rapid reprogrammability.

THE COMPONENTS

Physically, the NGJ is composed of two pods attached to the
port and starboard modular attachments of the Growler. Each
pod houses four AESAs with a full-bandwidth pair of arrays in
both the front and back of each pod. One array in each pair cov-
ers the higher range. The other array covers the lower end of the
threat-band frequency range. This structure eliminates the need
for missionization and costly reconfiguration.

The internal comput-
er contains processors, 3. The goal of the NGJ program is to
equip the EA-18G airframe with full
360-deg. EW wideband capability that
can be adapted to best handle situa-

technique generators,
and a scope of receiver
capabilities. A major

advancement of the tions that arise. (Courtesy of Raytheon)
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Jamming Systems

NGJ is that each of the AESAs can receive and transmit through
the whole range of its frequency operation. Additionally, the
arbitrary NGJ signal generation offers a wide range of signals
that can be transmitted through the apertures and arrays.

Polarization is another control method that the signal gen-
erators can perform. It enables the NGJ to perform smart jam-
ming functions. In those scenarios, the NG]J can receive signals
from a specified threat and respond to information gathered
from those signals with counter-jamming action. Such actions
do not rely on control from the EA-18G techniques generator or
electronic support measures (ESMs).

The array modules include electronics that use GaN high-
power amplifiers (HPAs). Those amplifiers drive the power
signals through the circulators and apertures to the array ele-
ments. The AESAs can therefore form high-energy RF beams
with advanced signal capability that can be steered by a highly
advanced and rapidly reprogrammable computer.

“Due to the nature of it being an AESA, you can form many
beams or a super beam with a lot of energy. It is agile, so you can

dart from one system to another system on the ground almost
instantaneously,” says Lowry.

Number of radars

|AESA|

Fire control ]

[ Acquisition/GCl._ |

l Early warning

TR - | - BT

VHF

Threat frequency spectrum



The computers driving the NGJ system also communicate
with the Growler’s common electronics unit (CEU), which has
the enhanced ability to link with military-communications
networks. In essence, this makes the NGJ system an extremely
mobile, high-power, wideband, networked, and steerable long-
range software-defined radio (SDR). There are many potential
applications for the NGJ system, although currently the NGJ is

defense applications, which may have been a key factor in Ray-
theon winning the NGJ contract. Of course, the benefits of GaN
technology don’t come without critical design considerations.
Working with extremely high-frequency and high-power com-
ponents in a very dense space requires the dissipating of heat
that is produced by its operation, preventing poor efficiencies
and device failure.

geared specifically for jamming.

In addition, each pod is a fully self-
sustaining system capable of generating
its own highly efficient power, cooling,
and transmission. The pods require no
ship—generated power or resources other
than instructions. An edge in efficiency
is acquired by using a submerged ram-
air turbine technique that enables air
power to be extracted. The articulating
cores can be completely enclosed dur-
ing flight, which creates an extremely
streamlined pod design for lower drag.

“When they are ready for a jamming
mission, it can deploy taking in air and
produce an excess of three times more
power from the airstream than the ALQ-
99, Lowry says.

Once this air-based mechanical ener-
gy is converted to AC electrical energy,
it is converted into high-voltage DC.
Another conversion produces low-volt-
age DC power primarily for the GaN-
based electronics driving the four arrays
and the intelligent subsystems.

WORKING WITH GAN
Raytheon has been developing GaN
technology for 15 years. In addition
to delivering higher frequency, band-
width, and power from RF devices
that are defense-ready, GaN technol-
ogy offers a much smaller footprint,
larger wafer sizes, increased yields, and
higher efficiencies. Currently, Raythe-
on is manufacturing its GaN circuits
in its foundry in Andover, Mass. The
Pentagon awarded this foundry with a
manufacturing readiness level (MRL) of
eight, which is the highest rating for any
organization in the defense industry for
that technology sector.

All of GaN technology’s strengths
make it a very attractive solution for
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Jamming Systems

“If you can't spread the heat, the device will burn itself out.
Or you will at least have to back off the power and not use the
device to its full potential,” says Lowry.

The cooling system used in the NGJ is based on a single-
phase system similar to a car-radiator fluid system. But it
boasts far greater sophistication and more modern design.
This type of thermal-management system was chosen for its
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robust nature. It can operate reliably across a wide range of
environmental conditions.

Additionally, the design lends itself to very high heat dissipa-
tion for its size. Stock cold plates with advanced adhesives are
used to sink the thermal energy from the AESA. The thermal
energy is further spread throughout a larger heat-dissipation
system using an ethylene-glycol and water-mixture-based liquid.

The amount of heat flux generated
by the latest GaN devices in such a
small area could exceed the heat flux of
a nuclear explosion, making the heat-
dissipating technology critically impor-
tant. This is a more exaggerated problem
with GaN devices compared to gallium-
arsenide (GaAs) devices, due to GaN
technology having power density and
bandwidth capacity that is many times
greater than GaAs. Research and devel-
opment is still being invested in discov-
ering the best performing adhesives and
thermal spreaders.

The goal of the thermal-management
system is to provide a secure fixture
under extreme G-forces and excellent
grounding while spreading the heat
from the pinpoint generation zones of
the GaN devices. Diamond thermal
spreaders are of particular interest, as
they have extremely high thermal con-
ductivity. Using diamond as a semicon-
ductor substrate for a GaN-on-diamond
insulator process could solve many of
the thermal stress issues that arise with
GaN technology.

TESTING THE SYSTEM
Such a sophisticated and configurable
system, which will be deployed in an
extreme environment, also faces a chal-
lenge in testing prior to production.
Many of the subsystems can be tested
in an isolated environment. When the
subsystems are compiled into a larger
structure, however, the nature of the sys-
tem makes it a daunting testing scenario.
“When you start to multiply all of the
states that a single beam can have across
all of those dimensions, you end up get-
ting a huge amount of data points. Each
state would have to be calibrated and
configured when making the AESA.
says Lowry. il
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RF Essentials
JEAN-JACQUES DELSLE | Technical Engineering Editor

Spectrum Analyzers:
Real Time to Real Accuracy

When frequency spectrum and modulation information on unknown signals is needed,
spectrum and signal analyzers are there to hunt down even spurious elements.

Tuhiewaty FSA91E4A R i Spentines Arshivs

SPECTRUM AND SIGNAL analy-
sis provide the test and mea-
surement foundations for RF/
microwave applications ranging
from simple component test to
advanced pulsed-radar techniques
(Fig. 1). Spectrum analysis began

converters) of a swept-tuned ana-
lyzer perform a cleaner acquisi-
tion,” says Eric Brown, signal ana-
lyzer strategic planner for Agilent
Technologies (www.agilent.com).
The problem is that signals
that vary faster than the sweep

in the mid-1900s with moderately
performing frequency-selective
voltmeters. Now, modern analyz-
ers can measure the amplitude,
phase, modulation, and even time-
domain information in everything
from racks inside specialized test
labs to handhelds in external harsh environments.

There are many deployment formats as well as types of
spectrum-analysis techniques (Fig. 2). The three basic types
of spectrum analyzers that can measure radiated spectral
information include the swept-tuned spectrum analyzer (SA),
vector signal analyzer (VSA)—or fast Fourier transform (FFT)
analyzer—and real-time spectrum analyzer (RTSA). The tech-
niques and methods used by each type of analyzer vary, as do
their capabilities.

The original spectrum analyzers used a swept-tuned super-
heterodyne architecture that measured signal power versus
frequency, and that same method is used today. This capability
is enabled by the downconversion of a received signal using a
highly linear and low-noise mixer.

The received signal is picked up by sweeping a very nar-
rowband resolution filter along the analyzer’s frequency-sweep
range. Next, an RF/microwave power detector is used to cap-
ture the amplitude at each sequential frequency stage in which
the filter is swept. The amplitude data points are then stored in
memory for collection and analysis. Each amplitude data point
is mapped to the displayed frequency range on the analyzer’s
visual interface.

Today’s swept-tuned SAs are very capable of providing high-
dynamic-range measurements with good phase noise and low-
distortion products. “The lower-speed ADCs (analog-to-digital
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1. Modern spectrum analyzers are built with high-resolution col-
ored displays. Some can display time-based signal information in

a spectral plot using color differentiation. (Courtesy of Tektronix)

could be inaccurately represent-
ed or completely missed in the
acquisition. With swept-tuned
SAs, there also is no reliable
way to discover if the signals are
being misrepresented or lost.
Commercial and tactical applica-
tions often use impulse and rapid changing signals with digital
modulation for communications and radar. More detailed
information on the quality of those transmissions may be
desired, which has led to the development of vector spectral
measurements or signal analysis.

Vector signal analyzers solve some of the limitations of the
swept-tuned SA by simultaneously capturing a much wider
frequency window for analysis. A VSA will digitize the total RF
power present within the intermediate-frequency (IF) band-
width of the instrument’s passband. This digitized information is
then stored in memory, where it can be downconverted, filtered,
and processed after being mapped to the frequency domain
using FFT algorithms. Whereas swept-tuned SAs only detect
amplitude, a VSA also captures the phase information of the fre-
quency. This allows for more advanced processing using digital-
signal-processing cores and advanced demodulation techniques.

Frequency-modulation (FM) deviation, code-domain power
(CDP), and error-vector magnitude (EVM) can all be described
with a VSA. Additionally, channel power, power over time, and
spectrograms can be derived from the basic magnitude and
phase data captured by a VSA. Some VSAs come equipped with
the infrastructure for two-channel measurements.

A potential drawback of the VSA capture process is the pro-
cessing and conversion time of the ADC during an acquisi-
tion. This technique leaves a “blind ‘spot” between acquisitions,
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Spectrum Analyzers

where highly transient effects may not be
acquired or identifiable after digitization.
To trigger on transient events effectively
with a VSA, prior knowledge of the events is
needed. Note that low-power signals in the
same acquisition window as higher-power
signals may not significantly impact a VSA
trigger, even if the event is predicted, due to
scaling effects. If a signal changes slightly in

frequency, but not amplitude, a trigger also
may neglect the signal.

One solution to these challenges is to use
a series of ADCs with overlapping IF band-
widths in a staggered capture approach. The
digitized signal information could then be processed live while
advanced triggering techniques could be used to achieve a posi-
tive effect. This is the basic concept behind an RTSA. In fact, this
approach grants the analyzer an additional key function: discov-
ery. “All of the ADCs are processed so fast that they overlap with
the previous acquisition. This ensures that no information will
be lost,” says Brown.

As the amplitude, phase, and modulation domain data is cap-
tured in real time, the multi-domain data also can be represented
in the time domain for time-aided analysis. Using this approach,
a densely used band with many streams of digitally modulated
data can be monitored for transient responses. At the same time,
the quality of the digital modulations can be analyzed. This
method enables amplitude and phase acquisition corrections to
be applied in real time, improving detection.

Real-time spectrum analyzers can ensure proper opera-
tion of frequency-hopping devices or the tuning structure of
a voltage-controlled oscillator (VCO). Both examples have
potentially random or glitch behavior that would be invis-
ible to a swept-tuned SA or VSA. Also, RTSAs can produce a
time-as-temperature plot that measures the occurrence rate of
dynamic signals and depicts them using a color code. In doing

3. A fast-hopping radio signal can be displayed on a real-time signal

analyzer in conventional spectrum-analyzer mode (upper) with a
maximum hold trace after several seconds as well as in real-time mode
(lower). (Courtesy of Rohde & Schwarz)
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2. To enhance the field capabilities of RF

test and measurement equipment, spec-
trum and signal-analyzer functions are
built into the latest portable and rugged
models. (Courtesy of Agilent Technologies)

so, it can differentiate frequent and infre-
quent transients (Fig. 3).

Real-time signal analysis can capture a
breadth of information about several sig-
nals. Yet the acquisition speed necessary to
perform real-time capture and processing
necessitates lower-resolution and higher-
speed ADCs. The maximum frequency
capture of an RTSA also is limited by the
bandwidth of its ADCs, which limits the
area of investigation. Although each tech-
nique has its drawbacks, certain applica-
tions could benefit from each.

Swept-tuned SAs boast the highest
dynamic range and optimal linearity. As a result, they excel at
integrated phase-noise measurements. These measurement
advantages enable a swept-tuned SA to measure with the least
distortion. Properly equipped VSAs, which can perform coher-
ent two-channel measurements, are similar to a network-ana-
lyzer two-port structure. These cross-spectrum measurements
between two channels enable precise phase measurement and
time correlation of pulses.

Along with catching transients, an RTSA can capture and
export real-time in-phase and quadrature (IQ) data. RTSAs also
excel at measuring the dynamic and transient performance of
devices, such as those that use frequency-hopping techniques
or highly modulated data in a potentially spurious environment.

MAKING A CHOICE

Obviously, cost and complexity may be a concern for some SA
users as they choose between the different SA options. “To start,
you need to understand what type of signals you are looking for.
Other factors include the skill set of the user, how many turnkey
features the user will need to be efficient, and what environment
the instrument will play in,” Brown recommends.

Increased integration and advances in digital conversion have
enabled more digital capability as well as more compact analyz-
ers. “Modern analyzers have moved the digitization further
into the block diagram, which has allowed for more software
features,” Brown notes. Some of these new software features
include user-interface improvements, which allow for triggering
on transients using two-dimensional (2D) sector triggers, multi-
domain correlated displays, and remote viewing and control.

The latest test and measurement equipment is highly software
upgradable. And if the need arises, optional software pack-
ages for more advanced features are often available. Additionally,
devices like multi-domain oscilloscopes, portable analyzers, and
network analyzers frequently have spectrum/signal-analysis
capability built into the machines. If not, it can be included as an
optional add-on. The latest SA instruments can even use each of
the various SA techniques, depending upon the measurement
being performed.
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JEAN-JACQUES DELISLE | Technical Engineering Editor

SDIRs Leap Ahead

Advancements in GPPs and FPGAs have merged with software-based development
platforms to enable the latest in communications technology.

IN TODAY'S RAPIDLY evolving and dynamic
wireless world, hardware that can adapt to a
myriad of different environments is becom-
ing more critical. From tactical communica-
tions to the common smartphone, highly con-
figurable hardware can remove the design/
development and end-user costs associated
with having to upgrade system hardware for
a simple feature change. Instead, a software
upgrade can be instantly transmitted through
the existing wireless infrastructure as soon as
an upgrade becomes available.

By developing their own software, users
also can implement a host of desired features without significant
knowledge of the underlying hardware. Such scenarios—which

Instruments)

would have been a dream only a few years ago—are now very
much a reality, thanks to software-defined radios (SDRs) and
Universal Software Radio Peripherals (USRPs; Fig. I).

To create a layer of digital abstraction, SDRs leverage the
power of modern general-purpose processors (GPPs) and clever
reprogrammable-logic systems, such as field-programmable
gate arrays (FPGAs). De-embedding the hardware from the
digital plane eliminates the need to physically adjust RF/micro-
wave components to enable behavioral feature changes, such as
implementing the latest LTE standards. When an SDR operates
as a USRP with virtual hardware instrumentation, it can extract
and analyze information within complex RF signals.

Accurate analog-to-digital converters (ADCs), which are
placed on either generic or application-specific peripherals,
map RF signals to a lower frequency. The ADCs can digitize
those signals using downconversion.
These signals are then converted into
digital recreations of the waveforms.
Processing is done using digital-
signal-processing (DSP) techniques
that are often implemented with the
DSP cores of a FPGA.

Clearly, such flexible radio archi-
tectures could enable the same hard-
ware to be used to implement a wide
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1. Many modern SDRs have the ability
to link with other SDRs for test & mea-
surement and research & develop-

ment purposes. (Courtesy of National

2. Many tactical radios ystems are designed with SDR
backbones, which are capable of rapid software upgrades
and modularity. (Courtesy of Rohde & Schwarz)

range of telecommunications applications.
This task could be done on the fly, without
the designer needing significant RF/micro-
wave knowledge, and potentially using
community-generated code. As a result, this
approach easily translates into dramatically
lower development and upgrade costs.

Beyond telecommunications, SDR features
also offer a host of advantages. Among other
benefits, for example, tactical radios could
adjust their communication algorithms based
upon field conditions. Test and measure-
ment instruments can receive cost-effective,
software-licensed upgrades, which allows them to advance with
the latest techniques. For their part, consumer products gain the
ability to adapt to various wireless network situations for an opti-
mum user experience. The applications that can benefit from
SDR approaches are essentially infinite, given the ability to more
easily generate the software backbone.

According to James Kimery, director of marketing for Nation-
al Instruments, “Today, what’s driving a lot of momentum with
SDR technology is that the software elements are available.
Software is more plentiful and there is a community where code
is shared, which helps with rapid adoption.” Yet the hardware to
implement advanced SDR technology is still relatively expensive
for certain applications. As a result, SDRs are more often used in
applications in which the cost of the initial unit is offset by inex-
pensive upgradability and versatility. Two examples are tactical/
public-safety radios and cellular base stations.

As the range of SDR applications is vast, so is the rest of the
SDR landscape—especially con-
sidering form factors, capabilities,
software tools, and companies offer-
ing SDR solutions. Companies like
Rohde & Schwarz offer highly rug-
ged and flexible SDRs for mission-
critical systems (Fig. 2). For low-cost
rapid-prototyping structures, firms
like Analog Devices and Peregrine
make whole RF-transceiver systems-
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SDR Technology

on-a-chip (SoCs) that lend themselves to SDR implementation.

Even small hobbyist companies, such as Great Scott Gadgets
and Ettus Research, are rolling out affordable SDR prototyp-
ing units that previously would have been too expensive for
the hobbyist consumer. Meanwhile, companies like National
Instruments and Nutaq are producing high-performance SDR
modules and test/measurement equipment.

Driving this boom of SDR hardware and software develop-
ment is the increased accessibility to integrated, low-power, and
high-performance RF transceivers, Kimery says. “RF integrated
circuits (ICs) are continually being offered in wider frequency
ranges with smaller form factors. They consume less power and
have a rich set of abilities. The performance of FPGAs also can't
be underestimated”

Such DSP density enables the rapid calculation of complex
mathematics. Given the innate property of FPGA DSP systems
for parallelization, they also enable SDR configurations that use
multiple FPGAs in tandem. Other technologies, such as GPU
and multicore CPU combinations, may lend them-
selves to SDR processing in the future. As
FPGA SDR development is currently more
streamlined for high-bandwidth operation,
FPGAs may dominate the SDR markets for
the time being. However, future researchand _
developments could adapt GPU technol- »

ogy to take advantage of its parallel-pro- 3. There are many project—or hobbyist level—

cessing capabilities.

Of course, implementing DSP tech-
nologies using FPGAs invites a challenge:
Software must be developed that can use
these devices’ extensive capabilities. Ultimately, software perfor-
mance depends upon the environment in which the software is
designed. But its success also depends on the length of time that
it takes for the software to be developed. To increase the ease
and speed of software development for SDR applications, orga-
nizations like GNU Radio, Mathworks, and NI have developed
graphically based programming languages.

This style of programming could lead to a more intuitive
programming design, which enables a software system to more
closely resemble the hardware that it controls. Some examples of
these environments include GNURadio, Matlab/Simulink, and
Labview. With a well-developed hardware and software partner-
ship, SDR technology could be adapted to almost any telecom-
munications application.

Given the increased interest in smart automobile systems, for
instance, the Institute for Electrical and Electronics Engineers
(IEEE) has developed standards for wireless access in vehicular
environments (WAVE or IEEE 802.11p). One aim of automo-
bile manufacturers has been to eliminate the wired connectiv-
ity between the many sensors and subsystems within a vehicle.
Doing so has the ability to reduce costs and service time while
enabling new features and allowing user customization. SDR

(Courtesy of Hacker RF)
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SDRs being built with sophisticated perfor-
mance characteristics that can reach 6 GHz.

technology could benefit this market, as highly integrated SDR
devices could be used and flexibly configured throughout the
automobile environment.

An area that is drawing attention from the industry as well as
research and development groups is millimeter-wave technol-
ogy. Building traditional radio architectures that are suited for
millimeter-wave applications is generally costly, highly special-
ized, and prone to error. A millimeter-wave structure’s behavior
is highly influenced by its direct environment. As a result, it must
change its behavior according to environmental stimulus to pro-
vide adequate performance.

Meanwhile, millimeter-wave technology is advancing very
rapidly, as there is a lot of interest in using millimeter-wave
technology for the next 3GPP installment of Fifth-Generation
(5G) telecommunications. Yet these rapid developments and
unsolidified standards make investing in current hardware for
millimeter-wave applications a potential risk. A highly adapt-
able SDR with built-in flexibility to environmental
. changes may allow for higher-performing

millimeter-wave technologies. In addi-

tion, the use of USRP components may
reduce the hardware configuration risks.
Recent advances in SDR technology include
hardware offerings like GPPs integrated with an
FPGA in a single device, a “cell-phone”-
grade complete RF front-end module, and
advances in software support for SDRs.
The Xilinx Zynq-7000 series of pro-
grammable SoCs, for example, includes
the ARM Core Cortex processors, a
wealth of I/0, on-chip memory, and a programmable logic
center. In theory, strapping a Zynq device to an integrated RF
front-end module would create a standalone and capable SDR
with minimal hardware development and an already rich
software environment.

Meanwhile, Peregrine’s Global 1 RF front end is reported
to achieve gallium-arsenide (GaAs) -level performance using
silicon-on-insulator (Sol) CMOS technology. In doing so, it
could potentially replace the RF front end of a cell-phone with
LTE capability.

In summary, more capable DSP cores are being included
with advanced programmable-logic devices. This trend elevates
the importance of the software that can harness these pow-
erful devices. At the same time, the latest RF system-integra-
tion approaches are preparing to enable radio platforms with
virtually infinitely configurable hardware and a rapidly repro-
grammable structure. These advances could even allow for pre-
viously untapped markets for SDRs—namely, wireless Internet
and cellular—to see a revolution in flexibility. Considering the
push for 5G technologies and the proliferation of the Internet of
Things, SDR technology may pave the way to massive-element
wireless systems.
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Design A

Based on a commercial
pseudomorphic high-electron-

mobility-transistor (pHEMT)
a_ a I I semiconductor process, this amplifier
aids applications from 30 to 36 GHz.

High-Gain LNA

illimeter-wave frequencies offer great
capacity for a wide variety of short-
distance communications links—for
systems ranging from wireless local
area het ks ( VLANs) and collision-avoidance radars to
satellite-communications (satcom) systems and radiometry
systems. But to use these bands, low-noise amplifiers (LNAs)
are needed for receiver front ends, and these amplifiers must
provide suitable gain along with minimal noise.

Fortunately, a high-gain LNA was developed using a com-
mercial 0.15-um pseudomorphic high electron-mobility
transistor (P HEMT) process and a balanced topology for
increased instability with the high gain. The LNA achieves
more than 34-dB gain from 30 to 36 GHz, with gain flatness of
better than 0.8 dB and noise figure of less than 2.6 dB. And it
all comes in a chip measuring just 4.3 x 1.9 mm?.

Many high-frequency LNAs have been designed and based
on gallium-arsenide (GaAs) semiconductor technology for
its noteworthy high gain and low noise at millimeter-wave
frequencies.'® A balanced configuration offers numerous
benefits in performance at these frequencies, with a typical
balanced amplifier configuration consisting of two identical
unit amplifiers and two quadrature hybrid couplers (Fig. 1).
Input signals are split into quadrature signals by a coupler and
fed to the two unit amplifiers. A coupler at the output com-
bines the outputs of the two unit amplifiers. The simple but
robust architecture is designed for ease of installation in 50 Q.
high-frequency systems.

At the input of the balanced amplifier, reflected signals from
the two unit amplifiers are 180° out of phase and cancel each
other out. For the same reason, at the output of the balanced
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3-dB quadrature 3-dB quadrature
hybrid coupler hybrid coupler
Unit amplifier
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1. This circuit schematic diagram represents the balanced millimeter-
wave amplifier, which features two identical unit amplifiers and two
quadrature hybrid couplers.

amplifier, reflected signals will also be canceled, resulting in
good input and output return-loss behavior for the balanced
amplifier. The balanced amplifier also provides better stability
compared to a single-ended amplifier.” !

In a balanced amplifier, each unit amplifier is terminated
with a fixed load, which is close to 50 2. So the actual loads at
the input and output of the balanced amplifier only minimally
affect the loads of the two unit amplifiers. Instead, the single-
ended amplifier is affected by actual loads.

The amplifier may be unstable in some frequency
ranges, especially if the actual load is a filter. A filter behaves
as a 50-() load only in the passband. In the stopband, the
filter will behave as a purely reactive load to the amplifier.
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PHEMT Amplifier

Circuit 1

nput
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Circuit 1

Circuit 1

Cﬁcuit 1

2. This circuit topology shows the pHEMT MMIC LNA and its use of multiple pHEMT devices and Lange couplers at the input and output ports

to achieve high gain and low noise figure at Ka-band frequencies.

The purely reactive load can cause the single-ended ampli-
fier to become unstable. Furthermore, the failure of one unit
amplifier will only cause a gain drop of 6 dB instead of cata-
strophic failure for the balanced amplifier.

To demonstrate the use of this balanced amplifier design
approach, an LNA was designed based on a 0.15-um GaAs
PHEMT process. By employing more amplifier stages, the
LNA exhibits a higher gain than the previous balanced
LNAs."” The input and output return losses of the LNA are
improved by using two optimized Lange couplers at the RF
input and output ports, respectively, which also help main-
tain impedance matching across the frequency band of
interest (Ka band).

With application of a self-bias technique, the LNA can be
biased from a single power supply. The
LNA exhibits high gain of more than 34

bridge or slot viahole connections.

The process achieves devices with peak transconductance
(8m) of 550 ms/mm at a gate-drain voltage of ~0.1 VDC, a
gate-drain breakdown voltage of +9 VDC, and a threshold
voltage of ~0.45 VDC. The process delivers devices with tran-
sition frequency, f,, of 95 GHz, and maximum frequency of
oscillation, f,,, of 160 GHz.

Low input and output return loss can be achieved by means
of Lange couplers at the LNAs input and output ports. Each of
the LNA’ unit amplifiers incorporates five common-source
field-effect transistors (FETs), combining to form the bal-
anced monolithic Ka-band amplifier shown in Fig. 2. The
active devices are all 2 x 40 um. The input matching net-
works of the first two amplifier stages were designed for opti-

A B ® A PERFORMA
dB with gain flatness within 0.8 dB, and
a noise figure of less than 2.6 dB from 30 ource eference eference O
to 36 GHz. The LNA is stable at any fre- Topology two-stage balanced | three-sfage balanced five-stage balanced
quency within its operating range. Technology |  0.1-um GaAs MHEMT | 0.15-um GoAs MHEMT | 0.15-um GaAs pHEMT
Active devices for the LNA are grown
on 6-in. GaAs substrates using a commer- Frequency (GHz) 201040 27.31050.7 3010 36
cial 0.15-um pHEMT process. The pro- Gain (dB) 20 23 34
cess provides GalnAs/AlGaAs pHEMT Noise figure (dB) <25 3.7 (average)* <26
devices, using electron-beam lithogra- $11/525 (dB) ik <13 <-19.7
phy to define 0.15-um T-gates. The low- ,
Self-b no no es
noise pHEMTs consist of single-sided 2 |052 !
doped structures with a single recess. A9 (mmv) 43%20 s cdedls

Connections are made by means of air
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*The average equivalent noise temperature is 390.42 K.
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PHEMT Amplifier
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3. These plots show the simulated stability factor (K) for the whole LNA and the unit amplifier: (a) for the K factor and K/K,

and (b) the b factor.

mum noise match for low noise figure, while the remaining
amplifier stages were conjugate-matched for increased gain.
The output matching networks were conjugate-matched
for high gain.

Since the input and output return losses depend on the
Lange couplers, the two unit amplifiers were optimized for
gain, gain flatness, and noise figure. To bias the LNA from

a single power supply rail, a self-bias circuit, consisting of a
bypass capacitor (C,) and a resistor (R,), was used. For the
best noise figure, bias voltages were selected to ensure that the
amplifier operates in its low-noise region.

The drain-source voltage (V) and the gate-source voltage
(Vg) were selected at +2 VDC and -0.19 VDC, respectively,
with the aid of computer software simulations. The source
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current was selected at 12.7 mA, so that resistors (R;) were
chosen with value of 15 Q) to set a gate-source voltage (V)
of —0.19 VDC.

Lange couplers, which readily provide broadband, 90-deg.
phase splits of input signals, are detailed in design and opera-
tion in refs. 12 and 13. The Lange coupler for the current
amplifier was designed with four fingers for use from 29
to 37 GHz, exceeding the frequency range (30 to 36 GHz)
actually required by the LNA.

4. This microphotograph
reveals the amplifier fabri-

cated with the commercial

pHEMT process.

£ Lo The coupler was comput-
er-simulated with the aid of
a commercial, three-dimen-
sional (3D) electromagnetic
(EM) simulation program.
The simulated results of
the Lange coupler indicate
insertion loss of better than
3.52 dB, with amplitude bal-
ance of less than 0.48 dB and
phase balance of less than 0.53 deg. from the reference 90-deg.
phase difference.

For a pHEMT device, the load reflection coefficient, I'oy,
is generally much different than S;;", the conjugate reflec-
tion coefficient of S;,. This implies that an amplifier that
is designed for minimum noise figure would also be mis-
matched for a maximum power-transfer condition.

However, by choosing an appropriate transistor size—and

using series inductive feedback circuits at the source electrode
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pHEMT Amplifier

of the pHEMT devices—it may be possible to achieve values
of I'gp and S;;" that are somewhat closer together, resulting
in better output-power performance while still achieving low
noise figure.

The source inductor is formed by inserting one transmis-
sion line, with length L, between the source electrode of the
PHEMT and the self-bias circuit (Fig. 2). The values of I'y
and Sy, are then calculated as a function of line length L, and
the gate width of the pHEMT device at 33 GHz to find the
optimum values of L, and gate width for best noise figure and
output power. This analysis approach led to the selection of a
gate width of 2 x 40 pm and line length L of 80 um.

Gain flatness is an important specification in radar and
communication systems,'*!% and the gain flatness for this
LNA was targeted for performance within 0.8 dB. Gain flat-
ness is limited by different active device characteristics, such
as maximum available gain (MAG). Normally, MAG decreas-
es linearly as frequency increases.

As a result, highpass reactive matching circuits are adopted
for the input and output matching networks to compensate.
The matching networks provide an upward frequency slope to
compensate for the gain rolloff of the pHEMT devices, result-
ing in flat gain performance from 30 to 36 GHz.

LNA stability is another critical design consideration. By
using a balanced topology, the stability of the LNA is better
than the stability of the single-ended LNA. Due to the large
gain characteristics of pHEMT devices in the lower frequency
range, the LNA is more likely to have stability problems in this
frequency band. Therefore, a low-loss resonator-type circuit is
adopted to stabilize the LNA.

The stabilization circuit, consisting of a transmission line
and a resistor (R,), as shown in Fig. 2 (circuit 1), has a weak
resonance in the vicinity of 20 GHz. Resistor R, acts as a
dumping resistor at around 20 GHz to reduce the gain of the
LNA in this frequency band. At the same time, this circuit
does not degrade the LNA’s noise and gain performance levels
within its target operating frequency range.

The Rollet’s condition, as defined in Eqs. 1-3:1¢

K= [1-[S1]* =[x [* +[A1/2S128] > 1 (1)
b=1+18,,[*Sn[|AF >0 (2)
A=51152-51258,; (3)

is used to check the stability of the LNA. When these two con-
ditions are simultaneously satisfied, the LNA will be uncondi-
tionally stable. The simulated stability factor is shown in Fig. 3.
Parameters K, and b, are stability factors for the whole LNA,
while parameters K, and b, are stability factors for the unit
amplifier. Parameters K, and K, are maintained above 1, while
parameters b; and b, are maintained over 0 for the frequency

60
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g 2
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5. These plots show the simulated and measured noise figures and
associated gains for the LNA with drain-source voltage (V¢) and gate-
source voltage (V) of +2 VDC and -0.19 VDC, respectively.

range of 0 to 100 GHz, implying that the LNA will effec-
tively be stable at any frequency. Meanwhile, parameter K is
greater than K, in all frequency ranges, indicating the bet-
ter stability of the balanced amplifier compared to a single-
ended amplifier.

The designed five-stage balanced LNA was fabricated by a
commercial 0.15-um pHEMT semiconductor process, with a
microphotograph of the chip shown in Fig. 4. The LNA chip
measures 4.3 x 1.9 mm. Its noise figure and S-parameters
were measured at room temperature while the device was
still on wafer (using commercial wafer probes and associated
test equipment).

Figure 5 shows the simulated and measured noise figures
and associated gains for the LNA. The gain is greater than 34
dB with 0.8-dB gain flatness from 30 to 36 GHz. The noise fig-
ure is less than 2.6 dB for the same bandwidth. The simulated
and measured results are in close agreement.

Figure 6 shows the simulated and measured input and out-
put reflection coefficients, S;; and S,,. The input and output
return losses were found to be greater than 19.7 dB from
30 to 36 GHz, showing the effectiveness of the amplifier’s
input and output matching networks. As the table shows,
the LNA compares well with recently reported GaAs-based
balanced LNAs.1*

Its gain is greatly improved by the five-stage cascade
structure, while its chip area was not significantly increased
by its layout. It has a beneficial dual-Lange-coupler design
and makes effective use of self-biasing and a single power
supply, for ease of installation in a number of different
applications.
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6. These plots show the S and S,, performance of the LNA with Vg
and Vg, of +2 VDC and -0.19 VDC, respectively.
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Compact Antenna Snares

WiMAX/WLAN

ntennas will usually form the most vis-
ible parts of a communications system. For
wireless systems that are apparently ever-
resent—such as Worldwide Interoperability
ess (WiMAX) and wireless local area network
(WLAN) systems—antennas that can cover the required band-
widths in the smallest packages possible offer great appeal for
many system designers. An effective way to work with WiMAX
and WLAN systems while shrinking the antennas is to use the
same antenna for both systems, a dual-band antenna capable of
handling both bands in one compact antenna body.

The growing demand for WiMAX and WLAN capabilities
in mobile devices brings with it the need for antennas capable
of handling multiple communications standards. To this end,
multiband antennas have evolved into structures capable of
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This dual-band antenna with its compact
ground plane covers the 3.1 to 3.8 GHz
and 5.0 to 5.8 GHz bands in support

of both WiMAX and WLAN wireless

communications applications.

handling multiple frequency bands by means of a single anten-
na body, with significant reductions in both size and cost. A
number of interesting multiband antennas have already been
reported.! Another antenna designed for WLAN and WiMAX
uses a rectangular ring and an S-shaped strip on the top of the
substrate, along with a crooked U-shaped strip and three straight
strips located on the back layer of the design.?
Reference 3 addresses a printed broadband asymmetric
dual-loop antenna which consists of two asymmetric radiated
loops and asymmetric feeding structure suitable for WiMAX
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1. The configuration in (a) shows top view of the antenna structure and (b) shows bottom view of the antenna structure.
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WiMAX/WLAN Antenna
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2. These curves show the simulated VSWR performance for the three

antennas in the antenna design process.

and WLAN applications. A compact triband antenna was intro-
duced in ref. 4, with a metallic strip etched on the back side of
the substrate. In ref. 5, a partial ground and a Y-shaped radiating
patch consisting of two unequal monopole arms and a modified
circular monopole were combined to create a triband antenna.
In ref. 6, a multiband single-feed antenna with two arms was
designed for Global Positioning System (GPS), digital commu-
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4. The curves plot the simulated and measured S;4 behavior of the

proposed antenna.

nication system (DCS), and 2.4/5.8-GHz WLAN applications.
Ref. 7 reported of a dual-band antenna implemented with L- and
E-shaped radiating elements to generate two resonant modes.

The current report presents a novel
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dual-band structure for WiMAX and
WLAN use (Fig. I1). The same configu-
ration was adopted for both the top and
bottom substrate layers. The antenna
was printed on FR-4 circuit laminate in a
compact 20 x 20 x 1 mm? size. It operates
over the dual frequency bands of 3.1 to 3.8
GHz for WiMAX and 5.0 to 5.8 GHz for
WLAN systems.

To better understand this antenna,
its design can be explained in three
basic steps. In the first step, an inverted
L-shaped element, denoted L,, is used as
the feeding and radiating patch system. A
parasitic element with the same configu-
ration, marked as L, in Fig. 1, is located
on the back side of the substrate. In the
second step, four L-shaped elements des-
ignated as L3, L, Ls, and L, are embedded
in the antenna body both on the top and
back layers of the substrate. In the third
step, parasitic elements L; and Lg are also
included in the antenna structure beside
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WiMAX/WLAN Antenna

for which the S, curves were extracted
and depicted in Fig. 2. The antenna with
elements L; and L, operates at frequencies
from 3.5 to 4.0 GHz, which does not ful-
fill the requirements of WiMAX applica-
tions. By including elements L; and L, on
the top side and Ls and Lg on the back side
of the substrate, a resonance is excited at
3.5 GHz, which results in frequency cov-
erage of 3.2 to 4.0 GHz for WiMAX. By
embedding elements L; and Lg in the final
structure, another resonance is excited at
5.5 GHz, while the second operating band
at 5.2 to 5.9 GHz is created.

A prototype of the experimental anten-
na was fabricated and characterized to
analyze its performance under real oper-
ating conditions. Figure 3 shows the fab-
ricated antenna. The same configuration
was adopted on both sides of the antenna
structure. Figure 4 compares simulated
and measured S;; curves for the design,
and the measurements confirm that the
structure operates over the frequency
band of 3.1 to 3.8 GHz for WiMAX and 5
to 5.8 GHz for WLAN applications.

Figure 5 displays antenna peak gain for
the WIMAX and WLAN bands. Relative-
ly stable and acceptable peak gain suitable
for these communication systems was
obtained for the antenna in its two operat-
ing bands. To better understand the per-
formance of the dual-band antenna, the
E- and H-plane radiation patterns were
studied at 3.5 and 5.5 GHz. The omni-
directional radiation patterns obtained at
those two test frequencies indicate good
performance for the WiMAX and WLAN
frequency bands.

To assess the performance of this dual-
band antenna, it was compared with three
previous multiband antenna designs in
terms of total size, ground-plane size, and
operating frequency bands. The current
design is capable of WIMAX and WLAN
operation with somewhat smaller size and
ground plane than the other three dual-
band antennas. By suitable placement
of the L-shaped parasitic elements and
accurate tuning of their dimensions, good
performance was obtained.

The three earlier antenna designs in
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o
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O
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5. These curves show the antenna’s peak gain
over the WiMAX and WLAN frequency bands.

refs. 2, 4, and 5 have ground planes of
390.6, 514.8, and 495 mm?, respective-
ly, compared to a ground plane of only
38 mm? for the new dual-band antenna
design. This small ground-plane area
makes this new dual-band antenna an
attractive alternative for applications in
which WiMAX and WLAN frequency
coverage is required and antenna size
must be minimized.

The new antenna delivers good perfor-
mance in its bands of 3.1 to 3.8 GHz and
5.0 to 5.8 GHz for WiMAX and WLAN
systems, respectively, while requiring a
much smaller ground plane than compet-
itive antenna designs. It offers numerous
advantages that make it a quite reasonable
choice for communications systems in
need of dual-band coverage from a com-
pact antenna structure. {1
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DDS Model Tunes
Doppler Simulation

An accurate model for a third-order direct-digital synthesizer can be used for
computer simulations of satellite navigation receivers under different conditions.

esting satellite navigation receivers usually accumulator can be expressed as a simple relationship (Eq.
depends on signal simulation to evaluate 1), where the output of the DDS accumulator is represented
a satellite navigation receiver under high- asacc(n), with n as the clock number index, n, as the clock
dynamic-range conditions."? A third-order ~number when the accumulator resets, x as the initial value,
dir gital synthesizer (DDS) is
invaluable for such simulation and ky ko
testing, and the accumulation clock '
rate for each of the three DDS stages
can either be the same or different.
Numerous reports have been based on
the use of same-clock conditions for
these multiple-stage DDS sources,>*
with few studies of higher-order, hybrid-
clock DDS sources, structured with
multiple cascade accumulators with
different accumulation clock rates.® To
better understand these hybrid-clock, - clk, clkg
third-order DDS sources, a simulation 1. This diagram represents the hybrid-clock third-order DDS model.
model was developed and a model was

derived for its output phase behavior. 1.0 ‘ I
Hopefully, the straightforward model ; || ¥ Maximum pseudorange error
can be applied to better understand the ‘

k

application of DDS sources in phase- % oe !

sensitive applications, including for use g ’ |

in satellite navigation receivers. g 06 I
The performance and versatility g : |

of high-frequency DDS sources has 3 _

been well documented in recent years é"- 0df B

for a wide range of applications in 2 '

commercial, industrial, and military g

markeets. These are signal sources that
are capable of reasonably low phase

noise and overall excellent spectral ! i
purity, with oiutstanding switching 0 10 20 30 40 50
speed over fairly wide frequency w

tuning ranges. The function of a DDS 2. This plot shows maximum pseudoranging errors for different values of W.
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and k as the accumulation step.* When
the DDS accumulator is implemented
in a field-programmable gate array
(FPGA), the output always lags behind
the input by one clock cycle.

X
n=n,

X+ S:k(m) n>n, @

m=ng+1

acc(n) =

Figure 1 shows a third-order, hybrid-
clock DDS model with three cascaded
DDS accumulators (defined as DDS_A,
DDS_V, and DDS_R, respectively).
The first stage accumulator runs with a
different accumulation clock rate from
the other two accumulators.

Parameters kg through kj are the
initial accumulation parameters of
each accumulator stage; parameters
8 through 0, are the outputs of each
different accumulator stage; N is
the word length of parameter kg;
and c, through c; are the bits that
must be truncated when adding
the accumulator output to the initial
accumulator parameter. Parameters
clky and clk, are clock signals driving
the first and additional accumulator
stages, respectively, as represented
in Eq. 2:

cliey =Wxclk,  (2)

In Eq. 2, the clock frequency division
coefficient, W > 1, is an integer. In
the case of W = 1, the DDS model
degenerates into the same-clock model
presented in ref. 4.

Based on the model of Fig. I, the
output of each accumulator stage can
be derived when W is an unknown
parameter. The output of the last
stage DDS, DDS_R—supposing the
number of the accumulation clock is n,
Y = [n/W], where the square brackets
denote rounding the contained value to
an integer—results in Eq. 3:

See Eq. 3 on p. 74.

For a satellite navigation signal
simulator, a simulated signal Doppler is
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generated due to radial variable motion between the receiver
and satellite. The relationship of parameters in the model must

satisfy the conditions presented in Eq. 4.%:

where:

pny =1z
C

v a a
(R+—n+—n"+

Y 6f.3n3) @)

R = the initial pseudorange amount;

v = the initial velocity;

a = the accelerated velocity;

a = the amount of jerk;

fr = the transmit signal frequency; and

0.05

0.04

0.03

0.02

Maximum phase error—mrad

0.01 |

f. = the clock rate of DDS_R.
In order to obtain initial accumulation parameters k,

through kj), it can be presumed that the output phase of the
third-order DDS satisfies Eq. 5 at n =0, W, 2W...iW for i € Z+:

a,(iw)

paw) = T

&)

If Eq. 5 is the constraint condition, and Ny and ¢, through c;
are treated as known parameters, the values of k, through k; in
Eq. 3 can be obtained by means of Eq. 6:

See Eq. 6 on p. 74.

—#— 100 m/s?
~A— 500 m/s3
—E— 1000 m/s3

Number of jerks

3. These are simulation results for maximum phase errors with different amounts

of jerk applied.

350
300 100 m/s? theoretical
N ——— 100 m/s3 simulation
= 250 ||~ = — 500 m/ 53 theoretical
:-1|_= —— 500 m/s3 simulation
-g\ 200 1000 m/s3 theoretical
] —— 1000 m/s? simulation
=]
£ 150
8
g 100
A
50
0 ----——----—-----'
0 2 4 6 8 10

Number of jerks

4. These are simulation results of Doppler frequency shifts with different jerk rates applied.
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To prove that Eq. 6 satisfies Eq. 5 at any i €
Z+, mathematical induction can be applied.
The proven steps are easily derived.

Compared with the results of ref. 4,
the calculation results of the same-clock
condition is the case of W = 1 in Eq. 6, and
when W > 1, the hybrid-clock third-order
DDS will generate a larger pseudorange error
than a same-clock DDS. In case of f. = 100
MHz and W < 50, and ignoring word-length
quantization errors, the third-order DDS
output pseudorange errors under the high-
dynamic-range conditions represented by v
= 1000 m/s; a = 1000 m/s? and 4 = 1000 m/s’
will be simulated.

For a third-order DDS simulation run
time of 10 ms, Fig. 2 shows the maximum
pseudorange errors that will occur for
different values of the accumulator variable
W. According to this simulation, as the value
of parameter W increases, the maximum
pseudorange error caused by the hybrid clock
increases correspondingly. In the case of
values of W < 10, the maximum pseudorange
error is smaller than 107!% m.

As part of an analysis, Doppler simulation
errors for the hybrid-clock third-order
DDS can be mainly attributed to the
quantization error of the word length at
each stage. Therefore, the word length of
each accumulator stage must be designed
accordingly, to minimize quantization errors.
In Eq. 7, parameters AR, Av, Aa, and A&
represent the resolution of the pseudorange,
the velocity, the acceleration, and the jerk
amount, respectively. For the case of k; =
1, the corresponding parameter should be
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smaller than the resolution. The word length obtained from  With an initial velocity of 0, the acceleration is 0 m/s?, and the

Eq. 6 can be expressed in terms of Eq. 7:

N, = |1b——|,
JrAR
o =|lb Cft N,
frAv
;
P PR A IV v
’ frhaw | 0T
3
C3=[lb‘fzf+”/z -N,-¢, -¢,,
JrAda

The square brackets in Eq. 7 represent
rounding to an integer value. It should
be evident from Eq. 7 that the lower
bounds of word length parameters
for all three accumulators are Ny +
¢, Ng+ ¢+ Cypand Ny + ¢ + ¢ + ¢35,
respectively.

When W = 1, Eq. 7 reverts to
the results for a same-clock third-
order DDS. Considering the initial
accumulation parameter calculation
expressions, it is clear that the same-
clock third-order DDS simulation
model can be unified with the hybrid-
clock simulation model, and the word
length obtained when W > 1 is shorter
than the one when W = 1.

Using a 1561.098-MHz BeiDou2 Bl
carrier signal simulation as an example,®
the reductions in word length can be
analyzed while W > 1. For this example,
the sampling frequency is assumed to be
100 MHz, the clock frequency division
coefficient W canbe 1 or 10, AR =5 cm,
Av =1 mm/s, Aa = 10 mm/s? and Ad =
10 mm/s®. The values of Ny =2 and ¢; =
33 do not matter whether W = 1 or 10.
For ¢; =23 and ¢; = 26 when W =1 and
¢, =20 and ¢3 = 23 when W = 10, three
bits of resolution are reduced at each
DDS stage.

The model was used to simulate the
performance of a hybrid-clock third-
order DDS. Simulation parameters were
similar to those used previously, with W
=10, and with word-length parameters
of Ny =6, ¢c; =33, ¢, = 20, and ¢3 = 23.
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DDS Modeling

at every 10-ms simulation interval is always less than 0.02
mrad (Fig. 3).

During this simulation, the phase sequence of the DDS_R
within each simulation interval is obtained; a direct phase
modeling method was adopted to estimate the Doppler
frequency shift produced.” The simulation results are shown
in Fig. 4 and the corresponding Doppler frequency-shift

errors in Fig. 5. The simulation results are compared to the
theoretical values (the dashed lines) and how they line up for
different jerk rates, and with data sampling intervals in both
figures increased to 200 ms. The jerk rates in both cases are
presented as the number of jerks per second, from 0 to 10, with
the higher jerk rates resulting in more significant Doppler
frequency shifts. This span of jerk rates allows designers to

gauge expected performance for an

10

@

— 100 m/s3
——— 500 m/s3
——— 1000 m/s3

FPGA in a DDS application when
subjected to different conditions.

As Fig. 5 shows, even under
different jerk rates, the hybrid-clock
third-order DDS can maintain high

B~ o~
3 T
{
i

Doppler frequency shift error—mHz
N

—— Doppler simulation accuracy, and
|

the Doppler frequency shift error is
always less than 2 mHz. The table
compares resource and power
consumption results of the latter
two accumulators for cases of W = 1
and W = 10, detailing the differences
in static power consumption and
dynamic power consumption for
these two values of W.

Number of jerks

5. This plot shows simulation errors of Doppler frequency shifts with different jerk rates applied.

G,(n) = ky + iﬂl(j— 1)/2%
J=

= ko + W3 6,(j = 1)+ (n=YW)B,(¥)]/2°

UL kWY -Y) Wk, (Y’ =37 +2Y)

= ku Ny N
20[ 2x2q+c; 6x2c1+r2+C3
L =Yk L (=YW, . (n=YW)k,(Y* -Y)
2q 2q+c2 2x2q+c2+c3

=k, +

nk, | k,QYn-WY - YW) s kW (Y =3V 42¥) + ke 3(n - YW)(Y? - Y)

To compare the simulation
results to an actual unit, the FPGA
used for analysis in the table
was a model XC6SLX150 from
Xilinx (www.xilinx.com), and the
power consumption analysis was
produced with the aid of an XPower
Analyzer from Xilinx. For W = 10,
the accumulation clock rate of the
last two DDS accumulator stages
is reduced to 1/W of the same-
clock condition, which results in
a dynamic power consumption

€)

reduction of approximately 1/W.
The XC6SLX150 FPGA is a

2ri 2 x 24:1”'2 6 x 2q+r;+c;
nk,  k,2¥n-WY=Y'W) k,(3nY* =2Y’W =3nY +2WY)
=k ]+ 2 + 3
0 21] 2x2|:|+£'2 6X2C|+L‘2+C!
(n=z0)
k, = I Rx2%
C
PR LW yxato
c fo 2f; 6/ 6)
by = LL (L 4 Dty
A A
k3 - fL&WZ X2Ng+rl+c'2+c3
C :
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member of the firm's Spartan-6
family of products, with each FPGA
in the product line incorporating
as many as six clock management
tiles (CMTs), with each CMT
consisting of two digital clock
managers (DCMs) and one phase-
locked loop (PLL), which can be
used individually or cascaded. The
model XC6SLX150 FPGA features
147,443 logic cells and more than
23,000 configurable logic slices. The
integrated device makes use of more
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than 184,000 flip-flops and 1355 kb maximum distributed
random access memory (RAM) to provide its performance
with relatively low static power consumption and low dynamic
power consumption. It was considered a good subject for
investigation with the model, since it offers performance
and capabilities that can be used across a wide range of DDS
applications, and would represent a

Proceedings of the ION National Technical Meeting, 2010, pp. 1044-1050.

5. Xuejuan Zhou and Ligiao Dong, “A New Method for High-Precision Dynamic
Clock in Navigation Simulator,” Journal of Radio Engineering, Vol. 41, No. 11, 2011,
pp. 37-39

6. “BeiDou Navigaiton Satellite System Signal In Space Interface Control
Doucment” China Satellite Navigation Office, 2012.

7. Mingjian Chen, Chunsheng Liu, and Xiu Wang, “Application of Phase Modeling
Method and Smooth Phase Difference Method to Instantaneous Frequency
Estimation,” Shipboard Electronic Countermeasures, Vol. 31, No. 12, 2008, pp. 73-77.

good "typical" FPGA for modeling
purposes.

This hybrid-clock third-order
DDS model developed here is fairly
straightforward and can be used under
both same-clock and hybrid-clock DDS
conditions, and can be used to predict
the amount of power consumption
under static as well as dynamic
conditions. The simulation results for
the BeiDou2 B1 carrier signal show that
the signal Doppler simulation method
achieves precision of 2 mHz. Compared
with the same-clock condition, the
third-order DDS under hybrid-clock
conditions operates with less resource
requirements and power consumption.
The model offers an effective method for
projecting the amount of power that will
be required by a given FPGA product
when employed as part of a DDS system.
This simulation approach provides a
means of precisely simulating Doppler
signals, and is particularly useful for
modeling portable high-dynamic-range
satellite navigation equipment.

Editor’s Note: For an expanded version
of this article, including a full listing of
equations, visit www.mwrf.com/systems/
dds-model-tunes-doppler-simulation.
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Quadrupler Cuts
Losses At W-Band

A unique design approach aids in the fabrication of a W-band quadrupler with
low conversion loss that is capable of as much as +2 dBm output power from

80 to 100 GHz.

4,

Power divider Balun

1. The block diagram depicts the balanced quadrupler.

2. This diagram shows the simple design of the CSDBQ structure.

chottky diode quadruplers provide practical
means of generating signals at higher frequen-
cies, especially when they can perform such
unctions with minimal conversion loss (CL).
enerally means higher power levels at the output
of the quadrupler and, fortunately, with the aid of a commer-
cial computer-aided-engineering (CAE) software program,
it has been possible to design a Schottky diode multiplier
with low CL for applications requiring signals from 80 to 100
GHz. This monolithic frequency multiplier was fabricated
with a 0.1-um GaAs pseudomorphic-high-electron-mobility-
transistor (pHEMT) process and provides as much as +2 dBm
output power across its 20-GHz output bandwidth.

Due to their nonlinear characteristics, Schottky diodes
are often the key elements in passive frequency multipliers.
They are capable of producing stable, low-noise multiplied
output signals when combined with an appropriate oscillator.!
Unfortunately, as the frequency increases, the dielectric circuit
losses and roughness of the conductor surface can result in

76

increases in the CL of a Schottky diode multiplier. As a result,
one of the design goals when working with these components
involves minimizing the CL.

A number of researchers have explored different approach-
es to passive multiplier designs,>* with the importance of
impedance matching for the source and load impedances of
the Schottky diodes detailed in ref. 2, although an impedance-
matching method or solution was not provided. A W-band
frequency doubler was presented in ref. 3, with a quarter-
wavelength short stub (at the fundamental frequency) used
to provide a short circuit for the second-harmonic frequency
at the input of the diode, and a quarter-wavelength open stub
(at the fundamental frequency) used to short the fundamental
frequency at the output of the diode.

This study did not present the effects of these stubs on CL
performance, however. A similar design approach was pre-
sented in ref. 4.

Work in ref. 5 detailed a method for optimizing the input
and output impedances to a high-gain active frequency mul-
tiplier with reflector networks. A similar approach was used
in ref. 6 to optimize a frequency tripler. A W-band active
frequency doubler was designed and fabricated with a 0.15-
pm InGaAs/InAlAs/GaAs mHEMT process in ref. 7. These
reports offered several different approaches for designing
high-frequency multipliers, but with little description of CL
optimization methods for the passive balanced multipliers.
The present report examines the importance of impedance
matching for the input and output multiplier ports, using
input and output reflector networks to not only impedance-
match to the impedances of the diodes, but to reduce the CL of
the balanced multiplier.

One method of reducing the CL of a diode multiplier is
to focus on the Schottky diode and its supporting circuitry.
This can be done by examining the construction of a Schottky
diode quadrupler, the design of the component’s balun, opti-
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W-Band Quadrupler

mization of the input power network and the input/output
reflector networks, optimization of the full quadrupler, and
fabricating and testing the quadrupler to check how the mod-
eled results compare with actual performance.

Figure 1 offers a block diagram of a generic balanced mul-
tiplier, with an antiparallel diode-pair structure used with a
balanced-mixerconfiguration.®Inthisconfiguration,onlyeven-

harmonic frequencies are available at the output, with inherent
rejection fundamental-frequency and odd-harmonic signals
at the output.

As Eq. 1 shows, the nonlinear Schottky diode current-
voltage (I-V) curves are closely related to the input signal
amplitude. The input power can be optimized to obtain mini-
mum CL from the multiplier by analysis of Eq. 1:

real boards
real easy
real fast 4

I[=Tplexp(Va/Vir) = 1] (1)
where:

I, = the reverse saturation current;
V, = the diode external voltage; and
V1 = the thermopower voltage;

Equations 2 and 3 show that the
signals reflected by different reflec-
tor networks have different phase
characteristics. Short-circuit (SC)
transmission-line voltage is a sinusoi-
dal function, but open-circuit (OC)
transmission-line voltage is a cosine
function. Changing the type of trans-
mission line can optimize the perfor-

mance of the multiplier. The voltage of

Cl
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an SC transmission line can be found
by studying Eq. 2, while the voltage of
an OC transmission line can be calcu-
lated by Eq. 3:
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V(d) = 2jV*sin(Bd) (2)
V(d) = 2V*cos(Bd) (3)

where:

V* = the voltage amplitude of the elec-
tromagnetic (EM) wave propagating
along the positive direction;

[ = the phase constant of the transmis-
sion line; and

d = the length of the transmission line.

As a result, it is necessary to opti-
mize the input-power network and the
input/output reflection networks to
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minimize the CL of a high-frequency
multiplier design.

A Marchand balun is often part of
the design of balanced multipliers, mix-
ers, and amplifiers. The balun can be
designed in a number of different ways,

JUNE 2014 MICROWAVES & RF



Make the Connection

Find the simple way through complex
EM systems with CST STUDIO SUITE

Components don't exist in electromag-
netic isolation. They influence their neigh-
bors’ performance. They are affected by
the enclosure or structure around them.
They are susceptible to outside influences.
With System Assembly and Modeling,
CST STUDIO SUITE helps optimize compo-
nent and system performance.

Involved in antenna development? You
can read about how CST technology is
used to simulate antenna performance at

If you’re more interested in filters, couplers,
planar and multilayer structures, we've a
wide variety of worked application examples
live on our website at w com/
Get the big picture of what'’s really going on.
Ensure your product and components per-
form in the toughest of environments.

Choose CST STUDIO SUITE -
Complete Technology for 3D EM.

CST




W-Band Quadrupler

with multiple planar balun structures proposed in ref. 9. The
balun shown in Fig. 2 offers a similar design. From a study of
Fig. 3, it is possible to learn that (a) the phase difference (P2
minus P3) is 185 to 190 deg. between 80 to 100 GHz and (b)
the insertion loss (from P2 to P1 and from P3 to P1) is less
than 3.6 dB from 80 to 100 GHz.

The input-power network and the input/output reflector
networks can be optimized with the assistance of computer

200 a 0
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3. The simulated phase and insertion loss for the balun are plotted
versus frequency.

analysis using the Advanced Design System (ADS) software
from Agilent Technologies (www.agilent.com) and load-pull
technology for analysis. It is well known that the output port
of a balanced frequency multiplier will only contain even-
harmonic signals and, according to the nonlinear character-
istics of the multiplier, the impact of CL is weak on the higher
multiplied harmonic signals. So, analysis at the input port of
the multiplier can focus on the input power, the fundamental-
frequency signals, and the second- and fourth-harmonic
signal impedance at the multiplier’s input port. In addition,
the second-, fourth-, and sixth-harmonic impedances at the
output port of the multiplier should also be studied. The input
and output reflector networks for the multiplier include SCs,
OCs, and matching circuits (MCs).

Table I provides data for analysis of CL performance for
different networks, with a number of conclusions possible by
examining the table. For one thing, a change of CL impacted
by the second- or fourth-harmonic reflector networks at the
input portis about 0.1 dB, and this can be ignored. The appro-
priate input fundamental-frequency power reduces the VCL

For all graphics related fo this article, visit www.mwrf.com, click on

Call 317-

JFW Industries
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W-Band Quadrupler
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4. This diagram shows the optimized structure of the balanced quadrupler.

by about 1 dB, so the level of the funda-
mental input power should be a concern
in the design of a frequency multiplier.
When the second-harmonic reflector
network is an open circuit at the output
port, the CL is reduced by about 1 dB,
which is an important consideration.
Also, when the six-harmonic reflector
network is an open circuit at the out-
put port, the CL is reduced by about 0.2
to 0.4 dB, not a small amount of loss.
According to these data, it is possible to
optimize a Schottky diode multiplier for
certain operating conditions. The spe-

cific structure is shown in Fig. 4.

As the studies show, a number of
conclusions can be drawn. For one, the
input reflector networks have been used
to both impedance-match the funda-
mental-frequency signals and short-
circuit the second- and fourth-harmon-
ic signals. The output reflector networks
are used to both impedance-match the
fourth-harmonic signals and open-
circuit the second- and sixth-harmonic
signals. As shown in Fig. 5 and Table
2 (online only), the quadrupler’s spe-
cific layout can be obtained by analysis
of these matching
requirements. By

fg Lol LT /:/ using commercial
16— \ i —t N analysis software
. :; : \-p-é == 1 1 T such as ADS, it is
2 ol also possible to
a'.)% gl determine the out-
§_F, 6| put power (based
EU ; on an input-power
3 ol level) and the CL
-2 curves for a fre-
-4 quency-multiplier
'g design. From such
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5. These curves show the quadrupler’s simulated output power and

conversion loss (CL).

for the quadrupler
is found to be near
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87 GHz when the input power is around +20 dBm. The mini-
mum CL is around 13 dB and the output power is around +7
dBm. This quadrupler design was realized with a 0.1-pm-gate-
length GaAs pHEMT process (Fig. 6).

The device was testing in a Class 10,000 cleanroom, mea-
sured on wafer using a model M150 probe station from
Cascade Microtech (www.cmicro.com), a model ACP110-S
ground-signal-ground (GSG) W-band probe from Cascade
Microtech, and a model W8486A W-band power probe from
Agilent Technologies. Simulated and measured results are
compared in Fig. 7, showing that the output frequency charac-
teristics between modeled and measured results are somewhat
offset. This is most likely because since the quadrupler works
at W-band frequencies, the Schottky diode model may not be
totally accurate.

Still, it was possible to simulate the performance of a Schottky
diode multiplier from 80 to 100 GHz with results that were fairly
close to the measurements of an actual fabricated quadrupler for
that same range. The analysis showed that it is possible to reduce
the multiplier’s CL, provided that the input-power network and
the input/output reflector networks are fully optimized. The
monolithic quadrupler that was finally fabricated can produce
output levels of about -3 to +2 dBm across the target frequency
range of 80 to 100 GHz. il
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R Ml e i
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2+10 —— CLatP,, = +18 dBm (simulafion) =3
OD +5 -10
-15
0 -20
-5 -25
-10 -30

80 85 90 ?5 100
Frequency —GHz

7. These curves compare the measured and simulated performance

with frequency for the quadrupler.
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ANTENNA
Boosts UWB Gain

This compact, star-shaped slot antenna employs a frequency-selective
surface as a reflector to help boost gain over a wide impedance bandwidth

26 MM i

for UWB applications.

icrostrip antennas offer many
benefits, including small size
and light weight, along with
ease of integration with micro-
nt ed it (MIC) and monolithic-micro-
wave integrated circuit (MMIC) devices.! They are
well suited for transferring data, voice, and video as
part of wireless communications applications,” but
they lack one important property for longer-distance
communications: higher gain.? Fortunately, it is pos-
sible to develop a microwave antenna with coplanar-
waveguide (CPW) feed that offers radiation patterns
with enough gain to serve ultrawideband (UWB)
communications applications.
The antenna design features a star-shaped radia-
tion patch with wide impedance bandwidth of 3.0 to

32.264 mm

1. These diagrams show the geometry of the star-shaped UWB antenna.

84

T, =7.56 mm —»

AV

11.7 GHz. Through the use of a three-layer
frequency-selective surface (FSS), the antenna can
be fabricated with higher gain, enhancing the gain
by 4 to 5 dB while maintaining the wide impedance
bandwidth. The use of the FSS even helps reduce the
antenna’s backlobes.

The bandwidth of a patch antenna is limited if
the patch is fabricated on a dielectric substrate that
contributes to generation of surface waves, and in so
doing reduces the bandwidth of the antenna.? Numer-
ous techniques are available to increase antenna band-
width, such as incorporating different slot geometries
in the ground planes, or the use of FSS screens, gap-
coupled feeds?, and meandered ground planes.” A
UWB antenna with CPW feed can provide the good
radiation patterns needed for broad bandwidth.

Antennas for
UWB communica-
tions can support a
wide range of appli-
cations, includ-
ing for microwave
imaging, impulse
radio communica-
tions, and biomedi-
cal applications.
Increased antenna
signal-to-noise
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UWB Antenna

Increased antenna signal-to-noise ratio is needed for improved
gain, and this can be achieved by designing antennas with
unidirectional or semi-unidirectional radiation patterns.”

for improved gain, and this can be achieved by designing
antennas with unidirectional or semi-unidirectional radiation
patterns.%” The antenna gain can be improved in two ways:
by increasing its efficiency or using a reflector surface. For
increased efficiency, thinner substrates can be used to provide
higher gain due to reduced surface-wave losses.

ESS surfaces are passive periodic structures of metallic or
dielectric elements that can be used to control and manipulate
the propagation of electromagnetic (EM) waves.® 1 FSS mate-
rials can be characterized by means of high surface impedance
which retards the propagation of surface waves and supports

Return loss—dB

— Measured
~— Simulated

8 10 12 14
Frequency—GHz

2. The plots show the measured and simulated reflection coefficients
for the UWB antenna.
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3. These plots show the effects of antenna parameters (a) A, and (b)
B, on return loss.
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in-phase reflections of waves striking the FSS surface, result-
ing in a high gain.'*"!% For low-profile antennas, FSS designs
should be compact, easy to fabricate, and commercially viable.

By using an FSS screen, it should be possible to improve
antenna radiation pattern characteristics, directivity, polar-
ization and, in many cases, bandwidth. FSS materials can be
used as a filter, reflector, polarizer, propagation device, or as an
artificial magnetic conductor (AMC).!6:17

Typical FSS structures already reported in technical lit-
erature include square, ring, loop, dipole, and fractal-based
shapes. The characteristics and behaviors of these different
FSS materials depend on the size, shape, periodicity, and geo-
metric structure of each FSS unit cell.'®

To demonstrate the effectiveness of FSS materials and
shapes, a wideband FSS form consisting of a rectangular ring
element was used to enhance the gain of a star-shaped patch
antenna operating from 3.0 to 11.7 GHz. The antenna design
was simulated with the help of the CST Microwave Studio
computer-aided-engineering (CAE) simulation software from
CST (www.cst.com), then fabricated and measured using
commercial test equipment.

Figure 1 shows the structural details of the antenna. It was
printed on one side of 1.58-mm-thick FR-4 circuit laminate
with relative permittivity (e,) of 4.3 in the z-axis of the material
and loss tangent (tan 8), or dissipation factor of 0.019 in the
z-axis of the material. Initially, a simple symmetric rectangu-
lar-shaped slot was etched on the ground plane.

A double-stepped CPW feed line with widths of Wy and
W, and terminated on a star-shaped patch, was used to excite
the slot. A double-stepped CPW feed was used for better
impedance matching. Figure 1 also shows the formation of the
star-shaped patch, which was formed by inverting and adding
two isosceles triangles having base width Ty, and height Ty,
resulting in the star-shaped structure.

18 mm

14 mm

3.50 mm— e 4.50 mm —= |

14 mm
18 mm

For first two layers For third layer
4. These are the unit-cell dimensions for the three layers of antenna

FSS.
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UWB Antenna

~~—112.50 mm —
117 mm

117 mm

11250 im—

5. These are the overall screen dimensions for the different FSS layers.

To increase antenna bandwidth, the slot was made asym-
metric by adding a rectangular section on one side (Fig. 1).
The slot’s asymmetric nature provides an inductive character-
istic to counter the capacitive effects of the patch (produced
by the fringing effect). The bandwidth can also be enhanced
by changing the size and shape of the slot. The antenna was
optimized further for miniaturization.

The return loss of the fabricated antenna was measured
using a model R&S ZVA-40 vector network analyzer (VNA)
from Rohde & Schwarz (www.rohde-schwarz.com). Figure 2
compares measured and simulated return loss for the antenna.
The measured impedance bandwidth of the antenna is 8.7
GHz (3.0to 11.7 GHz).

From Fig. 2, it can be seen that measured and simulated
results are in close agreement except at certain frequencies,
where deviations may be due to substrate impurities or devia-
tions because of SMA connectors.

To study the effect of asymmetric slot on the return loss of
the antenna, the two slot dimensions, A, and B,, were varied.
Figure 3 shows how return loss changes with variations in
these slot dimensions. From Fig. 3(a), it can be seen that as the
value of A, increases, the return loss improves and frequency
shifts downward.

As A increases, the overall slot length increases, result-
ing in a shift towards lower frequencies. Also, the coupling
between the ground and the radiating patch improves with
increasing value of A,. This results in better
impedance matching and improvement in
return loss.

However, after a particular value of A,,
the return loss deteriorates with increas- |
ing value of A,. So the value of A, mustbe "0
optimized; the optimum value was found to
be 9.10 mm. From Fig. 3(b), it can be seen
that B, has a similar effect on return loss as
A,. The optimized value of B, was found to
be 7.50 mm. ‘

As opposed to the asymmetrical slot

shown in Fig. I, if the slot is extended on 7. This photograph shows the fabricated

both sides, it again becomes symmetrical.
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UWB antenna with screen.
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6. These plots show the reflection and transmission characteristics
of the screen.

The effects of this extended symmetric slot on antenna return
loss were studied, and found not ideally suited for UWB
operation, even when the slot dimensions are optimized.
These return-loss characteristics were studies by considering
surface-current distribution for the antenna. High current dis-
tribution was found at 4.3 GHz, due to the star-shaped patch,
with a resonance at 6.5 GHz due to second harmonics of 3.2-
GHz fundamental signals.

By considering current distribution, the first resonance can
be approximated as

fi = c/[SLie)"*] (1)

where:

f; = the lowest resonance frequency (in Hz);

SL = the slot length (in m and equal to 0.065 m);
¢ = the speed of light (in m/s); and

g is the effective relative permittivity which can be approxi-
mated by (g, + 1)/2.

The second resonance frequency can be approximated by con-
~ sidering the height of the patch

- toA/4,and it is given by Eq. 2:
- = c/[4L(ee)*?] (2)
. where:
L = the height of the star-shaped patch.

By using loop-type patches, the antenna

FSS was successfully designed. Initially, a

loop array was printed on one side of the

substrate. Then, to increase the stopband
bandwidth, different layers of FSS were
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UWB Antenna

cascaded to form the final FSS. The FSS is a composite struc-
ture with two substrate layers sandwiched between three
metallic layers. The 1.6-mm-thick substrate has relative per-
mittivity, &, of 4.4. The unit element used for all three layers
was a loop-type structure, with larger loop for the outermost
layer. Figure 4 shows the unit elements used in the different
layers of the FSS. The FSS was fabricated with a 6 x 6 element
array for two of the layers and 5 x 5 element array for the out-

150
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e Measured with FSS

6.5GHz -30

30
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90 =90 |-

-150
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E-plane === Measured without FSS

e Measured with FSS

8. These plots compare measured radiation patterns of the antenna in the E- and H-planes

with and without the FSS.

90

ermost layer (Fig. 5). Figure 6 shows simulated magnitude of
transmission and reflection phase for the FSS. The stopband
(transmission less than —20 dB) bandwidth is 8.3 GHz (2.6 to
10.9 GHz). The reflection phase of the FSS is linear which is
desirable to increase the gain over a wider bandwidth.

The FSS is mounted below the antenna to enhance the gain,
used as a reflector. Waves radiated by the antenna and propa-
gating towards the FSS are reflected by the FSS. If the waves
radiated by the antenna and reflected by
the FSS are in phase, antenna gain will be
increased. The condition for the reflected
waves from the FSS and the radiated waves
from the antenna to be in phase is given by

Dpgg - 2Bh = 2n7

where:

n= ...=2,-1,0,1,2,... (3)

and

Dpgs = the reflection phase of the FSS;

f = the propagation constant in free space;
and

h = the height between the FSS and the
antenna.

By using Eq. 1, h can be calculated as
26.13 mm.

Figure 7 shows the fabricated antenna
prototype along with the FSS. The mea-
sured impedance bandwidths with and
without the FSS are nearly same and equal
to 8.7 GHz (from 3.0 to 11.7 GHz). The
slight difference between the reflection
coefficients (with and without FSS) is due
to multiple reflections caused by the FSS.

The radiation patterns of the proposed
antenna with and without the FSS were
measured in an in-house anechoic cham-
ber, with a double-ridged horn antenna
used as the reference antenna. Figure §
compares measured E- and H-plane pat-
terns with and without the FSS at three dif-
ferent frequencies: 4.5, 6.5, and 10.5 GHz.
Radiation patterns without the FSS show
a bidirectional nature in the E- plane and
omnidirectional nature in the H-plane.

H-plane

JUNE 2074 MICROWAVES & RF



Amazingly
Low Phase Noise
SAW VCO’s

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

Tuning DC Bias
et Frequency { Miiz ) Voltage ( VDC ) VDC @ | [Max.]

HFS0640-5 +5 @ 35 mA -151
HFSO745R84-5 745.84 05-12 +5 @ 35mA -147
HFSO776R82-5 776.82 05-12 +5 @ 35 mA -146
HFS0800-5 800 05-12 +5 @ 30 mA -146
HFS0914R8-5 914.8 05-12 +5 @ 35 mA -139
HFS01000-5 1000 05-12 +5 @ 35 mA -141
HFS01600-5 1600 guEa +5 @ 100 mA -137
HFS02000-5 2000 05-12 +5 @ 100 mA -137

SAW VCO Features
- Small Size 0.9" x 0.9°
- Very Low Post Thermal Drift

MR T FRNER Phone: (973) 881-8800 | Fax: (973) 881-8361

“ -'“h‘ E-mail: sales@synergymwave.com
- W E AR Web: WWW.SYNERGYMWAVE.COM
: WICROWANE CORPORATION Mail: 201 McLean Boulevard, Paterson, NJ 07504




UWB Antenna

D O OF A A PARA
Parameter Gpg G{ng Wit W A B C
Dimension | 0.70 | 0.30 | 0.82 | 1.73 | 14.97| 420 | 10.10
Parameter A Ay B] By Si 3 P
Dimension | 1.50 | 9.10 | 820 [ 7.50 | 1050 | 1430 —

L

The radiation pattern becomes more directional with appli-
cation of the FSS. The backlobes are reduced by around 10 dB
(at 7.5 GHz) with the FSS. Figure 9 shows the measured peak
gain comparison of the antenna without and with the FSS. It
reveals an improvement in the peak gain of around 4 to 5 dBi
throughout the band after application of the FSS, with the gain
under both conditions measured from 3 to 11 GHz.

In summary, a compact slot antenna with FSS provides high
gain for UWB applications. The slot is asymmetrically placed
in the ground plane to improve impedance matching. The
antenna design offers a measured impedance bandwidth of
102% at a center frequency of 7.5 GHz. To boost gain, a three-
metal-layer FSS is used as a reflector, providing improvement
of 4 to 5 dBi in peak gain.

Analogue Front End (AFE)

Bridging the Gap Between RF and DSP

Aux ADCs/DACs

Fast serial interface

1al channel 1/Q converters
annel filtering
vo RF Frac-N synths Low operating power

Small 64 VQFN package

92

Measured gain with FSS
Measured gain without FSS

Gain—dB

=10

-15
3 4 5 6 7 8 9 10 11
Frequency—GHz

9. These plots show the peak gain for the prototype antenna with
and without FSS across a frequency range of 3 to 11 GHz. The gain
increased by about 4 to 5 dBi with application of the FSS .

REFERENCES

1. C.A. Balanis, Antenna Theory Analysis and Design, Wiley-Interscience, New
York, 2005.

2. G.Z. Rafi and L. Shafai, “Wideband V-Slotted Diamond- Shaped Microstrip
Patch Antenna,” Electronic Letters, Vol. 40, No. 19, 2004, pp. 1166-1167.

3. Hsing-Yi Chen and Yu Tao, “Antenna Gain and Bandwidth Enhancement Using
Frequency Selective Surface With Double Rectangular Ring Elements,” 9th Interna-
tional Symposium on Antennas Propagation and EM Theory (ISAPE), Guangzhou
PRC, November 29-December 2, 2010, pp. 271-273.

4. P.S. Hall, “Probe Compensation in Thick Microstrip Patches,” Electronic Letter,
Vol. 23, No. 11, 1987, pp. 606-607.

5.J.5. Kuo and K.L. Wong, “A Compact Microstrip Antenna with Meandering Slot
in the Ground Plane,” Microwave and Optical Technology Letters, Vol. 29, No. 2,
April 2011, pp. 95-97.

6. A. Pirhadi, H. Bahrami, and J. Nasri, “Wideband high directive aperture coupled
microstrip antenna design by using a FSS superstrate layer,” IEEE Transactions on
Antennas and Propagation, Vol. 60, No. 4, April 2012, pp., 2101-2106.

7. N. Kushwaha and R.Kumar, “Design of slotted ground hexagonal microstrip
patch antenna and gain improvement with FSS screen,” Progress In Electromag-
netics Research B, Vol. 51, 2013, pp. 177-199,

8. R. Ulrich, “Far-infrared properties of metallic mesh and its complementary struc-
ture,"” Infrared Physics, Vol. 7, No. 1, 1967, pp. 37-50.

9. TK. Wu, Frequency Selective Surface and Grid Array, Wiley, New York, 1995.
10. M.A. Hiranandani, A.B. Yakovlev, and A.A. Kishk, “Artificial magnetic conduc-
tors realized by frequency-selective surfaces on a grounded dielectric slab for
antenna applications,” IEE Pro.-Microwave Antennas Propagation, Vol. 153, No. 5,
October 2006, pp. 487-493.

11. Liang and H.Y. David Yang, “Radiation characteristics of a microstrip patch over
an electromagnetic bandgap surface,” IEEE Transactions on Antennas & Propaga-
tion, Vol. 55, No. 6, June 2007, pp. 1691-1697.

12. D. Sievenpiper, L. Zhang, R.F. Jimenez Broas, N.G. Alex'opolous, and E. Yablo-
novitch, “High-impedance electromagnetic surfaces with a forbidden frequency
band,” IEEE Transactions on Microwave Theory & Techniques, Vol. 47, No. 11,
Novermnber 1999, pp. 2059-2074.

13. X.L. Bao, G. Ruvio, M.J. Ammann, and M. John, “A novel GPS patch antenna
on a fractal hi-impedance surface substrate,” IEEE Antennas & Wireless Propaga-
tion Letters, Vol. 5, 2006, pp. 323-326.

14. B.A. Munk, Frequency Selective Surfaces - Theory and Design, Wiley, New
York, 2000

15. R. Dickie, R. Cahill, H. Gamble, V. Fusco, M. Henry, M. Oldfield, P. Huggard,
P. Howard, N. Grant, Y. Munro, and P. de Maagt, “Submilimeter wave frequency
selective surface with polarization independent spectral responses,” IEEE Transac-
tions on Antennas & Propagation, Vol. 57, No. 7, July 2009, pp. 1985-1994,

16. C.N. Chiu, C.H. Kuo, and M.S. Lin, “Bandpass shielding enclosure design
using multipole-slot arrays for modem portable digital devices,” IEEE Transactions
on Electromagnetic Compatibility, Vol. 50, No. 4, November 2008, pp. 895-904.
17. B.A. Munk, P. Munk, and J. Pryor, “On designing Jaumann and circuit analog
absorbers (CA absorbers) for oblique angle of incidence,” IEEE Transactions on
Antennas & Propagation, Vol. 55, No. 1, January 2007, pp. 186-193.

18. M. Xu, T.H. Hubing, |. Chen, T.P. Van Doren, |.L. Drewniak, and R.E. DuBroff,
“Power-bus decoupling with embedded capacitance in printed circuit board
design,” IEEE Transactions on Electromagnetic Compatibility, Vol. 45, No. 1, Febru-
ary 2003, pp. 22-30.

JUNE 2014 MICROWAVES & RF



~ EUROPEAN
. MICROWAVE
WEEK

ROME, ITALY
5-10 OCTOBER 2014

www.eumweek.com

EUROPE’S PREMIER MICROWAVE, RF,
WIRELESS AND RADAR EVENT

| The Exhibiﬁon (7th - 9th October 2014)
Pivotal to the week is the European Microwave Exhibition, which offers YOU the opportunity
- tosee, first hand, the latest technological developments from global leaders in microwave
"~ technology, complemented by demonstrations and industrial workshops. Register as an

Exhibition Visitor at www.eumweek.com. Entrance to the Exhibition is FREE.
,Tha Conferences:

" Don't miss Europe’s premier microwave conference event. The 2014 week consists of three
- conferences and associated workshops:
. European Microwave Integrated Circuits Conference (EuMIC) 6th — 7th October
* European Microwave Conference (EuMC) 6th— th October
e Furopean Radar Conference (EUuRAD) 8th— 10th October
» Plus, Workshops and Short Courses from 5th October
« In addition, EuMW 2014 will include the ‘Defence, Secumy and Space Ferum
Reglster for the conference online at: www. eumweek. com

DVANCE DISCOUNTED RATE - for
:TE- for all reg:snfatlo , .mde aft d Sth September

E M Official Publication: Orgonised by Supported by: Corsponsored by: Cosponsored by:
uMA e horoon e M <¢IEEE
European Microwave Association ouse Enginaering and Technology MTT-S°
‘
2355 EuMIC 7R
e 2014 " CONFERENCE E&P
&% ® MEUROPEAN ERE 240§ 2}
MICROWAVE

The 9th European Microwave 2 0 1 4
Integrated Circuits Conference The 44th European Microwave Conference The 1th European Radar Conference

Caorsponsored by Cosponsored by Corsponsored by:

@

Register online now at www.eumweek.com



Application Notes

SIMULATION SOFTWARE OPTIMIZES MISSILE ANTENNAS

"% NTENNA ARRAYS ARE making
themselves useful in applica-
ions ranging from biomedical
to radar. Such diverse applications place
the arrays in environments that are far
from their planar performance ideal.

while meeting airborne weaponry stan-
dards. The specifications of operation
for this demonstration include a center
frequency of 2.4 GHz, a main beam gain
greater than 10 dBi, and side-lobe levels
that are less than 20 dB below the peak

To effectively predict and
optimize the behavior of
non-planar antenna ar-
rays, powerful 3D simula-
tors could be used in the

REMCOM,
315 South Allen St., Ste. 416,

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

gain figures.

A planar conformal
antenna is required to
meet the surface re-
quirements of the mis-

initial design stages. Remcom has re-
leased an application note investigating
this option titled “Conformal Antenna
Array Design on a Missile Platform.
The example in the application note
is a 12-x-1 antenna array mounted on
the side body of a theoretical missile. The
design must overcome the challenging
constraints of having a radiative body
as an antenna-array mounting surface

sile body. A parametric investigation is
performed to optimize the patch antenna
array for performance. The array is then
bent to the missile’s body shape for aero-
dynamics. Such bending shifts the oper-
ating frequency close to 2.45 GHz. After
a slight patch diameter variation, how-
ever, the operating frequency again con-
forms to the specification. Scripts from
Remcom’s library are used to choose the

array amplitude and phase to meet the
sidelobe and main gain figures.

The antenna array is then integrated
into a 3D model of the missile body.
Simulations are run using a variety of
computer hardware permutations to
demonstrate the time enhancements of
using multicore graphical processing
units (GPUs) for simulation. Using a
single Intel Core i7, the simulation re-
quired 3 hrs. and 13 min. of simulation
time. In contrast, using a single Nvidia
Tesla C2070 GPU brought the simula-
tion time down to 29 min. and 40 sec.
Six Nvidia GPUs lowered the simulation
time to 7 min. and 20 sec. This example
demonstrates the simulation-time per-
formance that can be acquired from
GPU processing using 3D electromag-
netic simulation software that can lever-
age the CUDA environment.

I

THE PROLIFERATION OF global navigation satellite systems
(GNSSs) could enable the implementation of a higher-quality
frequency standard than the costly cesium atomic clock. This
new system uses the base technology of the Global Position-
ing Satellite (GPS) systems to attain highly precise physical
positions. In doing so, it provides frequency standards with
accuracy better than 6E-'3 over 24 hrs. Delving into the de-
tails of such a system, PTF provides an application note titled

| GNS SIGNALS ARE USED FOR FREQUENCY STANDARDS

noise figure, the OCXO degrades over time in accuracy. If
both a 1-PPS system and OCXO are combined effectively with J
a control loop, a highly accurate and stable frequency refer- ||
ence can be designed. I‘

To align the 1-PPS signal with the oscillator's signal, one ap- 1‘
proach is to use the OCXO's base frequency and divide it down i
to a single cycle per second. But this method introduces in-
accuracy based upon the phase noise of the oscillator. Even

“High Performance GNSS Disciplined Frequen-
| cy Reference Standards.”
To detect the precise position of a GNSS re-
|| ceiver, a connection is needed for a minimum of

PTF,
50L Audubon Rd.,

Wakefield, MA 01880;
(781) 245-9090,
www.pfifinc.com

with clever half-clock cycle techniques, a 5-ns
error from a 100-MHz clock is not accurate for
measuring 10-ns saw-tooth granularity errors.
PTF claims to resolve this issue by using an inter-
polator charging capacitor technique, which re-

four satellites. This information also can be used
| to derive accurate timing data, which can be used to control an
oscillator's stability. There are two primary methods for generat-
ing the timing data: using the 1 pulse per second (1-PPS) signal
or carrier-phase-disciplined-oscillator (CPDO) method. A hybrid
|| of both methods would produce the highest accuracy. But the
cost and complexity of a CPDO make it less viable than cleverly
| solving the accuracy issues associated with the 1-PPS method.
| The 1-PPS method is highly stable over time. Depending
| on the resolution of the oscillator signal, however, it may shift
each cycle relative to the oscillator’s phase. Although an oven-
controlled crystal oscillator (OCXO) has a very stable phase-

e

portedly enhances resolution on the quantization error by 1000
times. This would produce a phase measurement resolution of
0.1 ns, effectively synchronizing the two signals.

Using this technique and a simple controller, the company
touts the potential for an RF signal with stability greater than
2E~"" phase noise beyond -125 dBc at 10-Hz offset from the car- |
rier, and accuracy of greater than 1E~'2 over 24 hrs. The quality
of the RF-controlled signal could be degraded by other factors,
such as poor power supplies, low-grade buffer amplifiers, poor
analog/digital layout, and insufficient grounding. Thus, those fac- |
tors also should be considered in the design. [
—
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Rugged, repeatable performance.

At Mini-Circuits, we're passionate about transformers. We even
make own transmission line wire under tight manufacturing
control, and utilize all-welded connections to maximize
performance, reliability, and repeatability. And for signals up
to 8 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and
they are even offered in packages as small as 0805!

Continued innovation: Top Hat.

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

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

More models, to meet more needs

Mini-Circuits has over 250 different SMT models in
stock. So for RF or microwave baluns and transformers,
with or without center taps or DC isolation, you can
probably find what you need at minicircuits.com. Enter
your requirements, and Yoni2, our patented search
engine, can identify a match in seconds. And new custom
designs are just a phone call away, with surprisingly
quick turnaround times gained from over 40 years of
manufacturing and design experience!

[_JMini-Circuits’

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

377 rev AB



International Microwave Symposium

IEEE 17-22 May 2015 . Phoenix, AZ MTT-S I
IMS2015' MUST ATTEND!

The 2015 IEEE MTT-S International Microwave Symposium (IMS2015) is the premier conference for
the Microwave and RF Industries! With over 9,000 attendees and over 600 industrial exhibits of the
latest state-of-the-art microwave products, Microwave Week is the world's largest gathering of
Radio Frequency (RF) and Microwave professionals and the most important forum for the latest and
most advanced research in the area.

SUBMIT YOUR TECHNICAL EXPERIENCE ALL THE
PAPER TO IMS2015 TODAY! ADVANTAGES OF BECOMING
AN EXHIBITOR AT IMS2015.

Technical Paper Submissions:

Authors are invited to submit technical Papers | Bacome an EXhibifOl": The 2015
describing original work on radio-frequency, IEEE  MTT-S
microwave, milimeter-wave, and terahertz
(THz) theory and techniques. The deadline for

submission is 8 D be

International Microwave
Symposium is the world's premier microwave
event. It features a large trade show, technical

For reservation questions or
further information contact:

FOR FULL

IEEE AAY CONFERENCE DETAILS VISIT

WWW.IMS2015.0RG




Cover Story
JACK BROWNE | Technical Contributor

&%%m % il 'ff‘.‘y ;.;EZ\:

ain

roadban

o
R

d Power

These solid-state amplifiers offer distortion-free performance in coaxial
and drop-in packages for design flexibility in broadband applications.

AMPLIFICATION IS ALMOST always needed in high-frequency sys-
tems, whether transmitting or receiving. When broadband
amplification is needed, finding a solution can be most challeng-
ing, since a large number of simultaneous amplifier performance
parameters, such as output power, gain, and even noise figure,
must be satisfied over a wide frequency bandwidth.

Fortunately, the new model ZHL-5W-422+ coaxial amplifier
from Mini-Circuits (www.minicircuits.com) is an
example of a broadband amplifier that not only
delivers outstanding electrical performance
with 5-W CW output power from 500
to 4200 MHz, but includes protec-
tive circuitry and numerous features
to make its installation and use almost
foolproof. The 50-Q amplifier is well
suited for military, commercial, test, and
even amateur-radio applications,
and can be supplied with or without
aheat sink.

Model ZHL-5W-422+ designates a coaxial
amplifier with fan and heat sink, which is also available
as model ZHL-5W-422X+ as the coaxial amplifier in its hous-
ing alone, without fan and heat sink (Fig. 1 ). The Class-A linear
amplifier, which is based on GaAs FET active devices, provides
adequate continuous output power for a variety of transmit
operations. These include frequency-modulated (FM) radios,
television transmitters, point-to-point radio transmitters, ama-
teur radio, and laboratory use.

This is an amplifier with instrument-grade gain performance,
with 20-dB minimum gain and 25-dB typical gain across its fre-
quency range. Although these are not staggering gain numbers,
what is impressive is the flatness of the gain with frequency, typi-
cally holding well within +1 dB gain from 500 to 4200 MHz (Fig.
2). The amplifier is rated for worst-case gain flatness of £1.7 dB
across its operating frequency range.

GO TO MWRF.COM

Perhaps not as apparent, this is an amplifier that also features
directivity of better than 50 dB across its full operating frequency
range (exceeding 60 dB at some frequencies). In addition, it is
well matched for use in a wide range of applications, with a low
input VSWR of no worse than 2.3:1 and typically at 1.70:1.

The low-input VSWR enables well-matched connections

between signal sources, such as a feedline from an antenna,
and the input port of
the amplifier. Such

“compatible imped-

ances” help mini-

mize mismatches
and irregularities in
amplitude and phase
performance. As

a result, with low-
VSWR amplifier input
ports that are well
matched, the specified
gain flatness can actually be

achieved. In addition, for applica-
tions where phase irregularities due to impedance mismatches
might be a problem—such when amplifying phase-modulated
signals—these amplifiers help to minimize phase deviations
across a wide bandwidth.

With or without the heat sink, the amplifier is rated for rea-
sonable 5 W output power from 500 to 4200 MHz, with +35
dBm typical output power at 1-dB compression and +37 dBm
typical output power at 3-dB compression. The linear amplifier
boasts output third-order intercept point of at least +40 dBmand
typically +45 dBm, and output second-order intercept point of at
least +50 dBm and typically +55 dBm (Fig. 3). Two-tone output
levels were measured with high-quality commercial test equip-
ment, using two test tones set 1 MHz apart in frequency.

With its generous output-power levels, it also achieves high

1. Model ZHL-5W-422+
is a solid-state amplifier
with fan and heatsink,
while model ZHL-5W-
422X+ is just the ampli-
fier (right) for use from
500 to 4200 MHz.

97



Broadband Amplifiers

30
25—\/\/-\_,_—‘/\
=
£
8
15
10
500 1000 1500 2000 2500 3000 3500 4000
Frequency—MHz

2. The small-signal gain of the model ZHL-5W-422+ amplifier remains
flat through 4.5 GHz.

efficiency, boasting 30% typical operation under saturated out-
put-power conditions and respectable noise figure across its fre-
quency range (typically at 7 dB). The amplifier is designed for use
from a 2-A supply at +28 VDC. It can handle input power levels
as high as +20 dBm without damage. Models ZHL-5W-422+
and ZHL-5W-422X+ are RoHS compliant and supplied with
SMA connectors.

Healthy output power in an amplifier can bring with it many
risks; these come in the form of overheating, backup damage,
and other potential problems as a result of short-circuit or open-
circuit connections to a powered amplifier. No audio through
RF/microwave amplifier is immune from damage due to faulty
connections, but the model ZHL-5W-422+ has been designed to
handle as many problems as possible.

The amplifier is unconditionally stable and features reverse
polarity protection against “wrong-connection” hookups. The
amplifier will not suffer damage when operated with an open or
short output load under full CW output power. The amplifier,
which is designed for an operating temperature range of —20

20
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4. Model GVA-123+ is a broadband ampilifier in an SOT-89 package with
gain within +0.7 dB through 8 GHz.
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3. The upper trace shows output power at 1-dB compression and the
lower trace is output power at 3-dB compression for the model ZHL-
5W-422+ amplifier.

to +50°C, incorporates automatic shut-off protection when its
base-plate temperature exceeds +85°C.

With the many challenges of broadband amplification at RE/
microwave frequencies, perhaps the new model GVA-123+
amplifier from Mini-Circuits is even more impressive, packed
into a tiny SOT-89 package for applications from 10 MHz to 12
GHz. Suitable for use in cellular base stations, in test equipment,
in satellite-communications (satcom) equipment, and in avion-
ics systems, this is an amplifier that practical defines gain flat-
ness, with specified performance of +0.7 dB gain flatness from
0.05 to 8 GHz. While its gain does drop below 8 GHz (Fig. 4), this
is a compact amplifier that offers 16.9 dB typical gain at 2 GHz,
with typical return loss of 20 dB at that frequency and almost
ruler-flat gain from 10 MHz to 8 GHz.

Of course, achieving desired results with RF/microwave
amplifiers in broadband applications requires an understanding
of amplifier distortion and noise behavior. Mini-Circuits has
worked closely with leading test-and-measurement suppliers

such as Agilent Technologies (www.agilent.com) to establish
proven measurement techniques for characterizing its broad-
band amplifiers under a variety of operating conditions (see
www.minicircuits.com/pages/pdfs/ Advances_in_Ultra-High_
Linearity_E-Mode_GaAs_PHEMT_MMIC_Ampliﬁers.pdf ).

Broadband amplification was once primarily considered a
requirement of measurement applications. Nevertheless, as
more commercial and defense systems move to higher-order
digital modulation schemes, wider signal bandwidths are need-
ed—and amplifiers are needed to process those bandwidths.
From Mini-Circuits, this is just a sampling of the latest crop
of broadband solid-state amplifiers with good output power,
reasonable gain, and excellent gain flatness.

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-0003:
(718) 934-4500, FAX: (718) 332-4661, www.minicircuits.com
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Product Trends
JEAN-JACQUES DEUSLE | Technical Engineering Editor

Test Chambers Analyze
Mega- To MiCro- s e

Sized Antennas

ANTENNA DESIGN IS quickly
advancing as space-borne antennas
grow bigger, millimeter-wave tech-
nology increases density, gallium-
nitride (GaN) technology widens
bandwidth, and radar systems push
the boundary on radiated power.
The extremes of antenna size, pow-
er, bandwidth, and complexity are
clearly expanding. These advance-
ments are placing a serious burden
onantenna test systems. As technol-
ogy evolves to allow more complex
and higher-bandwidth electronics,
test and measurement equipment is
able to better scale with the devices.

But these advancements do not
aid the test-chamber and test-
planning engineers. As a result,
test antenna companies that offer
anechoic, near-field, far-field, high-
power, and wide-bandwidth test
chambers have to take more creative approaches. This need is
underscored by the fact that the environments and platforms in
which these antennas operate are becoming more diverse and

(Courtesy of Astrium GmbH)

electrically populated.

From space-borne to airborne and automotive platforms,
multiband antennas and multi-antenna systems are finding their
way into every human-populated environment. This makes
highly accurate radiation tests critical and often necessary for
licensing purposes. Yet it is usually difficult to test larger antenna
structures, as the cost of shipping and assembly is prohibitive. A
creative solution to this problem is currently being prototyped
by Astrium GmbH (www.astrium.eads.net) in conjunction with
the European Space Agency as part of the Advanced Research in
Telecommunications Systems (ARTES) program.

The Portable Antenna Measurement System (PAMS) is being
designed to handle cases where it is difficult and expensive

100

1. The Portable Antenna Measurement System (PAMS) can
perform near-field probing along a planar or tilted sur-
face using laser trackers for precision measurements.

systems have rapidly evolved in
terms of size, power, and capability.

to build a dedicated test site or
ship large antennas to test sites
(Fig. 1). The system comprises
a multi-sensor node that can be
suspended and supported using
the existing crane infrastructure
of a satellite or antenna assem-
bly facility. Modular anechoic
shielding can be placed around
the antenna under test (AUT) for
| H X accurate antenna measurements.
S e The AUT also can be placed in an
''''' 4 echoic environment for diagnos-
tic antenna measurements. The
current PAMS prototype is being
demonstrated in a facility at the
Astrium Antenna Test Centre in
Munich, Germany.

The PAMS performs near-field
(NF) testing by probing with a
technique called the Fast Irregu-
lar Antenna Field Transforma-
tion Algorithm (FIAFTA). This algorithm uses the concept of
plane-wave expansion. Its speed is enhanced with the Multi-
level Fast Multipole Method (MLFMM). With this approach,
the PAMS isn’t bound by precise geometric scan profiles and
contours. As a result, it doesn’t have to go through a whole
matrix of a measurement grid to maintain accuracy. The sys-
tem can work in a free-form NF probing scheme with the exact
position of the probe actively tracked by commercially avail-
able laser trackers.

Because the PAMS uses the assembly infrastructure for the
large antenna, measurement volume isn’t limited by test-site
dimensions. As a result, the PAMS can be used to test a satel-
lite during assembly, in an integrated test facility, or even at the
launch site after the satellite has been transported. The PAMS
probe also can be modularly equipped with probes designed
for the specific frequency range desired for testing. The current
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2. The Spherical Near-Field Antenna Test Facility (SNFTF) can test an
antenna’s behavior in the near-field and extrapolate far-field behavior

using this data. (Courtesy of European Space Agency)

prototype is designed to test in the L-band and 33-GHz area of
the K-band for performance verifications this summer.

Astrium also offers traditional antenna test facilities, which
are capable of performing measurements for gain, swept fre-
quency, multi-frequency, equivalent isotropically radiated power
(EIRP), multi-beam, polarimetric radar-cross section (RCS), and
radar pulse modes. Among these solutions are the Compact
Antenna Test Range CCR 75/60, Cylindrical Near-field
Test Range CNTF-8, and Feed Calibration Test
Chamber. The CCR 75/60, which measures
5 x 5 x 6 m, covers frequency ranges from
1.5 to 200 GHz with optional 500-GHz capa-
bility. It is well suited for multi-beam and
multi-frequency antenna-pattern measure-
ments of dual linear or circular polariza-
tions (Fig. 2).

In contrast, the CNTF-8 offers a pla-
nar test area of 10 x 8 m or a cylindrical
test area of 6 x 8 m. The CNTF-8 covers
400 MHz to 100 GHz with a temperature
capability of ~60° to +80° C. It is primarily
designed for the acceptance and qualifica-
tion of lightweight and high-gain space-
craft antennas.

The Feed Calibration Test Chamber
is designed for calibration measurements of various feed
systems and NF probes for spacecraft antennas. The test zone
area is 0.8 x 0.8 x 0.8 m. The chamber can test systems to 40
GHz sunder the same temperature conditions as the CNTE-8.
For those looking to extend test power, environmental condi-
tions, and security, another option is Raytheon’s Antenna Test
Facility (ATF) in El Segundo, Calif. The ATF is designed for
testing prototype antenna technologies for space, advanced
radar, communications, and airborne systems.

GO TO MWRF.COM

3. Using a compact anechoic chamber with

integrated far-field and spherical near-field test-
ing could enable faster development times for

millimeter-wave devices. (Courtesy of Orbit FR)

Sporting a six-floor and 17,000-square-foot facility, the ATF’s
indoor anechoic chambers and compact ranges are protected
against environmental conditions and exterior RF interference.
The chambers’ exterior RF interference attenuation is greater
than 100 dB to 100 GHz. There are four chambers within the
ATF that can be used simultaneously. Chambers 1 and 2 feature
compact ranges integrated within the anechoic chamber. Each
chamber is equipped with positioners for rotating antennas,
analysis software equipment, control-room instrumentation,
and processing equipment.

An anechoic tapered chamber provides NF and far-field (FF)
measurement capability with cylindrical, spherical, or planar
methods. This chamber can be equipped with instruments that
enable testing from 0.2 to 34 GHz, 0.1 to 110 GHz, and even to
140 GHz. The planar-near-field (PNF) range has a 10-x-10-
ft. chamber that can house antennas to 8 ft. for 6-to-18-GHz
testing using Nearfield Systems’ PC-driven data-acquisition
software. Additional equipment can enhance this chamber for
analysis to 110 GHz. For antenna heavy lifting, the Georgia
Tech Research Institute (GTRI) offers a variety of test chambers
and ranges to support the largest loads.

In fact, the GTRI also boasts electromagnetic test and evalu-
ation facilities spanning 200 MHz to 110 GHz in the NF and
FF ranges. The GTRI features a planar/cylindrical NF range,
a spherical NF range, an anechoic chamber, an outdoor
FF range, and a turntable range. The turntable range
can support a load in excess of 200,000 lbs. and can
elevate approximately 90 ft. above the tower
base. This elevation capability enables the

range to test tank-sized targets to 32 deg.
of elevation at different angles. It also
}  can support vehicle-mounted antennas.
On the outdoor FF range, a three-axis
positioner can support 30-ft.-diameter
4| antennas to 30,000 Ibs. while provid-
ing high mechanical precision.

For those engineers looking to test
high frequencies in small spaces, the
Microwave Vision Group offers the
p-Lab (Fig. 3).This portable millime-
ter-wave test chamber measures 7 x
5 x 5 ft. It is mounted on caster wheels
with a folding tabletop side for an attached peripheral computer.
The test chamber can support devices to laptop size. It boasts
an offset column for chip measurements that can support
devices to 5 x 5 cm.

The frequency capability of the p-Lab is 50 to 110 GHz with
add-ons that can drop the frequency range to 18 GHz. To spe-
cifically test NF and FF chips, miniature connectorized anten-
nas, and portable electronics, the p-Lab has highly refined
elevation and azimuth-axis control assemblies. G
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Product Feature

JAMES TABER | Director of Marketing & Sales
X-COM Systems, 12345-B Sunrise Valley Dr., Reston, VA

Signal Editing Software
Creates Custom Waveforms

This PC-based software permits modifications to be made to captured signal files,
creating new files and signal formats with a single mouse click.

QR foiver

CAPTURED SIGNALS THAT can be
digitized, stored, and modified to

L2

create different signal sequences of
interest are in demand for a wide

range of applications, from elec-
tronic warfare to laboratory and
field testing of communications
and radar systems. Assisting the
process substantially is the latest
version of the RF Editor software
from X-COM Systems (www.xcomsystems.com). This offer-
ing allows flexible modifications on signal files of any length,
whether captured over the air, offloaded from a signal ana-
lyzer, or created in software tools such as MATLAB from The
MathWorks (www.mathworks.com). Using as many as 10
independent tracks (see figure), it allows users to trim, join,
repeat, lengthen, delay, filter, or shift signals in frequency.

The digital files resulting from monitoring small or even
very large swaths of spectrum can be long and occupy tera-
bytes of memory. Consequently, it is necessary to reduce these
files to include only those waveforms considered to be signals
of interest, which is complicated by the fact that they may
occur intermittently or randomly over a long period of time.
This task is one of many that can be performed by X-COM’s
Spectro-X signal analysis software, which uses four different
types of search engines to find the files and then create a new
file containing only the desired sections.

Since the RF Editor and Spectro-X software are seamlessly
integrated, a user need only transfer a file from Spectro-X to
RF Editor; it is then modified to the desired degree and can be
saved with a single mouse click to create a new, custom wave-
form file. The file can then be sent back to Spectro-X where
it can be used for testing as a stimulus, in EW systems, or in
signal-intelligence (SIGINT) systems.

RF Editor allows functions to be performed both sequen-
tially and automatically, such as frequency shifting, file deci-
mation, and bandpass filtering with bandwidths as narrow

102

RF Editor boasts 10 independent tracks into which waveforms or waveform sequences can be moved
and then reconnected to form a single file.

as 10% of a waveform segment’s span. Other features include
presets for fast frequency shifting and span adjustment, power
adjustment with 0.1-dB resolution, and the capability to apply
frequency offsets, interference, and noise.

Version 3.0 of RF Editor adds new features to earlier ver-
sions of the software while also being faster and easier to use.
Perhaps the most important of these features, stitching, allows
unwanted portions of spectrum-capture files identified in
Spectro-X to be eliminated or replaced with data from a dif-
ferent file. The files are then reconnected, producing versions
that are much smaller in memory size.

The new “group modify” function significantly reduces
the time required to modify the attributes of large numbers
of signal-capture files. The user now simply selects a group of
files to be modified, indicates the desired modifications from
the many choices provided by RF Editor, and the software will
make the modifications without operator intervention.

The new software also now supports the .xdat file format
used by X-COM’s VSG5000A multichannel signal generator
and IQC5000A RF capture, recording, and playback system.
These files contain much more information than standard .dat
files. RF Editor 3.0 and Spectro-X software, as well as trial ver-
sions of each, are available from X-COM.

X-COM SYSTEMS, 12345-B Sunrise Valley Dr, Reston, VA
2019; (571) 612-5490, e-mail: sales@xcomsystems.com, www.
xcomsystems.com
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Product Briefs

PXI SYNTHESIZERS RUN TO 4.1 GHz
CLOCK GENERATORS are now available in the modular
PXI format, for applications through 4.1 GHz with low phase
noise. Model BI401 is a frequency-synthesized square-
wave clock generator module from Brilliant Instruments
(www.b--inc.com) that fits within a single PXI instrument siot.
It is available in two basic models, with frequency ranges of
1 pHz fo 2.1 GHz (model BI401-2G) and 1z fo 4.1 GHz (mod-
el Bl401-4G), with both models capable of producing DC
outputs. The phase noise is only =102 dBc/Hz offset 10 kHz
from a 1-GHz carrier with outstanding performance in the
fime domain, with less than 0.5 ps jitter. The square-
wave synthesizer achieves frequency switching speed of
better than 250 ps.

The model Bl401 square-wave synthesizer provides single-
ended and differential output ports. The single-ended port
is capable of 6-V peak-to-peak out-
put amplitude; the differential port
offers 1-V peak-to-peak maximum
amplitude with 65-ps risetime.The
PXI frequency synthesizers include
a standard timebase of a 2-ppm
temperafure-compensated crystal
oscillator (TCXO), with an option
for an oven-controlled-crystal-
oscillator (OCXO) fimebase with
0.02-ppm accuracy.

These frequency synthesizers
incorporate Practically Perfect fre-
quency resolutfion to provide 20
digits of frequency resolution with
less than 1 ps of accumulated drift
per year. At 4 GHz, the frequen-
cy resolution is 0.1 nHz. The
frequency synthesizers, which
are ideal for a variety of applica-
fions in both test and measure-
ment and radar systems, con- Model BI401 is a synthesized
sume only 14 W power. They square-wave clock genera-
are shipped with operating
software that is compatible with  32-b PXi slot.

MS Windows and Linux operat-

ing systems and written in plain C++ language for ease of
porting fo other software environments. Each model BI401
frequency synthesizer is supplied in a 3U PXI module mea-
suring 5.1 x 7.3 in.and weighing 6.4 oz. (180 g).

BRILLIANT INSTRUMENTS, INC., 1600 West Campbell

Ave,, Ste. 206, Campbell, CA 95008; (408) 866-0426, FAX:
(408) 866-0431, e-mail: sales_inquiry@b--inc.com, www.
b-i-inc.com

tor that fits within a single
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AMPS TRIM NOISE

FROM 9 kHzTO 18 GHz

LOW-NOISE AMPLIFIERS (LNAs) that maintain spectral pu-
rity under a wide range of conditions will usually find a
place in many different systems, and a new family of LNAs
from Pasternack Enterprises (www.pasternack.com) prom-
ises excellent perfor-
mance from 9 kHz
to 18 GHz. Based on
GaAs pseudomor-
phic-high-electron-
mobility-transistor
(PHEMT) device
technology, the am-
plifiers are supplied
in compact mod-
ules with SMA co-
axial  connectors.
They are available
with noise figures
from 0.8 to 3.0 dB
and gain levels from 25 fo 50 dB, depending upon model
and frequency range.The output-power levels extend from
+10 fo +18 dBm.

As an example, model PE15A1001 offers a noise figure of
2 dB from 2 fo 4 GHz with 38-dB small-signal gain and +1-dB
gain flatness. It provides minimum saturated output power
of +13 dBm across its octave bandwidth and draws 200 mA
supply current from a +12-VDC supply.

At higher frequencies, model PE15A1004 operates from
12 to 18 GHz with noise figure of 3 dB and 38-dB small-
signal gain with +1 dB gain flatness. It also offers +13-dBm
saturated output power across its frequency range. For
lower noise figure, model PE15A1010 works from 2 to 6 GHz
with 0.9-dB noise figure and small-signal gain of 40 dB with
+1-dB gain flatness. It delivers +14-dBm output power at
1-dB compression and draws 90 mA current from a +12-
VDC supply.

Hermetic and nonhermetic versions are available; all of
the amplifiers are unconditionally stable with built-in volt-
age regulation, automatic bias sequencing, and reverse-
bias protection. for ease of installation in a wide range of
circuits and systems They are fully internally impedance
matched for use at 50 Q, eliminating the need for exter-
nal impedance-tuning components. The amplifiers are
designed for a broad operating temperature range of -40
to +85°C.The new LNA family features a fotal of 14 ampli-
fiers ready for shipment from stock.

PASTERNACK ENTERPRISES, 17802 Fitch, Irvine, CA 92614;
(949) 261-1920, www.pasternack.com

A line of packaged LNAs with coaxial con-
nectors covers a total frequency range of 9
kHz to 18 GHz.

103



InfoCenter

ADVERTISER PAGE | ADVERTISER PAGE
A M
AEROFLEX / INMET, INC. ... 8 MECA ELECTRONICS INC ..., 9
www.aeroflex.com/inmet www.e-MECA com, sales@e-MECA.com
AEROFLEX / WEINSCHEL, INC. ................cocoooooiiiiiiciieeecveeeeeeee 57

AETHERCOMM

CIAO WIRELESS INC ..ot

MINI-CIRCUITS/SCI COMPONENTS...12, 14-15, 23, 29, 30-31, 37, 41, 47,

51,55, 65,77, 85, 95, 99, 107 .. www.minicircuits.com; sales@minicircuits.com
MITEQ .. 71,73,75
www. miteq.com

NEXYN CORPORATION ... 16

NOISECOM ...t 4

CML MICROCIRCUITS (UK) LTD ...
COILCRAFT ...t 0

D
DBM CORP ... 24
www.dbmcorp.com
E
ELECTRONICA 2014 ... ..o 108
fnovak@munich-tradefairs.com
EUMW 2014, ... 93
www.eumweek.com
F
FREESCALE SEMICONDUCTOR(AUSTIN) ..., 87
www.freescale.com/Rfpowertool
H
HEROTEK INC ... e 13
www.herotek.com; info@Herotek.com
HITTITE MICROWAVE CORPORATION .............ooviiiiiiiieiieeeeeee 6
www. hittite.com; ads@hittite.com
1
BMS/IEEE ... e
www.IMS2015.0rg
3
JFWINDUSTRIES INC ..., 80
www. jfwindustries.com; sales@jfwindustries.com
K
KRYTARINC e

LPKF LASER & ELECTRONICS ...

M
M/A COM TECHNOLOGY SOLUTIONS, INC ...
.macom.com/gan

PASTERNACK ENTERPRISES ......................ooooiiiiii
www.pasternack.com

PHASE MATRIX INC. ... 22

www.ni-microwavecomponents.com/quicksyn

PHONON CORPORATION

S
SKYWORKS SOLUTIONS INC ... 67
www.skyworksinc.com; sales@skyworksinc.com
STANFORD RESEARCH SYSTEMS (SRS).............................ccooooiiiiii. 63
www.thinkSRS.com
SYNERGY MICROWAVE .................cocoiiiiiiiiiiiiiii L 45, 61,91
www.synergymwave.com, Sc]es@sy"ergymwﬂve. com

T
TRM MICROWAVES ...........coooiiiiiiiiiieee e 53

www.gore.com/test

This index is provided as an additional service by the publisher, who assumes no
responsibility for errors or amissions.

Subscription Assistance and Information:

(ISSN 0745-2993)

Microwaves & RF is published monthly. Microwaves & RF is sent free to
individuals actively engaged in high-frequency electronics engineering.
In addition, paid subscriptions are available. Subscription rates for U.S.
are $95 for 1 year ($120 in Canada, $150 for International). Published by
Penton Media, Inc., 9800 Metcalfe Ave., Overland Park, KS 66212-2216.
Periodicals Postage Paid at Shawnee Mission, KS and at additional mail-
ing offices.

POSTMASTER: Send change of address to Microwaves & RF, Penton
Media Inc., P.O. Box 2095, Skokie, IL 60076-7995. For paid subscription
requests, please contact: Penton Media Inc., P.O. Box 2100, Skokie, IL
60076-7800. Canadian Post Publications Mail agreement No. 40612608.
Canadian GST# R126431964. Canada return address: IMEX Global Solu-
tions, P.O Box 25542, London, ON N6C6B2.

104

Back issues of MicroWaves and Microwaves & RF are available on micro-
film and can be purchased from National Archive Publishing Company
(NAPC). For more information, call NAPC at 734-302-6500 or 800-420-
NAPC (6272) x 6578. Copying: Permission is granted to users registered
with the Copyright Clearance Center, Inc. (CCC) to photocopy any arti-
cle, with the exception of those for which separate copyright ownership is
indicated on the first page of the article, provided that a base fee of $1.25
per copy of the article plus 60 cents per page is paid directly to the CCC,
222 Rosewood Dr., Danvers, MA 01923, (Code 0745-2993/02 $1.25
+.60) Copying done for other than personal or internal reference use
without the expressed permission of Penton Media, Inc., is prohibited.
Requests for special permission or bulk orders should be addressed in
writing to the publisher.

Copyright 2014  Penton « All rights reserved. Printed in the U.S.

JUNE 2014 MICROWAVES & RF



microwavesarf DirectConnection TO ADVERTISE, CONTACT A SALES REPRESENTATIVE at http://mwrf.com/advertising

Device Switching Time Testers from AvrecH

Avtech offers a full line of ultra fast pulsers for
switching time testing of diodes, transistors, opto-
isolators and phototriacs. Some of our standard
models include:

AVR-EB2A-B: +100 mA pulser for switching diode tgq tests . %
AVR-EB4-B: +2A/-4A pulser for ultra-fast rectifier ty, tests ; FO r d | g Ita I a d
AVR-EB5-B: +2A/-4A pulser for PIN diode tgy tests ; N f_ t =
AVR-CD1-B 100 to 200 A/us pulser for diode di/dt ty tests | ¥ specitication
AVR-EBF6-B: +50 mA to +1A pulser for diode t: tests i p S
AVR-D2-B:  MIL-5-19500 transistor switching time tests :

AVR-DV2-B: +2 kV pulser for dV/dt transient immunity tests Model AVR-CD1-B
output waveform
2AIDIV
40 ns / DIV

Pricing, manuals, datasheets, test results:

www.avtechpulse.com/semiconductor A
Tel: 888-670-8729 Fax: 800-561-1970 AVTECH .bn

info@avtechpulse.com

The Original Electronics Parts Search & Procurement Tool

Search Parts L O,

Manufacturer

SEARCH PARTS

FAST

Your Trusted Source
www.SourceESB.com
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New Products

BAW Filters Screen 2.4 GHz
A PAIR of bulk-acoustic-wave (BAW) filters developed by
TriQuint for wireless applications af 2.4 GHz—
such as Bluetooth and wireless-
::cc:l-ore\_o-nefwork (WLAI.\J) - . Q u-‘nt
ystems—that must coexist with Trl 5052
Fourth-Generation (4G) networks 33
is now available from the firm'’s
stocking distributor, RFMW, Ltd. Models
885062 and 885071 pass desired WiFi
signals and provide high rejection in adjacent 4G

Long-Term-Evolution (LTE) cellular bands while fitting into

compact housings measuring just 1.4 x 1.2 x 0.46 mm.
Model 885062 exhibits maximum insertion loss of 1.7 dB

in the WiFi passband, with out-of-band rejection of 53 dB

from 2300 to 2365 MHz and 58 dB from 2365 o 2370 MHz.

Model 885071 has maximum WiFi passband insertion
loss of 1.9 dB, with out-of-band rejection of 53 dB

from 2300 to 2370 MHz and 55 dB from 2496

o 2501 MHz. Both filters are rated for

I average power-handling capability

" to +28 dBm, and both are AEC-Q200

f' qualified for automotive applications.

[ REMW, LTD. (sfocking distributor for Tri-

" Quint), 188 Martinvale Lane, San Jose, CA

95119; (408) 414-1450, e-mail: info@rfmw.com,

www.rfmw.com

Caps Extended For
COTS Applications
THE APS series of multi-
layer ceramic capacitors
(MLCCs) for commer-
cial off-the-shelf (COTS)
applications has been
extended with the addi-
tion of high-temperature R
models.The APS series MLCCs are
available in six case sizes from 0603

to 2220; in six voltage ranges span-

ning 16 to 500 V; and with

. capacitance values from

10 pF to 22 uk They are

- available with four differ-

. ent dielectric materials

. (NPO, X7R, X8R, and X8L),

- three capacitance toler-

ances (5%, £10%, and

BN +-20%). and a number of
different termination choices. When
tested to military-standard (MIL-STD)
requirements, the capacitors exhibit

Plastic-Pack GaN Powers 3.8 GHz

BOOSTING SIGNAL levels at high frequencies offen requires efficient transis-
tor power, and a line of gallium-nitride (GaN) high-electron-mobility-transistor
(HEMT) devices from Cree helps cut costs with economical packaging.
Supplied in plastic dual-fiat nodeads (DFN) surface mount packages, these
affordable transistors are meant to compete with silicon and gallium-arsenide
(GaAs) devices for applications from 0.7 fo 3.8 GHz. The
product line includes 15- and 30-W output-
power transistors for use at +28 and
+50 VDC, in such systems as Long-Term
Evolution (LTE) cellular networks. In one
reference design, the devices are capable
of approximately 50% drain efficiency of
10-W average output power and 16-dB linear
gain from 2.5 to 2.7 GHz. Samples and reference designs are available for the
30-W model CGH270308S, the 15-W model CGHV27015S, and the 30-W model
CGHV27030S GaN HEMT transistors.

CREE, INC., 4600 Silicon Dr., Durham, NC 27703; (866) 924-3645, (919) 287-7888,
www.cree.com
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a low failure rate of less than 1 ppb.
They are suitable for applications in
military, aviation, and telecommuni-
cations circuits.

AVX CORP., One AVX Blvd., Fountain
Inn, SC 29644; (864) 967-2150,
www.avx.com

Mixers Convert 2 To 18 GHz

THE MICROLITHIC line of in-phase/
quadrature (1Q) frequency mixers
covers bands of 4 to 16 GHz and 2 to
18 GHz in compact housings.These
mixers, with as much as 30-dB typical
unturned sideband suppression,
include the 2-to-18-GHz model MLIQ-
0218, with a 3.5-GHz-wide intermedi-
ate-frequency (IF) band and 18-dB
sideband suppression.The mixer

also provides 40-dB typical isolation
between the local-oscillator (LO) and
RF ports. Suitable for radar, electronic-
warfare (EW), and test-and-measure-
ment applications, the mixer line also
includes the 4-to-16-GHz model MLIQ-
0416, with IF range of DC to 3.5 GHz
and typical conversion loss of 5.5 dB
for RF/LO input levels to +8 dBm.
MARKI MICROWAVE, INC., 215 Vine-
yard Ct., Morgan Hill, CA 95037; (408)
778-4200, FAX: (408) 778-4300, e-mail:
info@markimicrowave.com, www.
markimicrowave.com
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Programmable

0-30, 60, 0r 90 dB 1 MHz to 6 GHz

Mini-Circuits programmable attenuators give you
more options and more freedom with both USB and
Ethernet control. Available in versions with maximum
attenuation of 30, 60, and 90 dB with 0.25 dB
attenuation steps, all models provide precise level
control with accurate, repeatable performance for a
wide range of test applications. Our unique designs

Models Attenuation Attenuation
Range Accuracy
RUDAT-6000-30 0-30dB +0.75 dB
New RCDAT-6000-30 0-30dB +0.75 dB
RUDAT-6000-60 0-60dB +1.00 dB
RUDAT-6000-90 0-90dB +1.70 dB
new RCDAT-6000-60 0-60dB +0.30 dB
New RCDAT-6000-90 0-90dB +0.40 dB

ENUATORS

x5

maintain linear attenuation change per dB over the entire
range of attenuation settings. Supplied with user-friendly
GUI control software and everything you need for immediate
use out-of-the-box, Mini-Circuits programmable attenuators
offer a range of solutions to meet your needs and fit your
budget. Visit minicircuits.com for detailed performance
specs, great prices, and off-the-shelf availability!

o RoHS compliant

Step USB Ethernet RS232 Price

Size  Control Control Control §$ ea.
0.25 dB v - v $395
0.25 dB v v - $495
0.25 dB v - v $625
0.25dB v - v $695
0.25 dB v v - $725
0.25 dB v v - $795

[ JMini-Circuits’

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



New Products

Hybrid Couplers

Cut Losses To 3.4 GHz

A SERIES of low-loss, wideband hybrid
couplers is represented by the models
WHO530TF and WH1727F, which are
part of the HybriX signal-distribution
family of products. Model WHO530TF

is a hybrid coupler optimized for use

from 0.5 to 3.4 GHz and ideal for use
in switch networks, in antenna feeds,
and with power ampilifiers. It provides
at least 20-dB isolation from 500 to
3400 MHz, with maximum insertion
loss of 0.5 dB.The maximum voltage
standing-wave ratio (VSWR) over that
frequency range is 1.20:1.The model

WH1727F hybrid coupler is well suited
for 4G Long-Term Evolution (LTE)
applications from 1700 to 2700 MHz.
Over that range, it achieves low typi-
cal insertion loss of 0.1 dB with 30-dB
typical isolation between ports. Both
couplers -are designed for operating
temperatures from -55 to +85°C.
EMC TECHNOLOGY, 8851 SW Old
Kansas Ave., Stuart, FL 34997; (772)
600-1608; www.emc-rflabs.com

Tiny Trimmers Reach To 10 GHz
SAPPHIRE TRIMMER capacitors in the
V@000 series are miniature com-
ponents that offer tunable capaci-
tances from 1 fo 12 pF in compact
housings. In spite of being only 0.64
in. across af the minimum capaci-
tance value, these components are
rated for working voltages fo 2 kV
and can handle voltages as high
as 3 kV at frequencies as high as 10
GHz.The sapphire trimmers maintain

stable performance with time and
temperature and are mechanically
strong and moisture resistant. They
feature high quality factor (Q) of
3000 minimum at 100 MHz, and they
are compatible with SAC 305 reflow
solder processing. These nonmag-
netic trimmers are well suited for
applications in magnetic-resonance-
imaging (MRI) circuits and systems
according fo the firm’s strict trace-
ability and testing regimes.

KNOWLES CAPACITORS, Old Stoke Rd.,
Arminghall, Norwich, Norwalk NR14
85Q, United Kingdom:; +44 (0) 1603
723310, FA: +44 (0) 1603 723301,
www.knowlescapacifors.com
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Welcome to Planet e.

26th International Trade Fair for Electronic
Components, Systems and Applications
Messe Minchen, November 11-14, 2014
www.electronica.de

Contact U.S. Office: Francesca Novak

Phone: 646.437.1016 | fnovak@munich-tradefairs.com
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For your “swéet tooth™, ..
eMiniature
Variable Attenuators

gands from [VC—18GHz

Some models feature:
v Extremely flat
attenuation vs.
frequency response
v Constant phase

j  with £ attenuation,
‘8 The ultimate in
reliability, and

wear-free performance
...achieved with ARRA’s
non-contacting method
of attenuating.

Most units incorporate
ARRA’s proprietary

% attenuating elements which give
excellent stability over a wide
temperature range,

Customerized to your requirements,
Call us, write or Fax your specs to 631-434-1116

... the last word in variable attenuators

" ARRA . .

15 Harold Court, Bay Shore, N.Y. 11706 * 631-231-8400

Visit our website at www.arra.com
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As a global provider of noise generators, modules, diodes
and specialized test solutions we are ready to meet your

present needs, as well as address your future applications.

For more information visit: www.noisecom.com or call
+1 973-386-9696.

@ Wireless Telecom Group

Boonton Microlab Noisecom

* RF & Microwave AWGN
* Digital Noise Generation

* Satellite Communications
(BER, Eb/No)

* Wireless (WIMAX & LTE)

* >60 GHz Noise Figure

* Serial Data Compliance
(Jitter, Rj)

* Wireless HD Testing

* Receiver & Antenna
Calibration

Noisecom
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