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BETTER BUILDINGS.

BETTER CARE.

For next-generation DAS,
there’s only one name for passives.

It's simple. Better signals equal better care. Today's hospitals personify

the need for next-level Distributed Antenna Systems (DAS). And the

engineers that are building them turn to MECA for passive components.
American ingenuity and 52 years of experience have resulted in the deepest,
most reliable product line of ready-to-ship and quick-turn solutions, such as:

Power Dividers Up to 16 way and 18 GHz
Attenuators Up to 60dB and 500W
Terminations Up to 500W

Couplers Up to 40dB and TkW

Integrated Rack Units Delivered in 3-6 weeks

They come with an industry leading 3 year guarantee and true MECA pride.
Ready to build a better DAS? Start with a visit to www.e-MECA.com.

Microwave Electronic Components of America
The Professional’s Choice for RF/Microwave Passive Components
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Picoprobe elevates m;'o

Since 1981, GGB Industries, Inc., has
blazed the on-chip measurement trail with
innovative designs, quality craftsmanship,
and highly reliable products. Our line of
custom microwave probe cards continues
our tradition of manufacturing exceptional

testing instruments.

modular
techniques, hundreds of low frequency
probe needles and a variety of microwave
probes with operating frequencies from DC
to 40, 67, or even 110 GHz can be custom
configured to your layout.

Through unique design

GGB INDUSTRIES, INC. -

Telephone (239) 643-4400 -

¥/ 5

Wil

L=
-

20NN

7 ”'ll\

cards to a higher level...

(-..110 GHz to be exact.)

Our patented probe structures provide the
precision and ruggedness you require for
both production and characterization
testing. And only Picoprobe® offers the
lowest loss, best match, low inductance
power supplies, and current sources on a
single probe card.

Our proven probe card design technology
allows full visibility with inking capabil-
ity and ensures reliable contacts, even when
probing non-planar structures.

P.0. BOX 10958 -
Fax (239) 643-4403 «

E-mail email@ggb.com

Not only do you get all the attractive
features mentioned, but you get personal,
professional service, rapid response, and
continuous product support--all at an
affordable price so your project can be
completed on time and within budget.

Typical Specs 10GHz 20GHz 40GHz
Insertion Loss 0.6 dB 0.8 dB 1.3 dB
Return Loss 22dB 18dB 15dB

For technical assistance, custom product
designs, or off-the-shelf delivery,call
GGB Industries, Inc., at (239) 643-4400.

NAPLES, FL 34101

www.picoprobe.com
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POWER
SPLITTERS/
COMBINERS

noW 2 kHz 1018 GHZ 1 :79°

The Industry’s Largest Selection includes THOUSANDS
= of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in coaxial,
flat-pack, surface-mount, and rack-mount housings for 50 and 75 Q systems.

&-':' ‘- From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners offer
outstanding performance for insertion loss, isolation, and VSWR.
Decades of experience with multiple technologies make it all possible, from

- 4 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.

- Y+ All Mini-Circuits catalog models are in stock,

: continuously replenished, and backed by our 1-year guarantee. We even list

% - - -~ current stock quantities and real-time availability, as well as pricing, to
help our customers plan ahead and make quick decisions.

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

— o RoHS Compliant
Product availability is listed on our website.

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

Q k - - - - ®
[JMini-Circuits
ISO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

v Qﬁ@
&;’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see.minisi%lih..m

U.S. Patents
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The Smallest ANMUERTITEST
High Frequency Filte QEICKATING

®
-

ITCAVIATKCL

High Frequency Thin Film Filters
from Dielectric Laboratories offer
advantages of small size, low
weight and superior temperature-
stable properties over traditional

% e

Ny Cusiom Trin F components.
DLI's unique ultra-temperature stable
ceramics offer the best answer to
temperature guard banding a design

Frequency in dB

with minimal frequency drift from -55°C
to +125°C. Combined with our Hi-K
ceramics, DLI can offer extremely small
and lightweight micro-strip filters for any
environment whether Military, Space or
Commercial requirements apply.

To find out how DLI can save you spa
weight contact us or go to our we
more information.

Advancing the P
in Ceramic Co

DIELECTRIC
LABORATORIES
B DOVER oosraey

ANAB Solder Surface Mount Filters to 43 GHz

ACCREDITED

ROWAVE Fﬂl![ﬂ_'{,’[ﬂ. BSC FILTERS @ DOW-KEY MICROWAVE ® NOVACAP @ SYFER TECFH H
www.dilabs.com
DIELECTRIC LABORATORIES ® K&L MICROWAVE @ POLE/ZERO



http://www.dilabs.com

Supporting
Space Exploration
through the Development
of Innovative
Technology.

K&L Microwave has contributed
to the aerospace industry for
forty years and has been part
of the following programs:

Apollo 17

Mars Science Lab

Mars Opportunity Rover
Mars Spirit Rover

Iridium Satellite Constellation
“ CHIRP

“h“_ 5 GPS-3

GPS-R

V-Sensor
Thuraya
MSV
OCEANSAT 2

Voltronics, the Trimmer Capacitor Company, is now located
at the K&L Microwave facility in Maryland. An experienced %‘iﬁﬂ ;
manufacturing and engineering staff is available to offer the
same well-respected and extensive line of products.

-

CERAMIC & MICROWAYE PRODUCTS  BSGFRTERS * DOWKEY MIGROWAVE * W
[ p—— i >_.g__|-=ué:-jmm<nm DIELECTAIC LABORATORIES: * KAL MICROWAVE * POLE
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Integrated Microwave
Assemblies

Communications & Power Industries

Communications & Power Industries’ Beverly Microwave Division (BMD) offers product
technology that includes Integrated Microwave Assemblies and Control Components.
BMD’s broad experience and extensive capabilities in the areas of high power microwave
component design for military and non-military radar, satellite, communications, and EW
systems makes it uniquely suited to design and manufacture a wide range of components
and multi-function assemblies in small, lightweight packages. Coupling that with our
experience in other transmission lines and technologies gives us a technical capability
that is unparalleled in the microwave industry.

Multi-function components Communications & Power Industries
RF front ends Beverly Microwave Division

S\.mtches & attenua.tors 150 Sohier Road
High level assemblies & modules Beverly, MA 01915
Design capability up to 40 GHz Phone: (978) 922-6000
Power handling to 1 MW+ peak Fax: (978) 922-2736
Integral driver & associated electronics marketing@bmd.cpii.com
The industry’s most extensive high power test facility www.cpii.com/bmd
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Bring your 3G/4AG iits time to bring your
Testing to a Solid State test systems to the digital

age, look to the leaders in
solid-state programmable

attenuation.

(DEROFLEX I

WEINSCHEL

leadership and product
development, Aeroflex /
Weinschel's newest DC

to 6 GHz MMIC digital
attenuation solutions
include USB/TTL
controlled attenuators and
Ethernet controlled rack

mountable subsystems.

Designed with budget
and performance
concerns in mind, these
devices offer superior RF
characteristics suitable for

automated bench testing

DC tO 6 GHZ — in wireless backhaul,

Programmable Attenuator Solutions fading simulation, and

other high-performance

wireless applications.

800-638-2048 / 301-846-9222

www.aeroflex.com/weinschel

= — = ITHCIAMMARLE ATTTHLIATCR LINIT
AEROFLEX / WEINSCHEL

weinschel-sales@aeroflex.com

) © ®

8331 Series
Ethernet Controlled

Configurations up to 12 channels

(\EROFLEX

A passion for performance.

Electromechanical & Solid-State designs
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Cover Feature

22 CMOS Makes Waves in the Mobile Front-End

Eric Higham, Strategy Analytics
Transformer

24 Less is More: The New Mobile RF Front-End

Peter Carson and Steve Brown, Qualcomm
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SYNCHRONIZATION BUS

POWER
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Technical Features

Z6 PHEMT Distributed Power Amplifier
Adopting Broadband Impedance

K. Narendra, Motorola Technology; E. Limiti, C.
Paoloni, University of Roma Tor Vergata; and V.

Zhurbenko, Technical University Denmark

MVP: Most Valuable Product

36 Real-Time USB Power Sensor

Boonton

Perspective

40 Powering the Next Seven Billion Voices
Samuel Cho, RFHIC Corp.

Science and Technology of China

Special Report

66 Envelope Tracking Fundamentals and Test
Solutions

Sean Ferguson and Haydn Nelson,
National Instruments

56 YEARS OF PUBLISHING EXCELLENCE

84 Compact Triple-Band Bandpass Filter With
Multimode Resonator
Haiwen Liu, Jiuhuai Lei, Yulong Zhao and
Wenyuan Xu, East China Jiaotong University

92 wide Stopband Bandpass Filter Based on
Composite Right/Left Handed
Transmission Line

T. Pan, K. Song and Y. Fan, University of Electronic
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High-power GaN in
Space-saving Plastic

gow, 50w, 15w Transistors in 3 x 6 mm Packages
for Military/ATC Radar, IFF & Satcom Applications

Experience transistors that combine the power
of GaN with the size, weight and cost savings
only true SMT packaging delivers. Using decades
of pulsed power experience our engineers have
designed these devices to be rugged, highly
reliable and with excellent thermal performance
for demanding pulsed applications.

101.05
93W output power
shows 113 °C junction
temperature 3x 6 mm
dual flat no-leads
89.09 (DFN) package
3
a
€
77.3 e

Fully tested and ready to ship, GaN in Plastic
transistors arm your applications with dramatic
size and weight advantages compared to ceramic
packaging. Yet, they are designed to achieve
similar moisture resistance and operating
temperatures for applications up to 3.5 GHz.

Only MACOM gives you the highest power of
GaN in elegantly simple, yet extremely reliable
plastic packaging.

Order samples and get more information at
www.macomtech.com/gan

MACOM.

Partners in RF & Microwave
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Redefining RF and
Microwave Instrumentation

with open software and modular hardware

ﬂl#,f_,l‘li.-i |

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

WIRELESS TECHNOLOGIES

National Instruments supports a broad
range of wireless standards including:

LTE GSM/EDGE
802.11a/b/g/n/ac CDMAZ2000/EV-DO
WCDMA/HSPA/HSPA+  Bluetooth

‘7 NATIONAL
’ INSTRUMENTS


http://ni.com/redefine
http://ni.com
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”
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Fundamental Tradeoffs for Space, Air and UAV SAR On Demand after 6/10 h&m ‘
Sponsored by: Rohde & Schwarz | ean 0 &
Agilent in Aerospace/Defense m \',O'fo I
LTE Design and Test Challenges for Public Safety Radio Ope'f& : 1
and SDR Applications 6/12 1 iple © .
0
Innovations in EDA B Look for our Wjo nal.C 3
by: Agilent Technologies survey onlin -
Beyond CMOS vs. GaAs - Finding the Best Technology ‘ m = -
Mix for a Handset PA 6/13 - ==
Agilent in Wireless Communications
MIMO Over the Air (OTA) Handset Performance and Testing 6/27
April Survey
Executive Interviews What medium
do you design for?
L

Waveguide [46 votes] (39%)

PCB (Cu clad laminates) [27 votes] (23%)

-

o A

Ceramics (Alumina, LTCC, etc.) [4 votes] (3%)
'ﬁ‘

i MMIC & RFIC [20 votes] (17%)

A\
Wh Ite Pa pe rS Mixed Mediums [20 votes] (17%)

Solutions for LTE Design and Verification - Functional Testing
of LTE User Equipment
Agilent Technologies

Advanced VNA Cable Measurements
Anritsu

“S” Series Amplifiers Produce Higher Power, Higher Fidelity
Signals For Testing Wireless Output Devices Check Out

AR RF/Microwave Instrumentation These Channels

RF/Microwave EDA Software Design Flow Considerations for
PA MMIC Design

AWR Channels
Achieving New Levels of Channel Density in

Downstream Cable Transmitter Systems: RF DACs Deliver
Smaller Size and Lower Power Consumption

Richardson RFPD

Overview of Tests on Radar Systems and Components
Rohde & Schwarz

Introduction to Radar System and Component Tests
Rohde & Schwarz

T&M Solutions for Software Defined Radios (SDR)
Rohde & Schwarz
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Why Settle for <80dBm IIP2?

RFy

e 4

LOwy

LTC5585

A

P2
ADJ

OFFSET
ADJ

LTC2158-12
310Msps ADC

True Zero-IF with >530MHz I/Q Demodulation Bandwidth,

IIP2 and Offset Tuning

Achieve a high performance true ZIF receiver using the LTC®5585 1/Q demodulator with integrated adjustable IIP2 to
>80dBm and DC offset nulling. With tuning, its 530MHz demodulation bandwidth can be extended to over 600MHz at
gain flatness of +0.5dB.

Features LTC5584 LTC5585
Frequency Range | 30MHz to 1.4GHz | 700MHz to 3GHz
v Demodulation | gao; >530MHz
1IP3 31dBm@450MHz | 25.7dBm @1.9GHz
Adjustable 11P2 >80dBm >80dBm

Do Offsetl Yes Yes
Cancellation

11P2 (dBm)

LY HNER

120
110
100
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80
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4
0 0.10.20.3040.50.6 0.7 0.8 0.9 1.0

IIP2 Optimization vs Trim Voltage

-=0,-40°C fgr = 700MHz
--0,25°C

--0Q, 85°C

--0,105°C

WV Info & Free Samples

www.linear.com/IQdemod

IP21, 1P20 (V)

1-800-4-LINEAR

www.linear.com/dn1027

AT, LT, LTC, LTM, Linear Technology and the Linear logo are
2 de ks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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+20 dBm Power AmBIifiers with a choice of gain

GVA AMNPLIFIERS

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

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

US patent 6,943,629

DC* to 7 G/_/Z from 94¢ea. (qty.1000)

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

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

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

—® P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@.‘;’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicin:i uits.com

.S. Patents
7739260, 7761442
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458 rev J


http://minicircuits.com
http://minicircuits.com

Mark Your Calendar

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY

7 8 © 10 11 12 13

{...................... &(}32013 m’““":‘*—- ................}

Sciance Maating

.f}mﬁﬁ.ﬁ GEEE ¢ <©>

...... A T e e T

14 15 16 17 18 19 20

Webinar:
Vector Modulation
and Frequency
Conversion
Fundamentals
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Agilent Technologies

21 22 23 24 25 26 27
Webinar: Webinar:
FieldFox Innovations
in Wireless
Spomsored by Communications

Agilent Technologies

Sponsored by

Agilent Technologies
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Webinar:
Innovations in EDA

Sponsored by

Agilent Technologies

Go to: mwiournal.com/events
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SWITCHES

NORDEM
MILLIMETER

PHONE (530) 642-9123
FAX (530) 642-9420

Coming Events

CALL FOR PAPERS
AEMC 2013
Deadline: July 13, 2013

RWW 2014
Deadline: July 22, 2013

IMS 2014
Deadline: September 10, 2013

EDI CON 2014
Deadline: September 30, 2013

WAMICON 2014
Deadline: February 14, 2014

mwjournal.com

Jury

COMSOL CoNrereNce 2013
October 9—11, 2013 ® Boston, MA

www.comsol.com/conference2013/usa

PHASED ARRAY 2013

IEEE INTERNATIONAL SYMPOSIUM ON PHASED
ARRAY SYSTEMS & TECHNOLOGY

October 15-18, 2013 @ Boston, MA

www.array2013.org

Microwave UppATE 2013
October 1819, 2013  Morehead, KY

www.microwaveupdateeorg

IEEE COMCAS 2013

INTERNATIONAL CONFERENCE ON MICROWAVES,
COMMUNICATIONS, ANTENNAS AND ELECTRONIC
SYSTEMS

October 21-23, 2013 © Tel Aviv, Israel
WWW.COMCas.org

IEEE AP-S/USNC-URSI SYMpOsium
July 7-12, 2013 ® Lake Buena Vista, FL

www.2013apsursi.org
AUGUST EMOr1E

IME/CHINA 2013

8™ INTERNATIONAL CONFERENCE AND
EXHIBITION ON MICROWAVE AND ANTENNA
October 23-25, 2013 ® Shanghai, China

WWW.imwexpo.com

NIWEeek 2013
August 5-8, 2013 ® Austin, TX

EMC 2013

IEEE INTERNATIONAL SYMPOSIUM ON
ELECTROMAGNETIC COMPATIBILITY
August 5-9, 2013 ® Denver, CO

www.emc2013.0rg

AUVSI's UNMANNED SYSTEMs 2013
August 12-15, 2013 ® Washington, D.C.

SEPTEMBER

4G WortLb 2013
October 28-30, 2013 ® Dallas, TX

www.4gworld.com

NOVEMBER
APMC 2013

AsiA-PAcIFic MICROWAVE CONFERENCE
November 5-8, 2013 ® Seoul, Korea

www.apmc2013.org

2013 LOUGHBOROUGH ANTENNAS &
PROPAGATION CONFERENCE
November 11-12, 2013 ® Loughborough, UK

www.lapconf.co.uk

IRMMW-THz 2013

38™ INTERNATIONAL CONFERENCE ON INFRARED,
MILLIMETER AND TERAHERTZ WAVES

September 1-6, 2013 ® Mainz, Germany
www.theconference2013.com

MMS 2013
13™ MEDITERRANEAN MICROWAVE SYMPOSIUM
September 2-5, 2013 * Saida, Lebanon

www.iutsaida.ul.edu.lb/mms2013

ICUWB 2013

IEEE INTERNATIONAL CONFERENCE

ON ULTRA-WIDEBAND

September 15-18, 2013  Sydney, Australia

www.icuwb2013.org

ION GNSS+ 2013
September 16-20, 2013 ® Nashville, TN

Www.ion.org

OCTOBER

AMTA 2013

35™ ANNUAL SYMPOSIUM OF THE ANTENNA
MEASUREMENT TECHNIQUES ASSOCIATION
October 6-11, 2013 ® Columbus, OH

www.amta2013.org
EuMW 2013

EUROPEAN MICROWAVE WEEK
October 6-11, 2013 ® Nuremberg, Germany

www.eumweek.com
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MILCOM 2013
MiLITARY COMMUNICATIONS CONFERENCE
November 17-20, 2013 ® San Diego, CA

www.milcom.org

DECEMBER

IMARC 2013

IEEE INTERNATIONAL MICROWAVE AND

RF CONFERENCE

December 14-16, 2013 ® New Delhi, India

Www.imarc-ieee.org

AEMC
4™ AppLIED ELECTROMAGNETICS CONFERENCE
December 18-20, 2013 ® Bhubaneswar, India

http://ieee-aemc.org ‘«
JANUARY 2014 W

IEEE RWW 2014
RADIO WIRELESs WEEK
January 20-23, 2014 * Newport Beach, CA

www.radiowirelessweek.org

FEBRUARY 2014

MogiLE WORLD CONGRESS
February 24-27, 2014 * Barcelona, Spain

www.mobileworldcongress.com
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CMOS Makes
Waves in the
Mobile Front-En

consecutive years of growth and it closed

2012 with revenues of slightly more than
$5.3 billion. This expansion began in 2004, and
GaAs device revenue has more than doubled
since then. That this expansion occurred with
the commercial wireless communications era
is no coincidence. The GaAs device industry
has benefitted enormously from rapid growth
in mobile handset adoption as power amplifiers
and switches have formed the RF backbone in
increasingly sophisticated mobile phone de-
signs. As wireless standards evolve to HSPA+
and LTE and countries designate new frequen-
cy bands to satisfy the insatiable desire for data
consumption, the RF content in the front-end
of handsets increases. Strategy Analytics esti-
mates that the combination of increasing mo-
bile device shipments, coupled with a trend of
higher GaAs dollar content per device drove
this segment to more than 55 percent of total
GaAs device revenue in 2012. With handset
shipment increases forecast in 2013 and smart-
phones continuing to capture market share, it
would seem GaAs device revenue is poised for
continued long-term growth, but recent an-
nouncements signal a threat.

Just prior to Mobile World Congress in late
February, Qualcomm officially launched its
RF360 family of CMOS-based front-end prod-
ucts, consisting of multimode, multiband PAs,
envelope tracking (ET) power management
ICs, antenna tuners and modular packaging
for PAs, switches and filters. Qualcomm’s pre-
conference announcement shook investors on
Wall Street as most GaAs PA manufacturers
saw their stocks drop significantly after the an-
nouncement. In addition to the investors, the
announcement also prompted power amplifier
suppliers and envelope tracking (ET) special-
ists to release a flurry of competitive counter-

The GaAs device industry has posted eight

announcements, with no fewer than 10 compa-
nies releasing new details at MWC about how
they will support LTE devices with multimode,
multiband PAs (MM-PA) and ET.

Qualcomm announced that it developed
this family of handset RF front-end component
solutions to address the problem of band frag-
mentation, a barrier to the success of its LTE
chipsets. With the company occupying a domi-
nant position as an LTE chipset supplier, they
have a large stake in enabling the anticipated
fast growth of the LTE mobile device market.
The solution introduces several innovations to
the PA market. While lower tier GGE handsets
have increasingly used CMOS PAs over the
past two years, this is the first commercial mul-
timode, multiband PA fabricated in CMOS. It
is also the first PA to include monolithic on-
chip distribution and antenna switches, as well
as the first production CMOS PA designed to
work with ET and support LTE.

As expected, the GaAs community has of-
fered counterpoints to Qualcomm’s RF360
family of front-end products. The main criti-
cism centers on the belief that the traditional
approach of mixing and matching GaAs-based
PAs, PMICs, duplexers, filters and switches
will always provide the best possible solution in
terms of efficiency, performance and flexibility.
Ultimately, the market will decide the best so-
lutions, and many more developments in both
technologies will probably occur before the
best path emerges. However, with more than
half of existing GaAs device revenue poten-
tially at risk, the Qualcomm CMOS announce-
ment has definitely captured the attention of
GaAs device manufacturers.

ERICc HIGHAM
Strategy Analytics, Boston, MA
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Less is More: The New Mobile RF Front-End

PETER CARSON AND STEVE BROWN

Qualcomm, San Diego, CA

he printed circuit board area
I inside of a smartphone has
become the second most pre-
cious—and contested—real estate
in the mobile landscape, right be-
hind radio spectrum. Ironically, the
proliferation of newly-added radio
spectrum bands—aimed at alleviat-
ing bandwidth scarcity—is what has
intensified the pressure on PCB space
in smartphones. More bands demand
more discrete RF front-end compo-
nents such as power amplifiers, mul-
tiband switches, duplexers and filters,
along with matching components.
Add the demands for bigger screens,
quad-core application processors,
connectivity, batteries and add-ons, all
wrapped up in thin sleek form factors,
and it is clear there is no room to ex-
pand the space devoted to RF front-
ends, even to accommodate the dou-
bling or tripling of bands needed for
global LTE roaming in a single-SKU
design (see Figure 1).

The Qualcomm® RF360 RF front-
end solution from Qualcomm Tech-
nologies Inc. (QTI) has been designed
to address this issue, and others, with
a highly integrated RF front-end com-
bining essentially all the components
between the modem and the antenna:
an RF power amplifier integrated with
the antenna switch, the transceiver, an
antenna matching tuner and an enve-
lope power tracker. This is a “360-de-
gree” approach to simplifying and ad-
dressing multiple complex challenges
to the cellular RF front-end, starting
with band proliferation and extending
across multiple performance and size
enhancements so product appeal—
as well as the significant production
scale advantages of reducing unique
SKU designs—can be maximized. An-
nounced in February for OEM prod-
ucts anticipated to ship later in 2013,
the front-end has been designed from
the ground up as a full system solu-
tion that also works interactively with
the device’s modem, transceivers and
sensors to deliver unique new perfor-
mance gains.
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to support all the as-
sociated bands in a
single device, or at
least fewer SKUs and to do that with-
out increasing the demand for space
Or compromising performance.

At an economic level, it is also de-
signed to enable production scale—
and its dramatic cost benefits—for
cellular device manufacturers. In-
stead of needing up to ten different
designs to competitively support the
required LTE band combinations
around the world, an OEM may only
need three, or even fewer, and the
differences across those can be ad-
dressed without a change in board
layout, or an increase in board space.

RF BAND PROLIFERATION WITH
NO INCREASE IN PCB SPACE

The central RF challenge today
is the proliferation of cellular bands
worldwide—already 40 and count-
ing—required to address exploding
service demands and network capac-
ity. This is compounded by the need
to simultaneously launch multiple
handsets to meet OEMs’ desire to
maximize their returns on product
investments. This has pushed mobile
device makers to develop multiple
versions of each device model, each

. with smaller produc-
ad

A Fig. 1 Limited PCB space in a typical smartphone.

tion unit potential, using legacy RF
solutions that handle only a subset of
bands or require multiple chipsets in a
single device for greater regional cov-
erage.

The Qualcomm solution addresses
this RF band proliferation challenge
with a single board-level SKU de-
signed to work across any combina-
tion of modes and bands (all major
cellular modes from GSM onwards
and bands currently fully specified in
3GPP) that enables global roaming,
particularly for 4G LTE. How is this
possible, when no single RF solution
can yet address all bands worldwide,
without resorting to a brute force
approach using a large number of
discrete parts? It actually requires a
combination of key technologies, all
of which are integrated into the Qual-
comm solution and optimized as an
end-to-end system.

POWER
ENVELOPE
TRACKING
The first key
technology is
power envelope
tracking (ET)

that tailors the
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e Applied TX Powwes
| Signal
Washed power = Applied TX Power - Signal

A Fig. 2 Power wasted with average power
tracking (a) compared to power saved with
power envelope tracking (b).

PA power supply to the instantaneous
needs of the signal content being
transmitted. It is an advancement over
conventional average power tracking
(APT), that adjusts the PA power sup-
ply on power level groupings instead
of on the instantaneous signal need.
The unused energy with APT not only
wastes battery power, but also gener-
ates waste heat, creating added de-
mands for space for dissipation of the
heat (see Figure 2a). With envelope
tracking, the transmission power sup-
plied is tailored to the instantaneous
needs of the signal content being

transmitted (see Figure 2b). r-,
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Working  inter-
actively ~with  the
device’s modem,

the envelope pow-
er tracker adjusts
transmission power
to match instanta-
neous requirements
of the content being
transmitted, rather
than adjusting af-
ter long intervals of
constant power. This
modem-assisted en-
velope tracking, the

Smaller PCB
Footprint

Multimode
Multiband
PA + Antenna
Switch: Silicon
Level Integration

Top Substrate

\ 3D (Vertical)
Interconnection;
no Wire Bonding

Filters +
Duplexers

Monolithic RF
CMOS Die Bottom
Substrate = Customize or Add
Bands Without
Changing PCB Layout

first in the industry A Fig. 3 RF POP 3D design CMOS front-end.

for 3G/4G LTE, re-
duces power consumption by up to
20 percent, and heat generation by
almost 30 percent (based on QTT test-
ing and analysis). This extends battery
life and reduces the thermal footprint
inside the thin cavity of a smartphone.
Envelope tracking works with the
modem to sense instantaneous pow-
er needs, and manages the PA. With
CMOS-based PAs, the level of inte-
gration can be substantially increased,
and points toward the idea of a fully
integrated RF front-end system-on-
chip. A system-on-chip means ad-
vanced 3D packaging
techniques

|

b

have now become possible for the
RF front-end.

RF POP

The second key
technology in
the Qualcomm
front-end  so-
lution is the
industry’s first

stacked, 3D

RF packaging, —

or RF POP™ “:'\T_.'_']--—-'
solution, using

advanced 3D

packaging

that
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More Discretes: Multiple

2D (Horizontal) Semiconductor Processes

Interconnection

Filters Duplexers

Wire
Bonding
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Integration &
Impedance
Matching

More Bands = PCB Change + Larger Area

A Fig. 4 Side-by-side conventional RF front-end discrete design.

integrates the single-chip multimode power amplifier and
antenna switch (AS) into a base package, integrates the fil-
ters and duplexers onto a single substrate and then stacks
the substrate on top of the base package into a single “3D”
chipset combination, reducing overall complexity and elim-
inating the need for the wire bonding commonly used in
today’s RF front-end modules. The package con-
! taining the integrated PA and AS form the
| » base substrate layer, and have a common
footprint for all devices. The package con-
taining the filters and duplexers is configu-
rable for global and/or multi-regional band
combinations and goes on top of the PA/AS
base, much like a customizable “roof” over a
universal foundation. The combination is one
millimeter thick and uses half the board area
of previous Qualcomm RF front-end solutions.
Importantly, customizing devices for different
regions does not require changes to the board lay-
out since the base PA/AS layer can remain constant
(see Figure 3).
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This design is based on an architecture capable of sup-
porting 700 MHz to 2.7 GHz LTE bands worldwide, along
with legacy 2G/3G bands, and reduces local RF band cus-
tomization to simplified variations in the “roof.” With the
RF POP approach, two to three PCB designs can now
replace what would take a dozen or more designs other-
wise to cover an OEM’s worldwide needs, since multiple
frequency configurations can use the same board layout.
This creates the potential to drive LTE economies of pro-
duction scale in much the same way that quad-band did for
GSM and penta-band did for 3G.

In contrast, conventional PCB module-based solutions
mix and match different technologies such as GaAs- and
CMOS-based components device-by-device for an opti-
mum solution within a single device’s operating environ-
ment. Accommodating a broader array of environments is
more complex, resulting in some cases in multiple solu-
tions residing side-by-side within a single device. These
side-by-side solutions require multiple PAs, depending on
the band combinations being designed for, with more dis-
crete chips and the associated wire bonding, which hinders
integration due to introducing radiated interference and
added impedance matching requirements. If more bands
are needed, a board change is required, including the pos-
sibility of a size increase, and reducing the volume poten-
tial of each unique design (see Figure 4).

ADAPTIVE ANTENNA TUNING

The third key technology is adaptive antenna tuning. One
RF problem that has been exacerbated by thinner, sleeker
device designs is that the much closer physical proximity of
users’ hands and head to the antenna causes the antenna
to de-tune from the targeted frequency, losing signal with
the base station beyond the signal attenuation caused by
the physical impediment of the hand and/or head. The
base station responds by instructing the device to increase
transmission power to compensate for the lost signal. If
more device transmission power is available, battery drain
is increased. If the device is already at maximum transmis-
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A Fig. 6 Qualcomm RF 360 de-tuning provokes re-tuning.

sion power, the call is compromised or
dropped (see Figure 5).

In contrast, the Qualcomm system
works with the device’s sensors, which
detect the antenna de-tuning and gain
loss, and the modem directs the an-
tenna matching tuner to re-tune to
the correct frequency. This eliminates
the need to increase power to com-
pensate for off-frequency transmis-
sion, reducing the power increase to
only that needed to compensate for
the attenuation caused by the physical
impediment (see Figure 6).

LOG PERIODIC
OMNI POWER AMPLIFIER
SAS antennas at work PERFORMANCE

EMC TEST protecting our forces: The Qualcomm RF360 solu-
: : tion utilizes a comprehensive system
MAN-WORN design to enable an all-CMOS RF
OTH HF RADAR front-end, which historically has been
. judged inadequate to meet cellular
Signal Antenna Systems, Inc. power performance requirements,
8-B Hangar Way when compared to the module-based,
Watsonville. CA 95076 GaAs/CMOS mixed technology ap-
? proach. However, testing by QTT has
Phone: (831) 722-9842 demonstrated that—utilizing only the

current generation power envelope
tracking enabled by the CMOS inte-
gration—transmission power perfor—
mance (power consumption for TX
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solution closely matches the profile of
conventional power amplifiers using
today’s average power tracking across
the broad range of transmission power
levels (see Figure 7).

The Qualcomm solution with en-
velope tracking and the conventional
average power tracking solution have
small differences at different power lev-
els. The system has been optimized for
performance efficiency to deliver best
in class talk time and data transmission

across power ranges most used in real
world experience (see Figure 8), based
on QTT field data collected across com-
mercial networks in rural California
from 8 AM to 8 PM over seven days in
2013 and urban Los Angeles from 6 AM
to 7 PM over one day in 2011, and close-
ly matches the profile of conventional
power amplifiers even outside of these
most used ranges of transmission power.

When power performance is
weighted based on real-world usage
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To get your copy of

the new Catalog 32,
visit our web site, scan
the QR code below, or
ask your local Narda
representative.

631.231.1700

nnovation.

32

e+e+ High Band RF360 ET PA
—— High Band Conventional APT PA
eses Low Band RF360 ET PA

= Low Band Conventional APT PA

UE Power Consumption

UE TX Power

A Fig. 7 PA performance comparisons.
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A Fig. 9 Usage-based total power consump-
tion comparisons.

distribution patterns across high and
low bands, the total power consump-
tion using the Qualcomm RF360
solution is virtually identical to con-
ventional PAs for rural settings and
slightly better for urban settings (see
Figure 9).

It is worth noting that these per-
formance comparisons do not fac-
tor in improvements from the use of
precision analog circuitry to optimize
PA and ET operation, for example,
through the addition of multiple pro-
grammable gain states. Antenna tun-
ing gains have also not been factored
into the comparison. QTT Testing has
shown a 2 dB gain contribution from
antenna tuning, which would shift the
frequency of TX power usage curves
“left” by =2 dB in the usage patterns
(see Figure 10).
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Technology You Can Trust

Enabling Next Generation
scanirncend — Sall Cells

« Comprehensive portfolio of Small Cell RF front end solutions

« Best-in-class PA featuring unmatched linearity, gain and power
0 : j7 efficiency with integrated power detector and shutdown function
X LNA Duplexer

RF Switch

PA I

« Ultra low NF LNA greatly enhancing Small Cell receiver sensitivity
BB

« Innovative FBAR filter enabling stringent adjacent multi-band operation
without performance degradation due to interference

LNA Duplexer
« Common component footprint and application circuitry across different
o = frequency bands simplifying platform-based hardware design
i A « Integrated modules reducing parts count, board space, design time,

and BOM cost
For more details go to: www.avaqgotech.com/smallcell
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Cover Feature

Applying these shifted TX power
usage frequency distribution pat-
terns to the performance analysis
would indicate additional improve-
ments in total power consumption.
So even without PA optimizations and
antenna tuning gains, overall system
performance meets today’s require-
ments and is comparable in efficiency
to existing front-end solutions, ac-
complished with a much smaller PCB
space requirement and much greater
RF band scalability.

CONCLUSION

The Qualcomm front-end is a col-
lection of innovations:

e The first fully integrated mono-
lithic die multimode, multiband
CMOS power amplifier with an in-
tegrated antenna switch

e The first stacked RF POP solution
(3D packaging) that reduces the
RF front-end footprint while en-
abling common board layout and
simplified RF band customization
or expansion

YOUR SWITCH SoLUTION SINCE 1945

THE EXPERT AND LEADER IN
RF SWITCHES AND SYSTEM INTEGRATION

=

Enabling Commurication and Sigral Control
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A Fig. 10 Shift in TX power usage patterns
with antenna tuning.

e The first CMOS power amplifier
for LTE
e The first CMOS power amplifier
with envelope tracking
e The first dynamic reconfigurable
LTE multimode antenna tuner
e In total, the first fully integrated
CMOS-based RF front-end, in-
cluding everything between the
modem and the antenna
The solution is focused on address-
ing the fact that worldwide LTE band
proliferation has created a direct chal-
lenge to producing mobile devices at
economic scale, and doing it within
an extremely limited PCB space. The
RF POP approach enables a common
global board-level design, with sim-
plified RF band expansion
j f‘ - or customization,
e I _ to help re-
gain device
design and
production
scale. Smaller
RF front-end
footprint, heat
dissipation and
size, along with
longer battery
life, help en-
able sleek, thin,
powerful and effi-
cient device designs.
Plus, the solution is
sampling now in order
to meet the immediate
challenges of establish-
ing LTE economies
of scale and global

roaming. Ml

zjﬁa
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wno 100 Watt

AMPLIFIERS

W 100kHz 1018GHz 4

$

from ea.qty. (1-9)
High-powered performance, across wide frequency ranges.
These class A linear amplifiers have set a standard throughout
the RF & microwave industry. Rugged and reliable, they
feature over-voltage and over-temperature protection,
including the ability to withstand opens and shorts! And
they’re all in stock, whether with a heat sink/fan (for design
labs and test benches), or without (for quick integration
into customer assemblies). Go to minicircuits.com, and it's
easy to select the models that meet your needs, including
new features like TTL-controlled RF output. Place an order
today, and you can have them in your hands as soon as
tomorrow—or if you need a custom model, just give us a call
for an engineer-to-engineer discussion of your requirements!

.

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

Model Frequency Gain  Pout @ Comp. $ Price (Qty. 1-9)
(with heat sink/fan*) 1dB 3dB with  without*
(MHz) (dB) (W) (W) heat sink  heat sink
LzY-22+ 0.1-200 43 16 32 1495 1470
ZHL-5W-1 5-500 44 8 i 995 970
® ZHL-100W-GAN+ 20-500 42 79 100 2395 2320
® ZHL-50W-52 50-500 50 40 63 1395 1320
® ZHL-100W-52 50-500 50 63 79 1995 1920
LZY-1+ 20-512 43 37 50 1995 1895
® ZHL-20W-13+ 20-1000 50 13 20 1395 1320
® ZHL-20W-13SW+ 20-1000 50 13 20 1445 1370
LZY-2+ 500-1000 46 32 38 1995 1895
NEW ZHL-100W-13+ 800-1000 50 79 100 2195 2095
ZHL-5W-2G+ 800-2000 45 5 6 995 945
ZHL-10W-2G 800-2000 43 10 13 1295 1220
ZHL-30W-252+ 700-2500 50 25 40 2995 2920
ZHL-30W-262+  2300-2550 50 20 32 1995 1920
ZHL-16W-43+ 1800-4000 45 13 16 1695 15645
ZVE-3W-83+ 2000-8000 36 2 3 1295 1220
ZVE-3W-183+ 5900-18000 35 2 3 1295 1220

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

*To order without heat sink, add X suffix to model number (example: LZY-22X+).

® Protected under U.S. Patent 7,348,854

[ Mini-Circuits’

1SO 9001

1SO 14001 AS9100

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

—®
@:;’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see

IF/RF MICROWAVE COMPONENT:

U.S. Patents
7739260, 7761442

minicircuits.cog;,
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4\ Most Valuable Product

oonton (a Wireless Telecom
BGroup company) has intro-
duced its new 55 Series line
of wideband USB power sensors that
brings ultra-fast pulse and modulation
power measurement capabilities typi-
cally associated with top-end bench-
top peak power analyzers to the pop-
ular USB sensor form factor. The new
line includes 6, 18 and 40 GHz models,
and is designed for measurement of
wideband modulated signals and the
fast RF pulse and burst waveforms.
Video bandwidth for the fastest mod-
els exceeds 70 MHz, with less than 5
ns risetime, making the 55 Series well
suited for high-speed signal analysis.
Continuous sample rate is 100 MSa/
sec, with a 10 GSa/sec effective sample
rate and 100 picosecond time resolu-
tion for repetitive signals. This is more
than one hundred times faster than
most existing USB power sensors, and
enables exceptional trigger stability and
waveform fidelity when characterizing
complex modulation and pulsed signals.
Combining the wide dynamic range,
fast bandwidth and risetime, and excel-
lent time resolution that Boonton has
long been known for with its Real-Time
Power Processing™ (Patent pending)

ACCUMULATED MICROSECONDS

technology, the 55 Series offers capabil-
ities beyond those of many other USB
power sensors and even competing
scope-based peak power analyzers.This
architecture permits sustained acquisi-
tion speeds exceeding 40,000 triggered
sweeps per second, ensuring no signal
information is missed due to the “snap-
shot” approach employed by traditional
power meters and USB sensors. Gap-
free gated and continuous statistical
analysis can be performed concurrently
at a sustained 100 Mpoints/sec.

CONVENTIONAL PEAK POWER METER
ARCHITECTURE

Conventional peak power meters
digitize the detected RF signal at a
high sample rate and store the digi-
tized samples into a FIFO or memo-
ry buffer. A typical triggered sweep
measurement cycle is shown in Figure
I.Once a trigger occurs, sampling con-
tinues until the buffer contains enough
samples to complete the sweep, then
acquisition halts so a microprocessor
or DSP can process the raw samples
into a trigger-synchronous trace buf-
fer. Following that, the computed
power versus time trace may be fur-
ther analyzed to yield time-gated or
event-gated measurements such as
average or peak

0 200 400 600 1000 pulie power
PRETRIG DELAY and statistical
WAIT FOR TRIG || measurements.
POST TRIG DELAY
LINEARITY CORR cOoNVENTIONAL In USB sensors,
PROCESS SWEEP CYCLE the sweep and/
CONVERT/SCALE or processed
(a) TOTAL CYCLE TIME measurement
PRETRIG DELAY data | .
WAIT FOR TRIG ata is periodi-
POST TRIG DELAY . cally scaled to
LINEARITY CORR 3
PROCESS SWEEP POWER dBm or wath,
CONVERT/SCALE PROCESSING™  then transmit-
TOTAL CYCLE TIME ted to the host
(b) PC for display

A Fig. 1 Sequential processing overhead of conventional triggered mea- and
surement cycle (a) and Real-Time Power Processing with no delays (b).
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additional
analysis.

Real-Time USB
Power Sensor

RE-ARM LATENCY AND
MEASUREMENT GAPS

Typically, these steps must take place
sequentially, and sample acquisition for a
new sweep cannot restart until the mi-
croprocessor has completed most or all
steps in the sweep processing sequence.
This results in acquisition gaps during
which time no data is gathered and the
trigger cannot be armed. Processing and
re-arm latency can range from 10 to 300
milliseconds for typical triggered pulse
measurements. Re-arm times are further
extended when pre-trigger measure-
ments are required — common when
measuring pulses, transients and signal
edge transitions, since the leading edge
usually serves as the trigger signal.

If the pulse repetition interval (PRI)
of a periodic signal is shorter than the
sweep’s measurement cycle time, then
one or more pulses will occur before
the trigger re-arms, and events of inter-
est will be missed. When trace averag-
ing and multi-sweep envelope accumu-
lation are enabled, it will take far lon-
ger than expected to acquire enough
sweeps to fulfill the averaging criteria.

A conventional power meter ca-
pable of acquiring 3 to 30 triggered
sweeps per second has difficultly pro-
viding fast and meaningful test results
with some of today’s high-speed, agile
wireless and microwave signals. Al-
though some models offer buffered
measurement speeds up to several
thousand measurements per second,
these untriggered, “streamed” read-
ings offer little useful information for
synchronous signals.

THE REAL-TIME SOLUTION:
CLOSE THE GAP

Boonton’s Real-Time Power Pro-
cessing technology addresses the

BooNTON
Parsippany, N|
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UNMATCHED DYNAMIC RANGE. UNMATCHED PERFORMANCE.

BRIDGE THE
THz GAP

VDI'S VNA EXTENSION MODULES

provide high performance frequency extension of vector network analyzers into the THz range. Models are currently
available that cover 50GHz to 1.1THz and combine high test-port power with superb dynamic range to offer unparalleled
performance. VDI's VNA Extension Modules are compatible with all modern network analyzers. Contact VDI to discuss

VNA and Extender configurations that will yield the best performance for your application.

Waveguide Band WR15 WR12 WR10 WR8.0 WR6.5 WRS.1 WRA4.3 WR3.4 WR2.8 WR2.8 WR1.5 WR1.0

(GHz) 50-75 60-90 75-110 90-140 110-170  140-220 170-260 220-325 260-400 325-500 500-750  750-1,100
Dynamic Range

(BW=10Hz,dB, typ) 120 120 120 120 120 120 115 115 100 100 100 60
Dynamic Range

(BW=10Hz,dB,min) 100 100 100 100 100 100 100 100 80 80 80 40
Magnitude Stability

(+dB) 0.15 0.15 0.15 0.15 0.25 0.25 03 0.3 05 0.5 0.8 1
Phase Stability

(+deg) 2 2 2 2 4 4 6 6 8 8 10 15
Test Port Power

(dBm) 6/13 6710 6710 6710 0 -4 -6 -9 -16 -17 -25 -35

VIRGINIA DIODES, INC.
434.297.3257 | vadiodes.com
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Most Valuable Product

| @ Aacquire [0 PROCESS|

CONVENTIONAL ACQUISITION:
LONG GAPS MISS MANY EVENTS

((

7/

o

7/

REAL-TIME POWER PROCESSING™:
NO MISSED EVENTS

A Fig. 2 Gap-less triggered acquisition

of Real-Time Power Processing USB power
sensor captures all signal events including an
intermittent glitch (circled).

shortcomings of conventional power
measurement techniques in several
ways. By combining a dedicated acqui-
sition engine, hardware trigger, deep
sample memory, and a real-time opti-
mized parallel processing architecture,
it is possible to perform most of the
sweep processing steps simultaneously,
and beginning immediately after the
trigger instead of waiting for the end
of the acquisition cycle.

The advantages of the Real-Time
Power Processing technique are
shown in Figure 2. Key processing
steps take place in parallel, and keep
pace with the signal acquisition. With
no added computational overhead to
needlessly prolong the sweep cycle,
the sample buffer can’t overflow, so
there is no need to halt acquisition for
trace processing. This means gap-free
signal acquisition, and guarantees that
intermittent signal phenomena such as
transients, dropouts, or interference
will be reliably captured and analyzed.
These sorts of events are most often
missed by conventional power meters
due to their acquisition gaps while pro-
cessing takes place.

AVOIDS LATENCY AND DECIMATION

Since acquisition is continuous, and
the trigger system is implemented in
dedicated hardware, it is possible to
further shorten the cycle by eliminat-
ing the pre-trigger interval for all but
the initial trigger event. In most cases,
the trigger can be re-armed within mi-
croseconds of the end of the acquisi-
tion interval rather than the tens or
hundreds of milliseconds later, as is the
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case with conventional power meters.

Along with the benefits of ultra-
fast triggered acquisition, Real-Time
Power Processing is able to perform
full sample rate pre-averaging, enve-
lope detection and statistical analysis,
so there is no need to discard samples
when measuring long-duration signals
at slower timebases. Conventional
power meters, and especially memory-
constrained USB power sensors, often
reduce their acquisition rates consid-
erably at slower timebases to avoid
sample buffer overflow. This “decima-
tion” process causes added measure-
ment noise, signal aliasing, reduced
confidence for statistical measure-
ments, and missed peaks or glitches
when transients fall between samples.

WHY SNAPSHOTS ARE NOT ENOUGH

So what does Real-Time Power Pro-
cessing offer to the typical user? The re-
sult can be likened to viewing a live vid-
eo versus a slideshow — there is never
an instant during which the signal is not
being acquired, analyzed and presented
to the user. The Boonton 55 Series USB
power sensors are capable of capturing
more than 40,000 triggered sweeps per
second and analyzing each for gated
or overall peak, average and minimum
power, as well as performing real-time
statistical analysis (CCDF) on the signal.

As an example, a typical short-range
radar transceiver might use a |15 mi-
crosecond chirped pulse repeating at 2
kHz (a 500 microsecond PRI). For this
signal, the power meter would typically
be set for a time-base of 2 ps/div (total
sweep duration of 20 microseconds),
with a few microseconds of pre-trigger
delay so both the leading and trailing
edges of the pulse could be analyzed. If
captured at a 100 MSa/sec acquisition
rate, this sweep would contain 2000
power samples. Using a fast micropro-
cessor or DSP, the steps needed to
process the sample buffer into a usable
sweep might take an additional 20 mil-
liseconds once the sample buffer fills
and acquisition has been halted. During
this processing time, another 40 signal
pulses will have passed by — untriggered
and unmeasured. So the conventional
power meter has captured only one of
every 4| pulses, and discarded over 97
percent of the usable signal. Increase
the PRI to 20 kHz, and 99.8 percent of
the signal information is missed.

USB 2.0 high-speed communica-
tion with a PC host permits simulta-
neously acquired, overlaid average and

envelope (peak-minimum) traces to be
displayed at full video rates. In this way,
a quiet, trace-averaged waveform can
be viewed, while still spotting fleeting
transients. Flexible peak/min hold ca-
pabilities allow even a single transient
occurring over hours of monitoring to
be reliably captured and displayed.

REAL-TIME MEANS REAL RESULTS

In a power meter equipped with
Real-Time Power Processing technol-
ogy, the sweep processing takes place
as the power samples are acquired, so
there is minimal latency to re-arm the
trigger system. Even the fastest signals
can be acquired and analyzed without
missing any triggerable events. With
no acquisition gaps or sample decima-
tion, users are ensured of maximum
accuracy and minimum test times.
Key benefits of this technology include:
» Every pulse is captured, none dis-
carded
* Trace averaging and envelope time
drastically reduced

* Lower noise, no missed glitches

» Continuous or gated CCDF statis-
tical analysis computed from ALL
signal events

* “Live Video” presentation versus

“slide-show” speeds
* Far superior waveform fidelity and

trigger stability
» Simultaneous display of trace aver-

age and envelope (peak/min)

The 55 Series sensors are made in
the USA, and include a flexible, multi-
purpose I/O connector that can serve
as an analog input, status output, ex-
ternal trigger input or trigger output.
Connecting two or more sensors with
a simple “tee” connection permits mas-
ter/slave triggering for synchronized,
multi-channel measurements — no ex-
ternal trigger modules are required.
The bus-powered sensors connect di-
rectly to a standard USB 2.0 port with
a locking, removable cable. A full-color,
programmable LED indicates acquisi-
tion status, faults or alarm conditions.
Boonton,

Parsippany, NJ
(973) 386-9696,
www.boonton.com.

VIEW '
"' VIDEO

MICROWAVE JOURNAL m JUNE 2013


http://www.boonton.com
http://tinyurl.com/csourmx

- Wl for RMA# and
66 m, Sales only, terms
- Minicircyits.com/30,

Turn USB Power Sensors into

S,z RF POWER METERS

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

« True RMS model now available! « Lightning-fast measurement, as quick as 10 ms*
« Compatible with most test softwaret « Up to 65 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 (502 only) PWR-2.5GHS-75 100 kHz-2.5 GHz 795.00
o PWR-6GHS 1MHz-6 GHz 695.00
USB Cable
. ) PWR-8GHS 1MHz-8 GHz 869.00
o modsie o s as doma. - 1 PR 8 S PWR-8FS 1MHz-8 GHz 969.00
1 See datasheets for an extensive list 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 affiiated with or endorsed by the owners of the
above-referenced trademarks.

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

o RoHS compliant

[JMini-Circuits’

1SO 9001

1SO 14001 AS9100

—6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
@;’2 The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see minicimE uits.com -

U.S. Patents.
7739260, 7761442

IF/RF MICROWAVE COMPONENTS

488 rev N


http://minicircuits.com/30day
http://minicircuits.com

Perspective

Powering the Next

Seven Billion Voices

cross the world, mobile phones
Aare the one united technology

in all countries, nationalities
and groups. Some estimates indicate
that there are more cell devices than
people, with countries like Hong
Kong and Saudi Arabia at over 170
percent participation. Now that 96.5
percent of Americans have one, the
competition for higher data speeds
and increased customer retention has
put carriers in a bind: How do you
maximize cash flow and reduce ex-
penses to fuel expansion?

Top executives of wireless carriers
have a common goal: effectively cov-
ering more subscribers with less Op-
erating Expenses (Opex). With over
285,000 cell sites in the United States,
electrical usage could reach up to 712
million kWh per year. Gene Beall of
Mobilite, a former senior leader at
AT&T, recently stated that wireless
carriers in North America will need to
spend an estimated $25 billion during
the next four years to improve and ex-
pand their existing wireless infrastruc-
ture, regardless of whether they use
CDMA- or GSM- and HSPA-based
protocols. According to Beall, an ad-
ditional $3.5 billion is required to roll-
out 4G networks by the top four U.S.

wireless carriers.

40

SAMUEL CHO, CTO, RFHIC Corr.

As in any other business, there are
basically two methods to fund the ex-
pansion and rollout: 1) through exter-
nal investments such as stock/bond
offerings or 2) through internal cash
flow. The first option, with volatile
stock prices, remains more difficult in
the economic downturn. AT&T, for ex-
ample, has lost and regained one third

Leasing and renting third-party
owned properties (both towers and
rooftops) and managing their own
properties is the single biggest por-
tion of the on-going operating cost
for a wireless carrier. AT&T, for ex-
ample, has more than 10,000 towers
of its own, yet according to its annual
report, it spent $3.6 billion on rental

of its stock price
in the past three
years,  making
them a harder
sell to inves-
tors. One of the
most  efficient
ways to promote
a healthy cash
flow is to reduce
company Opex.

ing TM RRHs

¢/ MORE THAN 40% EFFICIENCY 4CH RRH

e Saves more than 100 W per RRH
e Saving $86.2 M when operating TM RRHs

¢/ LOW HEAT GENERATION
e Reducing size by more than 25%, saving 4000 tons of
aluminum equivalent to $11 M savings when manufactur-

v/SAVEs FREIGHT, INSTALLATION, AND

In 2011, the LEASING COST
top four U.S.
wireless  carri-

ers spent more
than $130 bil-
lion in overall
operating costs.
Shaving off even
a small bit of
this enormous
expense can go

very far for the

carriers.
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- on-wafer device

haracterization needs.

Confidence
on the Cutting Edge

Don’t let expired calibrations spoil your data.

The VectorStar ME7838A VNA system’s stable broadband
performance means that you can make high accuracy
measurements all day, with the confidence that your
calibration remains rock solid! Spend less time calibrating
and more time measuring.

Anritsu delivers 109 dB dynamic range at 110 GHz for
those important high sensitivity measurements across
70 kHz to 110 GHz with 0.1 dB and 0.5 degrees S,
stability over 24 hours.

Visit us online at: www.goanritsu.com/MWJ7838
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Japan 81 (46) 296-1208  Asia-Pacific (852) 2301-4980
South America 55 (11) 3283-2511 ©2013 Anritsu Company
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Find out more and download
our complimentary white paper:
Modern VNA Test Solutions
Improve On-Wafer Measurement
Efficiency
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Perspective

fees alone in 2011 (see Figure 1). Re-
ducing this section of the Opex has a

;'gg $3.61B | direct impact to shareholder value as
__3.00| 32898 | $3.068 this affects the carriers’ bottom line
_52-50 and future success. Experts say that
::'gg U.S. wireless carriers spend more
“ 100 than $20 billion a year just on leas-

0.50 ing and rental to house their wireless

* 2009 2010 2011 equipment.
YEAR Ironically, for an industry dedicated

Ar ig. 1 ATOT's annual rental expenses.

to innovation and creativity with hand-
sets, cell sites are still heavily reliant

Advanced Innovative Designs
_Cusmm Unigue Designs
Rapid in Your Systam Today

Advance Your System
With Our Microwa

ve Circuit Designs

Microwave Frequency Bands
LS CXHKyKKgQUV

Frequencies up to &7 GHz

108 Bonaventura Drive
San Jose CA 13

Phase Matrix, Inc: .. ..o

A National Instruments Company

42

Fax: 408-428-1500
Web: www.phasemairix.com

on less efficient, older technology.
LDMOS power amplifiers have been
in use for decades, with little improve-
ment in power efficiency, power densi-
ty, performance and thermal character-
istics. In essence, LDMOS is too large,
too hot and too inefficient to run lean,
fast, powerful wireless networks for the
biggest four carriers; they are burning
money that could be used for expand-
ing their networks.

The better suited alternative is
GaN transistors that have much high-
er efficiency for Remote Radio Head
(RRH), while producing much small-
er amounts of heat and leading to cost
savings across the board.

For carriers, weight and size di-
rectly translate into the leasing and
rental expenses in the same way that
every pound of luggage on a commer-
cial airline deprives profit. It is not just
major airlines that are charging for ad-
ditional weight; tower and building
landlords are charging carriers for the
weight and size of the wireless equip-
ment on their properties. Naturally,
carriers are making every effort to
reduce the size and weight of their
equipment to reduce the cost and,
moreover, reduce expensive installa-
tions of heavy equipment.

GaN’s intrinsic wideband and high
efficiency characteristics enable de-
signers of wireless base stations, re-
mote radio heads, and small cells to
make systems smaller by reducing
the heat sink size and power supply
requirements. This directly translates
to lower installation and equipment
space rental expenses for carriers. Ad-
ditionally, overall reliability also affects
the carriers” bottom lines by produc-
ing more reliable LTE services to end
users, and also by reducing expected
maintenance expenses. Furthermore,
carriers can save on future upgrades as
GaN-based RRHs can support multi-
band, multi-mode and multi-carrier
technology. RFHIC estimates that
carriers would save billions just on
the leasing and rental expenses alone.
They also estimate that carriers can
save $2 billion per year on electricity by
adopting a GaN-based power amplifier
for RF transmit needs, promoting car-
riers” sustainability and corporate re-
sponsibilities. GaN can provide many
benefits in all sorts of RF applications
but for now, wireless infrastructure is
the clear winner to take this great cost
saving benefit of GaN technology. B
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Understand what's happening in the most Real-Time Spectrum Analyzer
signal-rich environments or systems. Detect

transients or interference, even small
signals in the presence of large ones. And 160 MHz BW across 50 GHz frequency range
achieve the best probability of intercepting
signals — all with the real-time PXA signal
analyzer. Go after the most elusive signal License-key upgrade to Agilent N9030A
and know you've got it. PXA signal analyzer

Industry-best POI: > 3.57 ps

Up to 75 dB of spurious-free dynamic range

Learn more: Measuring Agile Signals and
i Dynamic Signal Environments app note

demo. Scan or visit www.agilent.com/find/elusive-signals
http://qrs.ly/662zvb9

© Agilent Technologies, Inc. 2013 u.s. 1-800-829-4444 canada: 1-877-894-4414
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Wireless carriers can save BILLIONS of dollars
spent on energy expenses per year by simply

switching to RFHIC’s GaN.

Energy Savings per Year

2 $2.0
2
@ $15
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$0.5 ==
‘ | l F—]
$0.0 4 14 14

-

ATT Verizon Sprint T-Mobile 4 Carriers

Send your inquires to rfsales@rfhic.com

Combined

© More data coverage

© Less energy cost

© Less maintenance cost

© Lower installation cost

© Lower space rental cost

© Multi-Band, Multi-Mode,
Multi-Carrier Technology
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For these applications customers have one thing in common;

Goodhye! GaAs & LDVOS
Hello! RFHIC GaN

Are-you still using inefficient LDMOS or GaAs technology
for your telecom RFTransmitting needs?

No brainer for Point to Point Radio
(Under Development)

© More efficient than GaAs

© More reliable than GaAs. #

© SMT Type Package Available

© Input/Output Matching

© 6W~200W Peak Power Sarw (mm| - 205 2 150 48 5 Microwavs Poant-ta-Foine [l =
© Small Size 2 o

No brainer for Small Cell

© More efficient than LDMOS ;

© More reliable than LDMOS i’

© Cost comparable to LDMOS \

© SMT Type Package Available | —p w
© Input/Output Matching

© 2W~10W Average Power (Peak Power 10W ~ 60W) ! F Iﬁ
© Small Size Sigw [mm) : 2¥ 2 10 =6 ] Semall Call

RFHIC = No Trade-off between Performance and Cost

RF & MW is our business & passion

Korean Facilities
Tel: 82-31-250-5078 / E-mail : rfsales@rfhic.com

US Facility
Tel:919-677-8780 / E-mail : sales@rfhicusa.com



mailto:rfsales@rfhic.com
mailto:sales@rfhicusa.com
http://www.rfhic.com
http://www.rfhic.com

I

OCTAVE BAND LOW NOISE AMPI.IFIEIiS

Model No. reg 6Hz)  Gain (@) MIN  Noise Figure @)  Power-out@pids  3rd Order [P VSWR
CA01-2110 28 MAX, +10 MIN +20dBm  2.0:1
CA12-2110 1.0- 2.0 30 1.0 MAX, 0.7 TYP +10 MIN +20dBm  2.0:1
(A24-2111 2.04.0 29 1.1 MAX, 0.95 TYP +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, 1.4 TYP +10 MIN +20 dBm  2.0:1
(A1218-4111 12.0-18.0 25 1.9 MAX, 1.7 TYP +10 MIN +20 dBm  2.0:1
(A1826-2110 18.0-26.5 32 3.0 MAX, 2.5 TYP +10 MIN +20 dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS

CAO01-2111 0.4-0.5 28 0.6 MAX, 0.4 TY +10 MIN +20dBm  2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20dBm  2.0:1
(A23-3111 22-24 30 0.6 MAX, 0.45 TYP +10 MIN +20dBm  2.0:1
(A23-3116 A7 =7LS) 29 0.7 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A34-2110 3.7-42 28 1.0 MAX, 0.5 TYP +10 MIN +20dBm  2.0:1
(A56-3110 54-59 40 1.0 MAX 0.5 TYP +10 MIN +20dBm  2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20dBm  2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20dBm  2.0:1
(A13153110 13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20dBm  2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm  2.0:1
(A34-6116 ahl 9615 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm  2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40dBm  2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm  2.0:1
CA12137110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm  2.0:1
CA14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40dBm  2.0:1
(A1722-4110  17.0-22.0 25 3.5 MAX, 2.8 TYP +21 MIN +31dBm  2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS

Model No. Fre(i (6Hz)  Gain (@8) MIN  Noise Flgure @)  Power-out@pid  3rd Order ICP  VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 + +20dBm  2.0:1
CA0106-3111 0.1-6.0 28 1.9 Mux 1.5TYP +10 MIN +20dBm  2.0:1
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20dBm  2.0:1
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32dBm  2.0:1
CA02-3112 0.5-2.0 36 4.5 MAX, 2.5 TYP +30 MIN +40dBm  2.0:1
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20dBm  2.0:1
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm  2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33dBm  2.0:1
(A618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 Bm  2.0:1
(A2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20dBm  2.0:1
(A218-4110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30dBm  2.0:1
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 Bm  2.0:1
LIMITING AMPLIFIERS

Model No. Freq (GHz)  Input Dynamic Range Ourput Power Ru e Psat  Power Flatness dB - VSWR
(CLA24-4001 2.0-4.0 -28 to +10 dBm +7 1o +1 2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +1 8 dBm +/ T5MAX 2.0
(LA712-5001  7.0-12.4  -21t0o+10 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
(lA618-1201  6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION

Model No. Freg (6Hz)  Gain (d8) MIN  Noise Figure (@)  Power-out@pids Gain Attenuation Range VSWR
CA00T-2511A  0.025-0.150 21 5.0 MAX, 3. +1 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, T.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A  13.75-15.4 25 2.2 MAX, 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A  15.0-18.0 30 3.0 MAX, 20 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS

Model No. Fregi 6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
(A001-2211 0.04-0.15 24 3.5 MAX, 2.2 TYP +13 MIN +23dBm  2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113 0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm  2.0:1
(A002-3114 0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116 0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112 0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1

CIAO Wireless can easily modify any of its standard models to meet your "exact” requirements at the Catalog Pricing.
Visit our web site at www.ciaowireless.com for our complete product offering.
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Astrium Adds Yahsat’s Military Ka-Band to
Its Multi-Band Offering to the

U.S. Government

Astrium Americas announced that its subsidiary, As-

trium Services Government Inc., will offer UAE-

owned Yahsat Military Ka-Band service to the U.S.
government. This service allows any U.S. government or
Department of Defense (DoD) end user to utilize Yah-
sat Military Ka-Band capacity that is compatible with the
Wideband Global Satellite (WGS) constellation for greater
global coverage and reliability.

Astrium was the prime contractor for the construction
of the Yahsat satellite fleet. Astrium Services will provide
end-to-end services using Yahsat Military Ka-Band capaci-
ty in order to meet DoD requirements on contract vehicles
such as the Defense Information System Agency’s Future
Commercial Satellite Communications (COMSATCOM)
Services Acquisition (FCSA) program. This deal deepens
Astrium Services’ com-
mitment to be the lead-
ing provider of COM-
SATCOM and MIL-
SATCOM services to the
U.S. government.

“Yahsat selected As-
trium due to our exten-
sive experience in build-
ing satellites and sell-
ing SATCOM services
to many armed forces
worldwide as well as our
strong history and rela-
tionships with the U.S.
government  market,”
said Bob Baker, heading
Astrium Services Gov-
ernment Inc. “We build
end-to-end solutions
that meet the government’s need for interoperable, secure,
satellite services, and Yahsat’s military Ka-Band will be an-
other tool for us to utilize in designing the right solution for
our customers mission requirements.”

“Yahsat selected
Astrium due to our
extensive experience
in building

satellites and selling
SATCOM services to
many armed forces
worldwide as well as
our strong history
and relationships
with the U.S.
government market.”

Harris Receives $29 M Order from an Asian
Nation for Tactical Radios

arris Corp. has received a $29 million order to pro-
Hvide a nation in Asia with Falcon III® wideband tacti-
cal radios. The radios will provide the country’s armed
forces with critical country-wide data communications and
improved mission capabilities as part of an overall modern-
ization effort.
The nation is acquiring the company’s new RF-7800H
high-frequency wideband manpack and RF-7800W High-

Dan Massé, Associate Technical Editor

Defense News

Capacity Line-of-Sight radios. The new RF-7800H is the
world’s first HF radio with high-speed wideband data ca-
pabilities. These advanced capabilities allow users to effi-
ciently transmit large data files such as video images over
very long range beyond-line-of-sight links. The radio is 20
percent smaller and lighter and offers data rates that are 10
times greater than other HF radios.

“Our RF-7800H and RF-7800W radios will enable
these armed forces to operate with more detailed situ-
ational awareness than previous generations of radios,”
said Brendan O’Connell president, international business
unit, Harris RF Communications.

Boeing Brings B-52 into Digital Age with
Significant Communications Upgrade

tem for U.S. Air Force B-52 bombers so aircrews can
send and receive information via satellite links, allow-
ing crews to change mission plans and retarget weapons in
flight and better interact with aircraft and ground forces.
To date, mission information has been uploaded to
a B-52 only before a
flight, not during. The
upgrade, one of the larg-
est improvements to
the venerable bomber
fleet, will therefore sig-
nificantly improve B-52
effectiveness and flex-
ibility.
“We are bringing this
amazing workhorse of a

Boeing is providing an upgraded communications sys-

“We are bringing
this amazing
workhorse of a
bomber into the
digital age and
giving our customer
the infrastructure

bomber into the digital necessary fOT
age and giving our cus- .

tomer the infrastructure contmuedf uture
necessary for continued zmpr ovements.”

future improvements,”
said Scot Oathout, Boeing B-52 program director.

The upgrade will be done through a new $76 mil-
lion Combat Network Communications Technology
(CONECT) contract that covers low rate initial production
of the first CONECT kits, along with spare parts and main-

Go to mwjournal.com for more defense news items 3
-
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tenance and service at Tinker Air Force Base, OK. System
installation will begin during the latter part of 2014.

Other improv ements w 111 include a state-of-the-art
computing network with workstations at each crew
position and an integrated digital interphone with
increased capacity; it \\’111 endble crew members to
talk to one another on headsets with noise-cancelling
technology. )

Raytheon Completes Second Launch
Exercise for Next Generation GPS Satellites

aytheon Co. successfully completed the second
Rlaunch readiness exercise for the U.S. Air Force’s next

generation Global Positioning System (GPS) opera-
tlondl ‘control system (OCX). Succeqshll completion of Ex-
ercise 2 is a ke) milestone demonstrating that Raytheon’s
OCX software meets mission requirements and is on track
to support the first GPS IIT satellite launch.

Completed over a three-day period in late February,
the joint industry and government exercise demonstr. ated
OCX mission software capability. The exercise, building
on the functionality tested in Exercise 1, simulated a hq—
uid apogee engine burn to insert the GPS III vehicle into

holzworth instrum antation

® o ®
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e Automated Measurements for Absolute & Residual
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instrumentation
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Tuina Volsge

transfer orbit and evalu-
ated vehicle telemetry,
maneuver planning and
execution.

The Lockheed Mar-
tin-built GPS III sat-
ellites and Raytheon’s
OCX are critical ele-
ments of the Air Force’s
plan to affordably re-
place aging GPS satel-
lites Whﬂe improving
capabilities to meet the
evolving demands of
nlilitaqi commercial
and civilian users worldwide.

“Successful completion of Exercise 2 is a clear indica-
tor that the solid design and strong command and control
and mission pldl]lllll(" (dpdblht\ meet the requirements to
support the GPS III launch,” stated Ray Kolib
pleSldent of Raytheon’s Intelhdence Information and Ser-
vices business and GPS OCX program manager. “The en-
tire government-industry team is working hand in-hand to
successfully deliver the ‘ocx ground sy stem and GPS III
space ve hicles for a successful fn st launch.”

The Lockheed
Martin-built GPS
I11 satellites and
Raytheon’s OCX
are critical elements
of the Air Force’s
plan to affordably
replace aging GPS
satellites. ..
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Reactel, Incorporated

Reacting Firstto All Your Filter Needs.

Actual Size

' REACTEL, INC |'| -

DISCRETE COMPONENT FILTERS

Since 1979, Reactel has been a global leader in the design and manufacture of
filters and multiplexers for the military and commercial applications.

Our versatility is reflected in the variety of units we are providing for systems
requiring small, lightweight, high-performance filters and multiplexers.

Small (profiles as low as 0.12”), lightweight and rugged enough to withstand the
most demanding environments, these units are the perfect fit where small size
and low weight are paramount.

Let our Engineers show you what we can do in tight spaces!

Download a copy of our full line catalog today!

8131 Cessna Avenue * Gaithersburg, Maryland 208749 « Phone: (301) 519-3660 » Fax: (301) 519-2447 @ RoHS
For general inguiries, please email eackel@reactel.com » Follow us on Twitter: @reacteljim 1ok QeChan
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mailto:reactel@reactel.com
http://www.reactel.com

SIX DAYS | ONE EXHIBITION

EUROPEAN =
MICROWAVE=

NCC NUREMBERG, GERMANY
6-11 OCTOBER 2013
Ty _WWw.eumweek.com

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

EuMW 2013 will be held for the first time at the Niirnberg Convention Center (NCC) in
the beautiful city of Nuremberg. Bringing industry, academia and commerce together,
European Microwave Week 2013 is a SIX day event, including THREE cutting edge
conferences and ONE exciting trade and te’qhnology exhibition featuring leading
players from across the globe. :

EUROPEAN MICROWAVE WEEK 2013
NURNBERG NCC, GERMANY,
OCTOBER 6 - 11, 2013

The Exhibition (8th - 10th October 2013)
e 7,500 sgm of gross exhibition space
e 5,000 key visitors from around the globe
e 1,700 - 2,000 conference delegates
¢ |n excess of 250 exhibitors

The Conferences:
¢ European Microwave Integrated Circuits Conference (EuMIC)
7th — 8th October 2013
e European Microwave Conference (EuMC) 8th — 10th October 2013
e European Radar Conference (EURAD) 9th — 11th October 2013
¢ Plus, Workshops and Short Courses (From 6th October 2013)

Plus a one day Defence and Security Conference

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by:
EuLMA = VDE
European Microwave Association

ﬁhorizon |Er A M @IEEE

house y MTT-8°
/, = N\
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2013 MICROWAVE The 8th European Microwave
The 10th European Radar Conference The 43rd European Microwave Conference Integrated Circuits Conference
Co-sponsored by: Co-sponsored by: Co-sponsored by:
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Interested in exhibiting?

Call +44(0) 20 7596 8742 or visit www.eumweek.com
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Research Project Strengthens Europe’s
Role in Semiconductor Production
T he Enhanced Power Pilot Line (EPPL) research proj-

ect, which is aimed at further strengthening Europe

as a high-technology industrial semiconductor pro-
duction site, was launched at a two-day meeting hosted by
Infineon Technologies AG at its Villach, Austria, site.

A total of 32 European partners from industry and re-
search are collaborating to advance production technology
for power semiconductors, an industry segment where Eu-
rope already has the leading position. Europe is home to
the first power semiconductor production sites manufac-
turing devices using 300 mm thin-wafer technology. With
EPPL, Europe intends to further expand this production
advantage.

The EPPL research aims to develop an advanced gen-
eration of power semiconductors manufactured in the 300
mm thin-wafer production technology, such as CoolMOS,
IGBT and SFET, as well as to further refine the production

technology itself. The re-

. sults of the project shall
With EPP L’ include the setup of a
Europe intends pilot-line as well as ap-
to fu rther ex pan d pli?ﬁion demonstrators..

/ ! e partner organi-
this pr oduction zations cover the entire

industry and research
advantage' value chain of 300 mm

power  semiconductor
production, comprising material research with a focus on
silicon, semiconductor development that includes 3D inte-
gration and packaging, and related developments in logis-
tics and automation technologies. The project will run until
mid 2016, with Infineon as the project lead.
“A project volume of €74 million and the commitment of
32 partner organizations strongly underline the importance
of EPPL for the semiconductor industry in Europe,” said
Sabine Herlitschka, chief technology and innovation officer
of Infineon Technologies Austria. “Infineon currently is the
only company worldwide to produce power semiconductors
on 300 mm thin-wafers. We are proud and honoured to con-
tribute our experience in this area to the EPPL project and
thus to Europe’s technology advancement.”

3GPP Makes Statement on LTE Standards

public statement has been issued by the 3rd Gen-
Aeration Partnership Project’s (3GPP) Project Coor-
dination Group (PCG) regarding LTE Standards.
It states: “3GPP defines the standards for LTE, with the
latest work focusing on LTE-Advanced, which includes all
work from 3GPP Release 10 onwards.
“3GPP recognises that in the marketplace a number of
differing terms related to LTE are appearing. 3GPP reaf-

International Report

Richard Mumford, International Editor

firms that the nam-
ing for the technology
family and its evolu-
tion continues to be
covered by the term
LTE-Advanced, which
remains the correct
description for specifi-
cations currently being
defined — from Release
10 onwards, including
3GPP Release 12.
“The  Partnership
Project is working with
its members and in
coordination with the
ITU Working Party 5D

“3GPP reaffirms

that the naming for
the technology family
and its evolution
continues to be
covered by the term
LTE-Advanced,
which remains the
correct descm'ption
for specifications

currently being
to be able to provide deﬁned...”
future guidance on

how 3GPP LTE will progress in future Releases.”

Senior MoD Figures Debate UK Army’s
Future Capabilities

hirty senior UK Ministry of Defence (MoD) figures
Tattended a Land Forces Event, hosted by Roke and

Chemring EOD to debate the Army’s future capabili-
ties. Under the new MoD Capability Action Plan, UK De-
fence Forces front line command is now responsible for
the specification and purchase of equipment.

The event focused on new military capability technology de-
velopments, including a debate led by Brigadier Simon Deakin,
director army force development for the British Army, discuss-
ing the UK Army’s future acquisition of research and devel-
opment services. More than 30 demonstrations of innovative
technologies, currently in use and under development, were
showcased. These included counter-IED technologies, a virtu-
al simulator to evaluate future technology concepts, Electronic
Warfare systems, full-
motion video to track
ground movement, and
under-vehicle scanning.

Major General Paul
Jaques, director gen-
eral logistics, support
& equipment for the
British Army, said: “The event was an excellent way for
those in Army HQ to get a clear industry perspective on
how technology can be applied in the Land Environment
and a good insight into Roke’s capabilities.”

Guests included senior figures from the UK Govern-
ment’s Defence Science and Technology Laboratory (Dstl),
Defence Equipment & Support for the British Army, MoD
Joint Forces Command and Front Line Command from
Army Headquarters.

The event

focused on new
military capability
technology...

Go to mwjournal.com for more international news items :’
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NGMN Alliance Announces Converged
Operations Showcase

he Next Generation Mobile Networks (NGMN) Al-
Tliance’s Next Generation Converged Operations Re-

quirements (NGCOR) project demonstrated the
‘Catalyst’ network operations showcase at TM Forum
World held in Nice in May. The showcase with the title
Converged Network Operations Improving Customer
Experience represents the first implementation of a com-
mon 3GPP and TM Forum information model based on
NGCOR requirements, aiming to enhance the integrated
management of wireline and wireless networks.

One of today’s main operator challenges is the manage-
ment of a variety of network and service production infra-
structures, from mobile and fixed network environments
up to converged networks and services across regions. The
NGCOR project aims to reduce complexity and cost, and
seeks to obtain more flexibility in the area of network man-
agement by achieving standardised interfaces between the
Telco infrastructure and the Operations Support Systems
(OSS). The integrated management of wireless and wire-
line networks is thereby supported by an Umbrella Infor-

RF Solutions .

SSlestSystemss

mation Model (3GPP
TS 28.620) which is
jointly elaborated and
approved by 3GPP and
TM Forum, and is based
on the requirements de-
fined by the NGCOR
project.

The showcase has
been developed by
NGMN Partners and
leading industry play-
ers including: Comarch,
Deutsche Telekom,
France Telecom/Orange, HP, Juniper, Orchestral Net-
works, Telecom Italia, Telefonica and ZTE, supported by
specifications from 3GPP and the TM Forum.

“Efficient converged operations are key for future net-
works in order to flexibly introduce services and to im-
prove customer experience,” said Rachid el Hattachi, SVP,
Deutsche Telekom AG. “We are happy to see the success-
ful proof of concept of the related NGMN requirements
and encourage all industry stakeholders to support the fur-
ther development and deployment of these requirements.”

“Efficient
converged
operations are

key for future
networks in order
to flexibly introduce
services and to
improve customer
experience.”
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Call 317-887-1340
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5kHzto12 GHz

“oW\ Looking for couplers or power taps? Mini-Circuits has

279 236 models in stock, and we’re adding even more! Our

versatile, low-cost solutions include surface-mount

models down to 1 MHz, and highly evolved LTCC

designs as small as 0.12 x 0.06", with minimal insertion

loss and high directivity. Other SMT models are designed

for up to 100W RF power, and selected core-and-wire

models feature our exclusive Top Hat™, for faster
pick-and-place throughput.

Directional/Bi-Directional

COUPLERS

B,
& 5~

$ 1 69
up to 250W  irom 1 ea.(q1.1000

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

See_minicircuits.com for specifications, performance data, and surprisingly low prices!
Mini-Circuits...we’re redefining what VALUE is all about!
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‘ULTRA-REL

CERAMIC MIXERS

300 MHz to 12GHz

ey

ey

from only

« Hermetically Sealed, 100% Tested
« Rugged LTCC Construction

« Easy Visual Solder Inspection,
gold-plated terminals

» Low Profile, only 0.06”/1.5 mm thick

Mini-Circuits new MAC mixer family combines rugged
ceramic construction with monolithic quad semiconductor
technology to produce the most reliable mixers available in
the marketplace today—the only mixers anywhere backed
by a 3-year guarantee! Top to bottom, inside and out,
they’re designed and built for long-term reliability under
hostile conditions such as high moisture, vibration,
acceleration, and thermal shock from -55 to +125°C.

&y

SE95

ea.qty. 10
» Highly Repeatable Performance

« Flat Conversion Loss & High Isolation
across the whole band

» Qutstanding Thermal Stability,
-65to +125°C

Excellent electrical performance across the entire frequency
range makes them ideal not only for aerospace and military
ground applications, but anywhere long-term reliability
adds bottom-line value: instrumentation, heavy industry,
high-speed production, and unmanned facilities, to name
just a few. So why wait? Go to minicircuits.com for performance
data, technical specifications, and remarkably low prices,
and see what MAC mixers can do for your applications today!

Mini-Circuits...we’re redefining what VALUE is all about!
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More Than 30 B Devices will Connect to

the Internet of Everything in 2020
ABI Research’s latest data on the Internet of Every-

thing (IoE) shows that there are more than 10 billion
wirelessly connected devices in the market today,
with over 30 billion devices expected by 2020.

“The emergence of standardized ultra-low power wire-
less technologies is one of the main enablers of the IoE,
with semiconductor vendors and standards bodies at the
forefront of the market push, helping to bring the IoE into
reality,” said Peter Cooney, practice director. “The year
2013 is seen by many as the year of the Internet of Ev-
erything, but it will still be many years until it reaches its
full potential. The next 5 years will be pivotal in its growth

and establishment as a
“The year 2013 is tangible concept to the
consumer.”
seen by many as the Bluetooth, Wi-Fi, Zig-
year of the Internet  Bee, Cellular, RFID, and
Of Everuthine. but many other wireless tech-
7 will i!f/ll b g nologies are all important
1l will st e many
years until it reaches
its full potential.”

to drive Internet of Ev-
erything growth. The long
term expansion of the
market will be dependent
on wireless technology
becoming invisible so that the consumer will be oblivious to
which technology is used and only know that it works.

“Today, Hub devices such as smartphones, tablets, and laptops
are pivotal in enabling the IoE ecosystem and will continue to
be an essential building block,” added Cooney. “Future growth,
however, is driven by node or sensor type devices and by 2020
these will account for 60% of the total installed base of devices.”

Market for GaN and SiC Semiconductors

Set to Rise 18X by 2022
The emerging market for Silicon Carbide (SiC) and

Gallium Nitride (GaN) power semiconductors is fore-

cast to grow a remarkable factor of 18 during the next
10 years, energized by demand from power supplies, pho-
tovoltaic (PV) inverters and industrial motor drives.

Worldwide revenue from sales of SiC and GaN power
semiconductors is projected to rise to $2.8 billion in 2022,
up from just $143 million in 2012, according to a new re-
port entitled “The World Market for SiC & GaN Power
Semiconductors - 2013 Edition” from IMS Research, now
part of IHS. Market revenue is expected to rise by the dou-
ble digits annually for the next decade.

SiC Schottky diodes have been around for more than
10 years, with SiC metal-oxide semiconductor field-effect
transistors (MOSFET), junction-gate field-effect transis-
tors (JFET) and bipolar junction transistors (BJT) appear-
ing in recent years. In contrast, GaN power semiconduc-
tors are only just appearing in the market.

Commercial Market

Dan Massé, Associate Technical Editor

GaN is a wide bandgap material that offers similar per-
formance benefits to SiC but has greater cost-reduction
potential. This price/performance advantage is possible
because GaN power devices can be grown on silicon sub-
strates that are larger and lower in cost compared to SiC.

“The key factor determining market growth will be
how quickly GaN-on-silicon (Si) devices can achieve price
parity and equivalent performance as silicon MOSFETs,
insulated-gate bipolar transistors (IGBT) or rectifiers,”
said Richard Eden, senior market analyst for power semi-
conductor discretes and modules at THS. “THS expects this
will be achieved in 2019, driving the GaN power market to
pass the $1 billion mark in 2022.”

SiC Schottky diode revenue exceeded $100 million in
2012, making it the best-selling SiC or GaN device current-
ly. But even though SiC Schottky diode revenue is forecast
to grow until 2015, it will decline when lower-priced 600 V
GaN diodes become available. Still revenue will recover to
approach $200 million by 2022, with sales concentrated at
voltage ratings of 1200 V and above.

By then, SiC MOSFETs are forecast to generate reve-
nue approaching $400 million, overtaking Schottky diodes
to become the best-selling SiC discrete power device type.
Meanwhile, SiC JFETs and SiC BJTs are each forecast to
generate less than half of SiC MOSFET revenues at that
time, despite their likelihood of achieving good reliability,
price and performance. End users now strongly prefer SiC
MOSFETSs, so vendors of SiC JFETs and BJTs have a ma-
jor task ahead in educating their potential customers on the
benefits of these technologies.

Q1 Handset Market Grows Despite
Samsung and Apple Heading in Different
Directions

A n estimated 405 million handsets, including 197 mil-

lion smartphones, were shipped in the first quarter

of 2013, according to market intelligence firm ABI
Research. Smartphone shipments grew 38 percent year-
over-year (YoY) while feature phone shipments declined
5.2 percent YoY. Shipments of all handsets grew 12 percent
YoY in the first quarter thanks to the continued strength of
the smartphone market, which achieved an all-time high of
49 percent shipment penetration.

“Worldwide handset and smartphone shipments exhib-
ited classic Q1 softness,” says senior analyst Michael Mor-
gan. “Samsung accomplished strong smartphone growth
while Apple dismissed a troubling mix of slowed growth
and declining margins as a sign that the older iPhone 4S
was in high demand.”

Nokia handset shipments plummeted to 62 million in Q1
with smartphone shipments at a 5-year low of 6.1 million.
Considering market and OEM specific conditions, Black-
Berry delivered a respectable 6 million shipments, with 1
million coming from the launch of BlackBerry 10-based
devices. Despite HTC’s well-designed ONE devices, ship-

e
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Commercial Market

ments continued to decline 37 percent YoY to 4.8 million.
LG continued its revival with 10.3 million smartphone
shipments and 16.2 million handset shipments.

“The last time a major smartphone OEM showed a trend
of decreasing margins combined with falling ASPs and slow-
ing growth, BlackBerry was still on the favorable side of a
large market share and revenue drop,” adds senior practice
director Jeff Orr. “With major product announcements teased
for Q3, Apple risks falling behind the innovation curve unless
the next iPhone is more revolutionary than evolutionary.”

Top 10 Mobile Carriers Generate $202 B in
Profit, Up 4.2%

orldwide service revenue, year-on-year (YoY) for
W4Q-2012 grew 2.8 percent to US$240.5 billion.
From ABI Research’s investigations, the regional
dynamic is varied. Western Europe and Africa’s mobile op-
erator actually demonstrated a contraction in service reve-
nue YoY of 8.2 percent and 6.9 percent respectively. Middle
East, Latin America, and Asia-Pacific are still showing rea-
sonably robust rates of growth of 7 to 11 percent. Eastern
Europe and North America, however, are only barely keep-
ing their service revenue growth in positive territory.
“As the underlying lift from accumulating subscribers
has matured, carriers are starting to cast around for ad-

ditional revenue streams that don’t just boost revenues but
also profitability,” said Jake Saunders, VP for core forecast-
ing at ABI Research. “There is still tremendous income to
be generated from mobile services; the top 10 mobile car-
riers alone generated US$202 billion in gross profit, up 4.2
percent year-on-year in 2012.”

For some of those in the top 10, subscriber growth is still
a major contribution (e.g., China Mobile is 1st; MTN is 6th;
and China Telecom, 8th). These carriers may rely on ex-
panding subscriber bases to drive overall profit for another 3
to 5 years, but after that, they will need to tap other sources.

For the other carriers in the top 10, securing a signifi-
cant market share in their domestic/regional markets, com-
bined with pooling infrastructure resources such as data
centers, as well as group-level handset and equipment
purchasing, has led to economies of scale. Verizon Wire-
less (2nd), Vodafone Group (3rd), AT&T (4th) and NTT
DoCoMo (5th) do hold significant market shares, but this
does not entirely explain their success. These carriers have
aggressively hopped onto the fourth innovation wave shap-
ing the mobile telecommunications industry — namely, IP-
based value-added services. OTT players can potentially
sap the revenue opportunities for incumbent mobile tele-
com players but carriers, such as Verizon and AT&T, are
showing that it is possible to put ARPU back on an upward
trajectory through the introduction of, for example, multi-
device tariffs and M2M services.

The Best Performance in Convertibility...........

WEST-BOND’s 454647E Wedge & Ball Bonder

1551 S. Harris Court Anaheim, CA 92806

Our exclusive triple convertible semi-automatic ultrasonic wire bonding machine:
The 454647E wedge-wedge and ball-wedge wire bonding machine, with
convertibility for either 45° or 90° feed, and ball bonding, all in one machine.

e 45° and 90° Wire Feed Convertibility
e Wire or Ribbon Bonding

e Ball-Wedge Bonding

e Throatless Chassis

e ESD Protection

e Adjustable Work Platform

e Orthogonal X, Y, and Z Axes

See the West-Bond Model 454647E and other fine West-Bond equipment at
SEMICON West, San Francisco, Booth # 5965, July 9-11, 2013.

UWEST - BOND), ne.

www.westbond.com

Ph. (714) 978-1551 Fax (714) 978-0431
e-mail: sales@westbond.com

56

MICROWAVE JOURNAL m JUNE 2013



http://www.westbond.com
mailto:sales@westbond.com

=
smaller™
IS BETTER

Design with ROGERS e
matgrials for smaller antennaguss®™

The Leader in HIGH Dielectric Constant Circuit Materials | ““) »

In today's mobile and connected world, designers must compact increased
functionality into smaller spaces. Smaller circuits are possible with high-
dielectric constant (high-€r) printed-circuit-board (PCB) materials. Rogers
offers the widest variety of high-€r PCB materials for high frequency circuit
designs that simply must be made smaller.

Look to Rogers Corporation not only for PCB materials with high-€r values,
but for circuit materials with the widest range of €r values in the industry.
Rogers' PCB materials provide circuit designers with true flexibility,

not just for the electrical performance they seek, but to achieve

it in the smallest-sized circuits possible.
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Around the Circuit

i 1% Laura Glazer, Staff Editor

MERGERS & ACQUISITIONS

Avago Technologies announced that it has acquired
Javelin Semiconductor. Based in Austin, TX, Javelin is a
leading developer of high performance 3G CMOS power
amplifiers. The acquisition of Javelin will form the foun-
dation of Avago’s RF CMOS design and development for
its wireless semiconductor division. According to Avago,
the acquisition is not expected to have a material effect on
Avago’s financial condition or results of operations in the
near term.

Q-par Angus Ltd. has been acquired by Solid State plc.
Q-par will now be known as Steatite Q-par Antennas.
It intends to remain one of Europe’s leading microwave
engineering experts specializing in the design and manu-
facture of ultra-wideband antennas, subsystems, antenna
components and consultancy.

Norsat International Inc. has closed a definitive agree-
ment to acquire certain business assets and assume certain
liabilities of a U.S.-based satellite communication systems
company. Norsat will pay US$530,170 and will finance
the transaction with cash from operations. The acquired
assets include new products and associated IP that align
with Norsat’s existing product roadmap and allow Norsat
to immediately enter new and additional areas within the
satellite communications markets with SSPAs, high power
BUCs, SATCOM baseband kits and Microsatellite termi-
nals.

COLLABORATIONS

NGI and Cambium Networks™ strengthened their
collaboration to deploy EOLOwave access technol-
ogy throughout Italy. Working collaboratively, Cambium
Networks has already provided NGI with its portfolio of
Canopy® Point-to-Multipoint (PMP) solutions. The two
companies will work together to develop EOLOwave so
that it offers ultra-broadband 30 Mb/s speeds, which have
been set as a key goal by the European Digital Agenda.

In the latest round of GSM network construction, China
Mobile Guangxi Branch and Eriesson have joined togeth-
er to deploy City Site, an innovative radio site solution that
has been put into commercial use on a trial basis. The City
Site, which has been deployed with the standard RBS6601
base station, has an integrated Omni Antenna, which only
covers a small area and is, therefore, easy to deploy. It
could also be launched with just access to power and trans-
mission cables. According to the test of the live network,
the City Site has effectively met the capacity and quality

needs of network coverage.

7Layers has selected Anite’s LTE device test solution for
conformance and mobile operator acceptance testing in
Suwon, South Korea. 7Layers has been using Anite’s 2G,

3G and LTE device testing solutions at a range of its global
facilities for over ten years. Increasing demand for LTE has
led 7Layers to further extend its LTE test capabilities in
South Korea using Anite’s device test solutions.

Element Six announced, in collaboration with Delft
University of Technology, the entanglement of electron
spin qubits (quantum bits) in two synthetic diamonds sepa-
rated in space. This breakthrough is a major step toward
achieving a diamond-based quantum network, quantum
repeaters and long-distance teleportation — changing the
way information is processed and enabling new systems to
efficiently tackle problems inaccessible by today’s informa-
tion networks and computers.

Aeris® Communications announced it has partnered
with SimplyHome to launch the most innovative home
care solution for independent living — specifically tailored
to serve aging and disabled populations nationwide. The
new assistive living solution utilizes machine-to-machine
(M2M) communications to eliminate the need for just-in-
case staff time. By communicating with multiple sensors to
observe activities of daily living, SimplyHome can proac-
tively alert caregivers and loved ones of wellness priorities
and changes in behavioral patterns. Text, email, or phone
alerts can then be generated by a single event, a combina-
tion of events, or by inactivity.

NEW STARTS

Computer Simulation Technology AG (CST) has an-
nounced the incorporation of its office in Bengaluru, India.
The founding of CST India Private Ltd. is a major mile-
stone in the company’s operations in India. CST India will
organize training sessions and workshops, while also at-
tending conferences throughout the region.

Nuvotronics has announced the opening of a new 40,000
square-foot manufacturing facility in Durham, NC. The
space will integrate research, development, design and
10,000 square feet of cleanroom operations for a new 8"
walfer fabrication line, assembly and test for its proprietary
PolyStrata® architecture. With the company’s increased
capacity, it plans to grow its product areas in miniaturized
next-generation phased arrays, solid state power amplifi-
ers, and advanced microwave and millimeter wave passives
such as baluns, filters, diplexers, and time delay units.

CONTRACTS

Spotsylvania County, VA, has awarded Harris Corp. a $19
million contract to replace its existing public safety radio
system with one that improves its coverage area and is
based on the latest technology standards. The new system
will improve communications for law enforcement, fire
service and EMS personnel who serve one of Virginia’s

For up-to-date news briefs, visit mwjournal.com

58

“n

MICROWAVE JOURNAL m JUNE 2013


http://mwjournal.com

H P KO series

High Performance

Crystal Oscillators
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FEATURES:

» Excellent Performance

» Oven / Voltage Conftrolled

» Ultra Low Phase Noise

» High Stability

» Standard Compact Package
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Around the Circuit

fastest-growing counties. The new Harris system includes
seven new transmission sites and increases the communi-
cations capacity and extends coverage to more than 95 per-
cent of the county.

Northrop Grumman Corp. has been awarded a $14.1
million option to complete development of the Joint
Counter Radio-Controlled Improvised Explosive De-
vice (RCIED) Electronic Warfare (JCREW) Increment
1, Block 1 (I1B1) System of Systems. JCREW is a next-
generation system to protect warfighters, vehicles, wa-
tercraft and permanent structures from RCIEDs. The
award from the U.S. Naval Sea Systems Command
(NAVSEA) funds Northrop Grumman to finalize the
system through the development and demonstration
phase in preparation for Milestone C.

Ceragon Networks Ltd. has announced that a leading
mobile operator in the Southern Cone region of Latin
America has placed new orders for the company’s prod-
ucts and services valued at more than $8 million. This
network upgrade project is based on Ceragon’s lead-
ing short haul and long haul solutions and will enable a
range of 3G and future 4G services to millions of users
across the Southern Cone. The project is expected to
be completed by Q3 2013. Capacity expansion is a key

CUSTOMIZED DESIGN QUATES IN 24 HOURS
www.pulsarmicrowave.com

‘ Power Dividers, DC-60 Gz

Hybrlds to 40 GHz
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factor in this network upgrade project, as Latin America
continues to experience a growing demand for broad-
band services.

Mercury Systems Inc. has received $6.9 million in follow-
on orders from Lockheed Martin for high performance
signal processing subsystems as part of the U.S. Navy’s
Aegis Ballistic Missile Defense (BMD) upgrade program.
The orders were booked in the company’s fiscal 2013 third
quarter and are expected to be shipped within its fiscal
2013 fourth quarter.

Cassidian has signed a seven-year system maintenance
contract with the Swedish Civil Contingencies Agen-
cy (MSB) for the Rakel nationwide radio communica-
tions network. The contract includes third line support,
a hardware repair service and the supply of TETRA sys-
tem equipment and software, and will be effective from
April 1, 2015.

A consortium of defense and security company Saab’s sub-
sidiary HITT Traffic, Ambriex and RR) Engenharia have
been awarded a contract by Brazilian airport operator In-
fraero to provide an A3000 Advanced-Surface Movement
Guidance and Control System (A-SMGCS) at two interna-
tional Brazilian airports. The system will now support air
traffic controllers at Rio de Janeiro-Galedo International
Airport and at Afonso Pena International Airport in Curi-
tiba and help them guide airport traffic, especially during

low visibility conditions such as fog and at night.

MICROWAVE CORFORATION
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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,

(8) 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!

See minicircuits.com for technical specifications, performance data, pricing, and real-time, in-stock availability!
Mini-Circuits...we’re redefining what Value is all about!
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Around the Circuit

ITT Exelis has been selected by Raytheon UK and the
Canadian Department of National Defence to pro-
vide anti-jam GPS antenna arrays for several Canadian air-
borne military platforms. The N79 Controlled Reception
Pattern Antenna (CRPA), which will be used on fixed and
rotary-wing aircraft, prevents deliberate jamming and un-
intentional interference of timing signals when integrated
with anti-jam GPS systems. The company has also been
awarded a contract by NASA’s Jet Propulsion Laboratory
(JPL) to provide specialized antennas for the Constellation
Observing System for Meteorology, Ionosphere &
Climate-2 (COSMIC-2) program. Exelis will provide
JPL with 25 high-accuracy multiband Global Navigation
Satellite System (GNSS) antennas.

PEOPLE

Crane Co. anmounced that Eric C.
Fast, CEO, will retire in January 2014.
Fast joined Crane in 1999 as president
and COO and was promoted to CEO in
January 2001. He will be succeeded by
Max H. Mitchell, currently president
and COO. Mitchell, 49, joined Crane in
X 2004 as vice president of operational ex-
A Max H. Mitchell cellence, was promoted to president of
fluid handling in 2005, became execu-

The

Largest family of

tive vice president and chief operating officer in May 2011,
and was appointed president of Crane Co. in January 2013.

TMD Technologies Ltd. has opened
a U.S. subsidiary and appointed Mike
Farley as its CEO. TMD Technolo-
gies LLC, based in Baltimore, MD,
will offer a significant benefit to U.S.
customers, bringing local technical
support, dealing with export compli-
ance and handling classified inter-
changes. Farley joins TMD with an
extensive background in bringing in-
ternational technological solutions to the U.S. defense
market. He will implement a Special Security Agree-
ment with the Defense Security Service, which allows
TMD to execute on classified contracts with U.S. secu-
rity cleared personnel.

A Mike Farley

National Instruments announced the
promotion of Eric Starkloff to senior
vice president of marketing. Starkloff
leads the organizations responsible for
strategic planning, positioning the com-
pany’s innovative hardware and software
j platforms, marketing NI's products and

d corporate brand, and creating an effec-
A Eric Starkloff tive eBusiness platform. Starkloff joined
NI in 1997.

RF Power Devices

4 N\
Introducing the Newest Family of 48V GaN RF Power Devices
NPT2018 NPT2020
12 (3X6 DFN) 50 (AC360)
NPT2019 NPT2010
25 (3X6 DFN) 100 (AC360)
50 NPT2021 Covering frequencies from DC up to 4 GHz.
(T0272)
NPT2022
100 (T0272)
Higher performance. Lower cost. * New products. New capabilities. Proven Technology.
- J

Broadband / General Purpose RF Power Transistors ¢ GaN MMICs

nitronex.com

A GaasLabs Company
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Around the Circuit

Newtec has appointed former
Technicolor, Alcatel-Lucent, and ECI
Telecom executive Mario Querner as
the company’s new VP Asia. He will lead
the company’s business activities in Asia
and the Pacific. Prior to joining Newtec,
Querner worked as Head for South-
East Asia at ECI Telecom, based in
Singapore and he has more than 25
years of international business experi-
ence in telecommunications and media, working in both
Europe and Asia.

'1 Hesse Mechatronics Inc. has appointed

A Mario Querner

r!‘

Michael McKeown as senior business de-
. velopment manager. McKeown will be in
charge of strengthening Hesse Mecha-
tronics’ position in the power electronics
market. He will also focus on promoting
thin wire bonder sales. McKeown carries
almost three decades of experience in the
automotive and power electronics industry
and is the author of more than a dozen
technical papers and journal articles. He is currently working
toward his PhD at Leeds Metropolitan University.

A Mich.ael McKeown

Linwave Technology has appointed
Aftab Khan as sales and marketing direc-
tor. Khan, who holds an MSc in RF Com-
munications Engineering from the Uni-
y versity of Bradford, UK, has an accom-
plished track record in identifying and
developing relationships with key custom-
ers and strategic partners around the
A Aftab Khan world. He joins the company with several
years’ experience in the RF & microwave
field as a sales manager and RF applications engineer at com-
panies such as Pascall Electronics and Mini-Circuits.

UK-based small cell backhaul developer and manufac-
turer Sub10 Systems announced a range of new global
appointments as the company looked to further expand
its international operations. Frank Pauer becomes chief
sales and marketing officer having previously been glob-
al account director. Bob Dowell becomes global busi-
ness development director with special responsibility
for North American markets and partnerships. Grant
Grafton, one of the founders of the business, moves
from his sales and marketing role to become global di-
rector for regulatory affairs and compliance.

REP APPOINTMENTS

AR Europe has named Compomill Nordic Components
to represent its products in various Nordic countries and
the Baltic States.

RFMW Ltd. and RF Circulator Isolator Inc. (RFCI) an-
nounced a worldwide distribution agreement effective
April 3, 2013. According to the agreement, REMW will
distribute RFCT’s portfolio of ferrite products.
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Envelope Tracking
Fundamentals and
Test Solutions

here was once a time when your cell
I phone could go for days without need-
ing to be recharged. Today, despite the
innovations in cell phone battery technology,
new demands, such as more internal radios
and larger and higher resolution screens, place
a greater drain on battery life than ever before.
As a result, engineers must consistently inno-
vate to reduce the power consumption as new
technology is added to a cell phone. Today, en-
velope tracking (ET) is an increasingly popular
technique used to optimize the power-added
efficiency (PAE) of the RF power amplifier
(PA) which is one of the primary drains on bat-
tery life. This article covers the fundamentals
of ET using data gathered from an RF PA to
identify crucial ET parameters. Based on these
parameters, a PXI-based measurement setup is
proposed and analyzed that meets the stringent
requirements of ET test.

WHY ET?

PAs are most efficient when they are op-
erated at peak output power, where the gain
enters compression. For a typical W-CDMA/
HSPA+/LTE PA, it is possible to obtain up to
50 percent efficiency when the device is oper-
ating at peak output power. However, much of
the efficiency is reduced because modern com-
munication standards such as W-CDMA and

LTE use modulated signals with increasingly
higher peak-to-average power ratios (PAPR).
Moreover, because the amplifier's magnitude
response becomes highly nonlinear at com-
pression, its output power is typically ‘backed
off” from the peak power by the PAPR. For
LTE waveforms, the PAPR can be as high as 7
or 8 dB resulting in a PA that is operating at an
average output power well below its optimum
value.

While several techniques can be used to im-
prove the PAE of the amplifier, digital predis-
tortion (DPD) for example, ET is quickly gain-
ing traction amongst commercial PA vendors.
In fact, base stations have been employing ET
for over a decade in order to not only increase
efficiency, but also to reduce cooling require-
ments due to energy dissipated as heat.

PRINCIPLES OF ET

The principle behind ET is to operate the
amplifier in compression as often as possible.
This technique makes use of the fact that both
the point of peak efficiency and the point of
peak output power vary as the supply voltage

SEAN FERGUSON AND

HAYDN NELSON
National Instruments, Austin, TX
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table (LUT) that

0.1

= |

maps output power
to a PAE optimized

o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Pout (d Bm)

A Fig. 1 PAE vs. B, ; across V..

ut

changes. To illustrate this point, Fig-
ure 1 displays PAE as a function of
output power for several V. values.
The trend we observe is that the out-
put power of peak efficiency increases
with an increase in V.

The basic idea of ET is to map in-
stantaneous output power to an opti-
mal V,, value thereby maximizing the
time the amplifier spends on the edge
of compression. The theoretical PAE
using ET for this particular ampli-
fier is shown in Figure 1 as the green
trace. As illustrated, the effective PAE

V.. value (as shown
in Figure 2). Note
there is a lower
bound placed on
the V,, signal at 1 V.
This boundary has bandwidth implica-
tions explained later.

While the idea of modulating the
V.. signal to maximize PAE is good
in theory, this is difficult to execute in
practice. A consequence of varying V..
as a function of output power is that
the amplifier’s gain will dynamically
change as V. is changed, thus increas-
ing AM-AM distortion. This effect can
be reduced by using a smaller range
of V. levels, which leads to a design
tradeoff between PAE and AM-AM
distortion. DPD algorithms can be ap-
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A Fig. 3 Test case 1 W-CDMA PDF.

plied to the baseband RF waveform in
order to correct for additional distor-
tion introduced by ET.

The PAE results shown in Figure 1
were based on a continuous wave sig-
nal. Using these values and the proba-
bility density function (PDF) of power
P(P,,,) for a particular waveform, an
expected PAE for a modulated signal
can be estimated, as shown in equa-
tion 1.

E(PAE)=X_ PAE®P )PP, ) (1)

<Pout> out out

For use in this equation, Figure
3 shows the PDF for a test case 1
W-CDMA waveform with an average
RF power of 0 dBm. By shifting this
waveform to a specific average output
power, we can estimate the efficiency
of the amplifier with this particular
modulated signal.

This calculation treats PAE as a
random variable and assumes that the
PAE vs. P, measurements are static,
i.e., they do not vary in time. While
the calculation in equation 1 gives us
a good approximation of PAE, actual
PAE can vary slightly over time due to
memory effects present in the ampli-
fier and gain variation due to temper-
ature. Figure 4 shows the measured
vs. calculated PAE for the test case 1
W-CDMA modulated waveform at a
fixed V. as well as the expected PAE
under ET conditions assuming an
ideal V. modulator. Note that the ex-
pected and measured PAE curves are
very close and only begin to diverge
at higher output powers. The discrep-
ancy can most likely be attributed to
memory effects within the PA. Com-
paring the expected PAE for an ideal
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A Fig. 4 Measured and theoretical PAE for
fixed and ET V,, with test case 1 W-CDMA
waveform.
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ET power supply (green curve) to the
measured PAE for a fixed supply (blue
curve), we see that ET could theoreti-
cally achieve twice the efficiency over
a wide range of output power.

While ET promises considerable
efficiency improvements, one must be
aware that there are many tradeoffs
involved with ET PA design. In fact,
optimizing for one parameter will re-
quire tradeoffs of other parameters in
the system. As a result, the design pro-
cess of choosing the optimal V_ levels
for a given output power is highly it-
erative and necessitates the ability to
quickly and reliably test design deci-

sions.

ET TEST CHALLENGES

ET test adds another element to
an already complex system. In order
for a PA to successfully implement an
ET scheme, careful synchronization
between the RF baseband waveform
and the supply voltage is required. As
shown in Figure 5, a typical ET test
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A Fig. 7 Spectra of 10 MHz LTE waveform and PAE optimized V,,.
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system uses an RF
signal generator and
analyzer, a high-
speed digital wave-
form generator for
controlling the PA,
and a power supply
to power the ampli-

fier.

Power Supply
One significant

test challenge of ET
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is the high bandwidth required for the
power supply waveform. The band-
width requirements for the envelope
waveform are typically far greater than
those of the RF waveform. To analyze
this phenomenon, consider the V,,, vs.
P, LUT shown in Figure 2 and an
LTE 10 MHz bandwidth signal. Fig-
ure 6 shows the PAE optimized V.
waveform and the associated power
vs. time plot for the corresponding
LTE signal. A spectral analysis shows
that the bandwidth of the V. wave-
form is at least three times more than
that of the RF waveform. The high
bandwidth requirement is due to two
factors: one, V. is a function of RF
magnitude and two, clipping occurs
due to the lower bounds imposed in
the LUT, as seen in Figure 2.

In fact, for a 20 MHz LTE wave-
form, the V,, waveform should have
at least 60 MHz of bandwidth — a
result shown in Figure 7. Moreover,
in cases where wideband DPD is ap-
plied, the bandwidth requirements of
the V. waveform are often up to five
times the bandwidth of the actual RF
signal. As is discussed in the next sec-
tion, it is not enough that an arbitrary
waveform generator (AWG) is capable
of wide bandwidths, but it must also
have excellent time resolution.

A second challenge with the supply
voltage is that AWGs cannot supply
enough current to power a PA, and
power supplies do not have the band-
width required for ET. The solution to
this problem is to drive the PA with
a power modulator that is driven by a
DC source and modulated V. signal
from an AWG, as shown in Figure 5.

Instrument Synchronization

The most difficult ET test chal-
lenge is ensuring instrument synchro-
nization between the RF signal gen-
erator and the AWG. Since maximiz-
ing the PAE of the PA occurs when we
choose an optimal V. value based on
the input power, poor synchronization
between these instruments will result
in having a V. value that is either too
high or too low for any given output
power.

Consider what would happen if the
V.. waveform lags the RF: the power
modulator will not be able to supply
enough power to the device when the
waveform is at peak power. As a result,
the RF output would clip several dB
below the desired output power. Fur-
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thermore, immediately following a
waveform peak, the power modulator
will be supplying much more power
than the amplifier requires, thus re-
ducing efficiency. A similar situation
occurs if V. leads the RF. The RF sig-
nal generator and AWG must not only
be synchronized, but the synchroniza-
tion should also be repeatable.

A PXI-BASED TEST SOLUTION
Instrument synchronization is a

crucial specification of an ET test
setup. Because of the stringent syn-
chronization requirements, the PXI
platform is well suited to solve the
challenges of ET test. In a PXI test
system, modular instruments are in-
terconnected through a chassis back-
plane containing a number of clock
and trigger distribution lines. This sin-
gle chassis integration simplifies the
instrumentation setup and improves
system synchronization.
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ET PAs typically have to operate
with an RF signal generator and V.
synchronization jitter less than 1 ns,
which requires the test setup to be
considerably better — preferably in
the order of 100 ps. PXI allows for
tight synchronization with the use of
a ‘T-Clock” backplane synchroniza-
tion routine. “T-Clock’ is a mecha-
nism for aligning sample clocks and
starting triggers such that all devices
begin generating simultaneously. For
example, the NI PXIe-5451 AWG
and the NI PXIe-5644R vector signal
transceiver were benchmarked with
maximum synchronization jitter less
than 50 ps, and therefore meet this
requirement.

Synchronizing the RF signal gen-
erator and AWG is only half the chal-
lenge. The modulated V, signal and
RF waveforms go through different
paths before reaching the amplifier
and therefore experience different de-
lays. Thus, it is also important to pro-
grammatically delay or advance the
V.. waveform relative to the RF signal
in order for the modulated power sup-
ply and RF signal to be aligned with
sub-nanosecond skew at the amplifier.

A simple way to delay the V. signal
relative to the RF signal by an integer
multiple of the AWG samples is to in-
sert ‘wait’ cycles in the beginning of
the generation script. In order to get
more precise delay, the RF waveform
can be shifted in software or in hard-
ware on the vector signal transceiver’s
FPGA using a digital filter. The advan-
tage of the hardware solution is that it
can perform the time shift much more
quickly than the equivalent software
filter, thus reducing the amount of
time it takes to identify the optimum
alignment between the AWG and vec-
tor signal transceiver. At the nominal
V.. sample rate of 400 MS/s, an arbi-
trary delay with picosecond resolution
can be attained.

The final piece of test equipment
required for this measurement setup
is a power supply capable of source
and measurement. A battery simula-
tor — as opposed to a standard source
measure unit (SMU) is usually pre-
ferred for this application due to the
high slew rates required by PAs. Note
that in some instances, a high-speed
digital waveform generator capable of
generating patterns up to 26 MHz at
1.8 V is also required for digital con-
trol of an MIPI-capable PA.
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A Fig. 8 PAE optimized V,, tracking RF.
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RESULTS
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nected to two channels of a 2.5 GS/s
digitizer. The vector signal generator
generated a 10 MHz LTE FDD up-
link waveform at 800 MHz using the
V.. vs. P, LUT shown in Figure 2.
On the initial run, the two waveforms
are roughly 1 ps out of sync with one
another due to pipeline and DSP de-
lays within both instruments. Using
the delay algorithm described in the
previous section, both waveforms can
be aligned through a combination of
wait samples and sub-sample delays.

Figure 8 shows these results with
the V,, waveform scaled so that it has
a magnitude comparable to the RF
waveform. The graph shows the two
waveforms aligned with one another
but, more importantly, this relation-
ship holds between successive runs of
the application, even after power cy-
cling the system.

A high-speed digitizer is useful for
visually inspecting the alignment of
the two waveforms at the input of the
amplifier, but it does not measure the
performance of the amplifier. As we
learned in the previous section about
the importance of synchronization, V.
and RF misalignment severely affects
the linearity of the amplifier. For this
reason, it is also possible to use an ad-
jacent channel power (ACP) measure-
ment to evaluate the optimal alignment
of V.. and RF. The amount of ACP
degradation is device specific but users
can expect to see a signiﬁcant improve-
ment in this measurement using an RF
signal analyzer when the synchroniza-
tion is optimally calibrated.

CONCLUSION

Within the past decade, ET in cellu-
lar base stations has proven itself to be
an effective means of increasing power
amplifier efficiency and reducing cool-
ing requirements due to wasted energy
dissipated as heat. As wireless standards
have continued to evolve, mobile hand-
held device manufacturers are looking
to leverage ET for these same benefits
as well. While ET promises consider-
able power savings and extended bat-
tery life over conventional fixed power
supplies, it does propose significant in-
strumentation challenges to PA design-
ers and test engineers. The PXI-based
test solution presented here addresses
the most crucial measurement chal-
lenges and, based on measured results,
makes it a very compelling ET PA test
solution. H
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PHEMT Distributed
Power Amplifier
Adopting Broadband

Impedance

Transformer

A non-uniform drain line distributed power amplifier (DPA) employing a

broadband impedance transformer is presented. The DPA is based on GaAs

PHEMT technology. The impedance transformer employs asymmetric coupled

lines and transforms a low output impedance of the amplifier to a standard

50 Q) transmission line. The output power of approximately 600 mW, with an
associated gain of 9 dB and PAE greater than 30 percent, is demonstrated in the

frequency range from 10 to 1800 MHz.

istributed power amplifiers (DPA) are
known for their flat gain, linear phase
response and low return losses over a
wide bandwidth.! The power-added efficiency
(PAE) of the conventional DPA, however, does
not typically exceed 20 percent. The degrada-
tion is primarily caused by the fact that the
drain current is split into two branches forming
waves traveling toward the output load and the

76

i Lg, ng
"L

1

Fig. 1 Simplified four-section DPA adopting a non-uniform drain line.

dummy termination. Several research groups
have addressed the problem of DPAs’ low ef-
ficiency and limited output power, suggesting
solutions to overcome these limitations.23 To
increase the DPA efficiency, the drain current
from each transistor must be pushed toward the
load termination. In this way, the effect of the
drain dummy termination can be mitigated.?
Another design methodology for a non-uniform
DPA, employing optimal loading for each de-
vice to maximize power and efficiency, has been
demonstrated.? K. Krishnamurthy et al* have
described a DPA without an output synthesized
transmission line, where delay equalization

K. NARENDRA

Motorola Technology, Penang, Malaysia

E. LiMITI AND C. PAOLONI

University of Roma Tor Vergata, Roma, Italy

V. ZHURBENKO
Technical University Denmark,
Lyngby, Denmark

MICROWAVE JOURNAL m JUNE 2013



O Cooler.

More Oomph.

It's what performance
leaders are made of.

As the market leader and pioneer in the world of RF power, we never
stop innovating to simplify your design process and speed you to
market. Our plastic RF power products stand out with unmatched
thermal performance and maximum output power. Our GaAs MMICs
offer unique features that enable a step function in performance for
small cells and macro base stations. Whatever your RF needs,
wherever you are in the world, make it better with us.

Learn more at freescale.com/RF

R/ [

»  Make it

Freescale and the Freescale logo are trademarks of Freescale Semiconductor, Inc., Reg. U.S. Pat. & Tm. Off. R/ < f I ™
- fTreescaie

All other product or service names are the property of their respective owners. © 2013 Freescale Semiconductor, Inc.


http://freescale.com/RF

Technical Feature

STEPPED IMPEDANCE SECTION

COUPLED LINES

AIR BRIDGE
1 o : /4\ STEPPED IMPEDANCE LINE
\ 1 4
=/ Wiy -
2 3] ——oour IN w2
~— (12.5 Q|LINE) wi wa 7
/
N T 4]

COUPLED LINES ~~

our
(50 Q LINE)

(a) (b)

Fig. 2 Compact impedance transformer (a) circuit diagram and (b) microstrip realization.

is provided by impedance-matching
Vistt Frontlynke@ sections between common-source and
Booth 411, IEEE MTT-S IMS2013 c01n1n011-gate devices.

This article discusses an alterna-
tive design approach, based on vir-
tual impedance analysis, considering
multi-current sources and adopting a
coupled line impedance transformer.
The described approach leads to an
increase in efficiency up to the levels
required by software defined radio
(SDR) driver PA applications.

"'ﬁruntlgnk: _
Connectors and Cables up to Q

In the DPA topology shown in Fig-
ure 1, each device contributes to the
overall output impedance of the ampli-
fier. The value of the load impedance
R is chosen for optimal power perfor-
_ mance across the required frequency

1 range of the four-section PHEMT
¥ Directional Coupler DPA with non-uniform drain line. An
m-derived section is implemented
at both terminations of the gate line.

Te st Cab] e & Each device is supplied with 5V, while
a bias voltage of 0.44 V is applied to

each gate, resulting in Class AB opera-
Adaotors for VNA tion f%)r the activegdevices. The ngces—
sary phase velocities synchronization
reat Performance between the gate and drain lines is
- achieved by adopting a non-uniform
[ R e e e ate line design and selecting an out-
WMSEERCUS Lozt o f);ut load R eqﬁal to 12.5 Q). g
In order to match the entire circuit
o - Fuaid Dallsary to a standard 50 ) load over the broad
5 - frequency range of operation, a wide-
e YT T f ot WA T band impedance transformer having
a transformation ratio of 1:4 has been
implemented. The impedance trans-
former employed in this design is based
on asymmetric, uniform coupled lines
as shown in Figure 2, where the dimen-
sions are | = 42.14 mm, w; = 0.53 mm,
wy = 1.57 mm, wy = 1.21 mm and w,
= 1.5 mm. Coupled transmission lines
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transmission lines.? Traditionally, cou-
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pled and through ports of the coupled
lines are either short- or open-circuited,
which is not the optimal choice from a
bandwidth point of view. When loading
the coupled and through ports with a
stepped impedance transmission line,
the operating bandwidth of the trans-
former can be considerably increased.
The adopted configuration in this case is
a quarter-wavelength long and provides
a three times wider operating frequency
range, compared to the traditional quar-
ter-wave transformer.

The performance of the broadband
impedance transformer was verified
with a full-wave 3D simulator. The in-
put, (port 1) is terminated with a 12.5
Q line and port 3 is connected to a 50
) SMA connector. Since port 1 will
be connected to a 50 ) SMA connec-
tor in real measurement, the two-port
S-parameter data of the connector
must be de-embedded for accurate
results. The measured insertion loss
results in less than 1.5 dB across the

operating bandwidth.
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Fig. 3 Photograph of the high-efficiency
DPA prototype board.
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Fig. 4 Measured (dotted line) and
simulated (solid line) results of the DPA as a
Sfunction of frequency.

A medium power PHEMT device
(ATF511PS from Avago Inc.) is selected
for amplifier realization. The drain load-
ing effect of this device is negligible,
however the reactive part of its output
1mpedance (Xopt(w)) plays an important
role in defining the drain line cut-off
frequency {.. The value of the output
capacitance CO . is extracted (including
parasitics of the package), resulting in 4
pF. The cut-off frequency of the ampli-
fier then can be estimated by

1

© nJLC,,
Therefore, to achieve an f, of approxi-
mately 2 GHz, the values for the drain
inductances Lg; (here i = 1...4) can be
selected.® The dummy drain termina-
tion is omitted, improving the overall
efficiency.

In order to experimentally validate
the concept of high efficiency DPA with
broadband impedance transformer, a
prototype circuit has been fabricated
using Rogers’ three-layer printed circuit
board (PCB) material, with a relative
permittivity . = 3.66 and a thickness
h = 0.762 mm. A series gate resistor
R, ofk) = 5 € is used at each section for
Std ility purposes. The top layer is used
for lumped components as well as RF
and DC line routing. A photograph of
the fabricated DPA board is shown in
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Figure 3. The effective size of the DPA
is 24 x 74 mm.

The measured large signal DPA char-
acteristics are shown in Figure 4. An
output power of ~600 mW, a gain of 9
dB and a PAE exceeding 30 percent are
achieved. A good agreement between
simulation and measured results is ob-
tained. This proves that the PAE is great-
er than 38 percent at low frequencies.
An efficiency of more than 30 percent is
recorded across the bandwidth of opera-
tion. It is evident from the measurement

results that the concept to achieve high
efficiency is demonstrated. Nevertheless,
the DPA performance at higher frequen-
cy operation can be improved further
with transformer optimization.

A transformer concept? is an al-
ternative solution to be integrated
with the proposed DPA. On the oth-
er hand, a high power performance
covering from 100 to 1800 MHz was
demonstrated, using GaN HEMT,7$
which is suitable for high output pow-
er level of SDR applications.
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A DPA employing a non-uniform
drain line is presented in this article.
The chosen architecture exhibits im-
proved characteristics in comparison to
the traditional designs in terms of effi-
ciency. The efficiency and output pow-
er of the amplifier is further improved
by decreasing the value of the output
impedance. The output impedance of
the amplifier is then transformed to
the standard 50 Q termination, using
a compact and broadband distributed
impedance transformer based on cou-
pled transmission lines. The proposed
approach allowed increasing the ef-
ficiency of the DPA to typically better
than 30 percent over a wide frequency
range. The resulting circuit exhibits a
power performance suitable for SDR
DPA driver applications. H
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Compact Triple-
Band Bandpass Filter
With Multimode

Resonator

A compact microstrip triple-band bandpass filter (BPF), using a multimode
short stub loaded resonator and two N2 side-coupled resonators, is proposed in

this article. The characteristics of the multimode resonator are investigated by

using even and odd mode analysis. This filter’s three passband frequencies and
their bandwidths can be designed and tuned independently. For demonstration

purposes, a filter with triple-band elliptic response operating at 2.45 GHz (ISM
band), 3.5 GHz (WiMAX band), and 5.75 GHz (WLAN band) was designed,
fabricated and measured. The measured results are in good agreement with the

full-wave simulation results.

ith the increasing demands for triple-

‘ ; s / band applications in modem wire-
less systems, research on innovative

designs of triple-band filters has become very
popular recently. Configurations of compos-
ite split-ring resonators (SRR) have been used
to design a triple-band filter.! A triple-band
bandpass filter (BPF) has been proposed using
three pairs of degenerate modes in a ring reso-
nator.> A square ring loaded resonator (SRLR)
has been proven in the design of a triple-band
filter3 The SRLR can generate a triple-band
response by tuning its geometric parameters
to realize the high-order tri-band. The square
ring short stub loaded resonators (SRSLR) have
been introduced for the design of the tri-band
filter.* The passband frequencies can be conve-
niently tuned to the desired values by control-
ling the corresponding resonator dimensions.

Tri-band BPFs can also be constructed using
several stepped-impedance resonators (SIR).>-

In this article, the tri-band performance
is realized by using a multimode short stub
loaded resonator and two N2 side-coupled
resonators, which are arranged in a compact
structure. The passband frequencies and their
bandwidths can be independently tuned to the
desired values by controlling the correspond-
ing parameters dimensions. For demonstra-
tion, a prototype is designed, fabricated and
measured.

HAIWEN LIU, JTUHUAI LEI,
YULONG ZHAO AND WENYUAN XU
East China Jiaotong University,
Nanchang, China
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PROPOSED SHORT STUB
LOADED RESONATOR

As shown in Figure 1, the pro-
posed short stub loaded resonator
consists of a ring resonator with two
short stubs and two open folded mi-
crostrip lines. Since the resonator is
even symmetrical to the dashed line,
its resonant characteristics can be ex-
amined by the even- and odd-mode
method. The odd-mode and even-
mode equivalent circuits are shown in
Figure 2. The odd-mode equivalent
circuit contains two resonant circuits.
The two odd-mode resonant frequen-
cies can be obtained as follows:3

£ ¢
odd1 4 (Lz i Lg) (—8€ff‘
3c

foade = 1)

4(Ly +Lg)/eesr

where c is the speed of light in free
space and g is the effective dielectric
constant of the substrate.

Y, and Y, are the characteristic
admittances of the lines with widths
W, and W,. Y, is set equal to Y/2 for
simplicity. For the even-mode excita-
tion, the resonant frequencies can be
obtained as:

£ = ¢
evenl 4(Ly+Lg +Ls)\feur
3¢

oo = 2
even2 4(L1+L3+L4)\/Ee7 ( )

From Equations 1 and 2, it can
be seen that the first passsband can
be determined by L, and L; and its
bandwidth is tuned by Ls. Similarly,
the second passsband may be given
by L; and Lj and its bandwidth is
changed by L,. Thus, by reasonably
designing the parameters L;, L, and
L;, the dual-band frequencies are ap-
proximately allocated in the suitable
passbands and their bandwidths can
be independently modified by vary-
ing L and Ls, respectively. For dem-
onstration purpose, this resonator is
simulated by Sonnet 11.54 and the
simulated electric current densities of
the four modes are presented in Fig-
ure 3, with W, = 0.3 mm, W, = 0.6
mm, L; =124 mm, Ly = 6.5 mm, L
=10.58 mm, L, = 0.7 mm, Ly = 1.08
mm and ., = 2.50 GHz (a), {44, =
2.68 GHz (b), {00 = 547 GHz (c),

Wl"l -

Ar ig. 1 Layout of the proposed short stub
loaded resonator.

L
_l Y
L3
Y _|
L,
Y1
(a)
L [ Ys/2
L J_
_l Y; -
TT
Ls _l'*5_ Ys/2
Y1
L,
Y1
———
(b)

A Fig. 2 Equivalent circuits (a) odd-mode
and (b) even-mode.
TRI-BAND BPF DESIGN AND
RESULTS

Figure 4 describes the layout of
the designed filter. This filter is com-
posed of a single short stub loaded res-
onator and a pair of half-wavelength
(M2), side-coupled resonators, with
length Lg + L, and width W,. The for-
mer is used to generate two passbands
for dual-mode dual-band BPF design.
The latter is applied to generate the
third passband for two-pole BPF de-
sign and its bandwidth can be tuned
by the gap g,.% Also, the pair of side-
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coupled resonators encircles the short
stub loaded resonator and serves as
part of feed lines, so that a compact
size is realized.

This triple-band filter was fabri-
cated on a substrate with a relative
dielectric constant of 4.5 and a thick-
ness of 0.8 mm. The dimensions of the
filter are optimized as follows: W, =
0.3 mm, Wy = 0.6 mm, L; = 12.4 mm,
L, = 6.5 mm, L; = 10.58 mm, L, =
0.7 mm, Ly = 1.08 mm, Ly = 11.6 mm,
L; = 12.91 mm, g; = 0.4 mm. Figure
5 shows the equivalent circuit of the
proposed tri-band BPF. The capaci-
tor C; simulates the coupling strength

passband performance at 2.45, 3.5
and 5.75 GHz. The three passband
frequencies and bandwidths of this
filter can be tuned independently by
properly controlling the parameters
dimensions of these resonators. The
measured results are in good agree-
ment with the simulations, verifying
this design. This compact triple-band
filter is particularly suitable for multi-
band and multi-service applications in
communication systems. |
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simulation (Ansoft & -
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net 11) for the pro- |
posed filter. l?[’he -- _l L, - -,____I L_- 0
equivalent  circuit
simulation result is ® (d)
in good agreement
with the EM-simu- A Fig. 3 Simulated electric current density.
lation result.

A photograph of the fabricated tri- -«
band filter is shown in Figure 7. The 1 bt
measured and EM simulated results are = i
illustrated in Figure 8. Three pairs of =
transmission poles appear at 2.47/2.52, PORT L
3.4/3.49 and 5.58/5.72 GHz. The meas- !
ured 3 dB fractional bandwidths for
the three passbands (2.45, 3.5 and 5.75 P%RT
GHz) are found to be 10.2, 11.4 and Ly

5.56 percent, respectively. The meas-
ured minimum insertion losses are 1.1,
1.21 and 1.3 dB, while the return losses
are better than 34.6,
24.1 and 15.2 dB,
respectively.  Four
transmission  zeros |:|°°Y'
are created at 2.03,

3.15, 54 and 6.2 C
GHz, resulting in EORT
high selectivity.

CONCLUSION

In this article,

03Y1

el

A Fig. 4 Schematic of the proposed tri-
band BPF.

I

1—0 PORT 2

a compact triple-
band BPF is in-
troduced, which

has  good

1 1
L — L —
09Y1 ﬁ h

triple A Fig. 5 Equivalent circuit of the proposed tri-band BPF.
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A Fig. 6 Simulated responses of the pro-
posed filter.

A Fig. 7 Photograph of the fabricated
tri-band filter.
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A Fig. 8 Measured and EM simulated
results.
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Wide Stopband
Bandpass Filter
Based on Composite
Right/Left Handed
Transmission Line

A compact wide stopband bandpass filter, based on composite right/left handed

transmission line (CRLH-TL), is proposed in this article. The prototype filter

has a wide stopband performance, a compact size and low insertion loss in the

passband. A backside aperture is applied below the inter-digital part to realize
a strong coupling between the fingers. The filter achieves a sharp stopband

at both sides of the passband and low insertion loss within the passband. The

properties of CRLH-TL enable the spurious responses to emerge far away from
the passband of the bandpass filter. To further improve its upper stopband, two

U-shaped defected ground structures (DGS) are placed at the input and output
feed lines, respectively. Both filters are designed, simulated and fabricated. The

measured results show good agreement with the simulated ones.

bandpass filter is one of the key passive
A:‘omp()nents in the design of microwave

ommunication systems and various types
of bandpass filters that have been reported and
investigated."17 Recently, there has been a sig-
nificant interest in composite right/left handed
transmission line (CRLH-TL) and a lot of passive
circuits and antennas have been designed based
on this structure.18-3* Unlike the conventional
transmission line, CRLH-TL offers some unique
characteristics and is very useful in practical ap-
plications. CRLH-TL has been used to design
couplers; 1820 Jeaky-wave antennas with back-
ward and forward scanning capability were real-
ized by using CRLH-TL;?1* and the concept
of the zeroth- and negative-order resonance has
been proposed, based on the CRLH-TL,?-26 and
were utilized to design novel antennas and filters.

CRLH-TL has provided a new way for mi-
crowave resonator design and it has been dem-
onstrated as a good choice for size reduction
both theoretically and practically.25-29 Besides,
its nonlinear electric response ensures a wide
stopband. A CRLH-TL based filter using co-
planar waveguide (CPW) has been proposed.8
Though a wide stopband is obtained, the high
insertion loss makes it difficult for practi-
cal application. A CRLH-TL based filter has
been proposed.? The author has used a con-
ventional CRLH-TL unit, with one side open
circuited and the other side short circuited, to
realize a quarter-wave type resonator. Though

T. PAN, K. SONG AND Y. FAN
University of Electronic Science and
Technology of China, Chengdu, China
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A Fig. 2 Equivalent circuit of the proposed bandpass filter.
(a)
TABLE |
VALUES OF THE PARAMETERS USED IN FIGURE 2
0.51 pF [ 6.67nH 0.12 pF 0.1 nH 35 pF 1.59 nH 2.2 pF 0.20 pF
the quarter-wave The half-wavelength transmission line resonates when
type resonator is
half the size of 6=k k=12,3.. (3)
a half—wavg type The equivalent circuit model for the proposed bandpass
(b) resonator in  the filter is depicted in Figure 2. The electric coupling should
traditional  trans-

mission line con-
cept, the resonator
implemented by
CRLH-TL does not offer size reduction, compared with
a conventional CRLH-TL half-wave type resonator. More-
over, many shorted via holes are required in the structure,
which increases the difficulty for fabrication.

In this article, a second order, wide stopband, bandpass
filter is proposed. The modified CRLH-TL resonator is in-
troduced to obtain a stronger electric coupling. To further
broaden its upper stopband, a U-shaped slot is employed
to suppress the spurious passband. Both filters are care-
fully designed, optimized and fabricated. The measured
results show good agreement with the simulated ones.

A Fig. 1 Schematic view of the proposed
filter (a) top view and (b) bottom view.

DESIGN APPROACH

Figure 1 shows the configuration of the proposed filter.
Two resonators are involved to realize two transmission poles
in the passband. The resonator is composed of an interdigi-
tal capacitance and a short ended line as the shunt induc-
tance. To realize a strong coupling between the fingers, the
ground plane underneath the interdigital strips is removed
to form a backside aperture. Based on the composite right/
left handed transmission line theory, the resonator is open
circuited at both ends. Its closed-form dispersion relation
for the periodic implementation can be expressed by:35

2 2
B=larccos l—ll:(w—J +[O)—L) —K(DLQ}
P 2|\ oy ®

@

1
OR = ﬁrad/s
1; R ’K=LRCRLLCL>
®;, =—=rad /s
LLCL

where p stands for the size of the structure, so the electric
length can be expressed by:

6=Bp (2)

924

be the dominating coupling mechanism between the two
resonators. The grounded series resonators symmetrically
located near the input and output ports are used to get the
transmission zero generated by the feed lines. The values
of the inductors and capacitors are shown in Table 1 and
the calculated scattering parameters are shown in Figure
3. As shown, a second order Chebyshev response is ob-
tained. The filter operates at 2.7 GHz and the transmis-
sion zero located at 5.6 GHz is due to the grounded series
resonator, which can be explained by the resonance of the
feed lines.

The filter can also be designed with the coupled reso-
nator circuit method. The ideal [N+2] coupling matrix is
derived as follows:

0 1.1478 0 0

M= 1.1478 0 1.4953 0 (4)
0 1.4953 0 1.1478
0 0 1.1478 0

The external quality value can be computed from the
coupling matrix as:
Qe=12.7 (5)

SIMULATIONS AND MEASUREMENTS
The proposed filter is fabricated on a Taconic RF-35
substrate with a dielectric constant of 3.5 and a thickness
of 0.508 mm. A simulation tool (Zeland IE3D) is used to
optimize the pro-
0 posed filter. The fi-

- nal optimized sizes

10}
= L and parameters of
— 201 the wide-stopband
25 30} bandpeass filter are:
= 4of L; = 12.8 mm, W,
“ L =09mm, L, =32
o mm, W, = 0.2 mm,
60, e $=d=01mm W,
FREQUENCY (GHz) =0.2mm, d; =01
mm and D = 0.5

A Fig. 3 Calculated S-parameters for the mm.

circuit in Figure 2.
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A Fig. 4 Photograph of the fabricated filter
(a) top view, (b) bottom view and (c) pack-
aged.

(b)

A Fig. 6 Schematic view of the filter with
U-shaped DGS (a) top view and (b) bottom

view.

| $11 | MEASURED | S;; | SIMULATED
| S21 | MEASURED | S;1 | SIMULATED

to 13.3 GHz. Be-
sides, the measured
insertion loss in the

o passband is only 0.99
dB, which is very
5} . :
~ remarkable in mi-
10k M crostrip line filters.
5 To further broad-

15

en the upper stop-
band of the filter, the

MAGNITUDE (dB)
N
o

U-shaped defected

ground structure

= (DGS) is employed
30f to suppress the spu-
rious response of

28 the structure. The
o . . U-shaped DGS is
( 2 4 6 8 10 12 14 etched below the in-
FREQUENCY (GHz) put/output feed lines

symmetrically,  as

A Fig. 5 Simulated and measured S-parameters of the filter.

Figure 4 shows a photograph
of the fabricated filter in a metal
housing. There is a 3 mm gap be-
tween the substrate and the hous-
ing. The filter has a compact size of
0.05 x 0.21 Ag (6.1 x 12.8 mm), where
Ag is the guided wavelength at center
frequency of the passband. The per-
formance of the fabricated BPF was
measured using an Agilent 8757D
network analyzer. As shown in Figure
5, the filter operates at 2.7 GHz and
has a 3 dB bandwidth of approximate-
ly 200 MHz. The fabricated bandpass
filter has a wide upper stopband with
more than 15 dB attenuation from 3.2

shown in Figure 6.
The U-shaped DGS
structure can generate a transmission
zero at its resonance frequency and
then it can be used to suppress the
spurious response. The dimensions of
the added U-shaped DGS are L, = 7.7
mm, W, = 0.1 mm. The final simulat-
ed and fabricated results demonstrate
that the added U-shaped DGS works
well. Figure 7 shows the photograph
of the fabricated filter with DGS, also
in a packaged cavity.

The measured results in Figure
8 (also taken with an Agilent 8757D
network analyzer) show that the filter
achieves a wide upper stopband with
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Measurements at 900 MHz

080SHTRAT 112052 310 470 610 020 B B
0805CS-331  3@8R3 140 a2 850 (%] n a
0805CS 271 I 1o m = aw
1206C5271 W -
e 1 RE INnductor Comparison Tool PN
1206CS391 18
0805HT-R39  1& Operating frequency 1000 MHZ (2000 bz max)  Data shown are measured at this frequency
1008HT-R27 1% 0603CS 10 - 0402C5 v 10 v 03025~ 10 - 1005CS < 10 - QUGEEG)
1L
Part number 0603CS-10N i 0402¢s 10N T 0302€S-10N T 1008€s-100 T
T inductance  9.67 nH 9.98 nH 9.9 nH 9.78nH
Qfactor 72 56 57 7
Impedance 63 Ohms 63 Ohms 63 Ohms 62 Ohms
ESR 0.86 Ohms 1.14 Ohms 1.09 Ohms 0.86 Ohms
SRF > 3000 MHz > 3000 MHz > 3000 MHz > 3000 MHz
Models Spaam SPICE  Spaam SPICE  Spam SPICE  Sparam SPICE
GEID  [Free sample [IFree sample [[] Free sample [TIFree sample
Inductance
& B
S K
" ©
5
~ =
L& g,
ie £e
E i,
£o
¥ -

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

Inductance at Current Finder

= Find power inductors that have the actual inductance value you need at a specific current

= Enter your desired inductance value and current, then press GO.

INPUTS  Desired Inductance (uH} 7 Current (Amps) 1 (Use . for decimal)  (QEED
ctual
nductance DC Lengt

Part number it 1A Ohm: max mn max mn

XAL7030822 7.309 0.04873 8.0 8.0

LPS5030-682  6.920 0.099 50 50

XAL7030682  6.815 0.04257 8.0 8.0

LPS4012682  6.752 034 41 41

XALGOS0.662  Hunl [0 s s

RF Inductor Finder Results

= These results do not imply an exact match to your requirements.
= We recommend that you request a free sample before an order is placed

Home | Design Tt
< Sortresults by: Footprint ~ DCR v - -

et | o [ » 2D
L sat  [Irms w H Price.
Part number (nH) A) A) m) |(mm) _|(mm) @ 1,000
0302CS-4NT sM. 470 p0r4Q 083 12070 086 053 045 5044

RS- ha LM REE R SEN L

Inductor Core & Winding Loss Calculator

L E YT
as 5035
Bai 5035

$0.35
Step 3 Enter the operating conditions (i fieis required) 5035
0.36
500 kHz 350 Amps 0.20 Amps o
$0.36

$0.35

EPL3015472 DO3316P-A72 XPLT030472 LPS4414.472

P JE——
Total induciy & o - - . I
rucacey Highest Q Finder

DoE g

= Use this tool to find the RF inductor with the highest Q factor at a specific frequency.
Enter your inductance value and operating frequency, then press GO.

AC windirgshe

Temperaussd INPUTS  Inductance nH 47 Frequency MHz 1900 (Use . for decimal) (=G0~

Measurements at 1900 MHz Gmpno,  Reques
Lzess

0805HS-390 126 19.66 39 2000 B B
0805HS-470 104 2255 47 1650 =] =]
0805HS-560 92 24.95 56 1850 B B
P NENT M T L o

WWW.COILCRAFT.COM

Your List of Samples

Part number Description Quantity Delete
XAL7070.222ME8 SMT power inductor 22uH 1 - @D o
XALTO070.682EB SMIT power inducior 68LH s - @D o
XALTO070-122MEB SMIT power inductor 1214 5 - GED o

Your reference number or PO (Opfional) D13-356] (e more pares ]

Need a larger quantity? Any other comments or questions?
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A Fig. 7 Photographs of the fabricated filter
with DGS (a) top view and (b) bottom view.

| $11 | MEASURED | S;; | SIMULATED
| S21 | MEASURED | S;¢ | SIMULATED

MAGNITUDE (dB)
N
W

0 2 4 6 8 10 12 14 16
FREQUENCY (GHz)

A Fig. 8 Measured and simulated S-
4
parameters of the filter with DGS.

more than 15 dB attenuation up to
16.4 GHz, and performance of the fil-
ter with U-shaped DGS is almost the
same as the above filter without U-
shaped DGS, except that the insertion
loss is slightly worsened to 1.07 dB.

CONCLUSION

In this article, a CRLH-TL based
bandpass filter is proposed. To fur-
ther extend the upper stopband, a
U-shaped DGS is employed. Both
the equivalent circuit method and
the coupled resonator circuit method
have been applied for the analysis of
the filter. The final fabricated filter has
a compact size, wide upper stopband
and low insertion loss. The good per-
formance makes it practical for micro-
wave applications. H
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RF and microwave components from
Rosenberger play a key role in a variety of
test, measurement & calibration applications.
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- RF high precision connectors, adaptors
and devices, e.g. connector heads, opens,
shorts or loads of all popular connector
series such as RPC-N, -7.00, -3.50, -2.92,
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- Calibration and verification kits for a
number of coaxial standard test interfaces

- Test cables & test devices, €.g. VNA
microwave test cables, high performance
cable assembilies, airlines, interchangeable
port connectors, T-calibration adaptors

- Automated Test Equipment (ATE) products
Multiport Mini-Coax connectors for semicon-

ductor test equipment applications
New:

I Monolithic compliant interconnects —
0.8 mm pitch

| Ruggedized test port adaptors —
for VNA applications
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ith the migration of communication
s ; s / systems to higher frequencies, signal
integrity plays an increasingly signif-
icant role in the design process. This in turn
puts more demand on the test and measure-
ment systems with improved capabilities. For
a manufacturer of RF connectors and cable as-
semblies, a thorough understanding of electro-
magnetic phenomena is critical to establishing
design rules to eliminate adverse effects. Re-
turn loss, insertion loss and the time domain
behaviour of these products have to be kept
under control from design, production, and as-
sembly to final testing.

Increasingly, it is not seen as being sufficient
for companies to use calibrated vector network
analyzers and calibration kits for final testing
to run an effective and high quality produc-
tion line. The knowledge of negative effects
that can arise in a production and assembly
line needs to be shared with all relevant de-

RF Training Kit

partments and subsidiaries. From this premise
the idea was born to design an educational RF
training kit for company internal purposes with
devices that clearly and purely demonstrate the
single effects supported by tutorials. However,
this educational kit is not only available for in-
ternal use but also for academic and industrial
customers.

The kit (order number 99MO007-000) in-
cludes: coaxial devices with adapters; circuit
board with 15 microstrip structures; documen-
tation covering basic circuit theory up to sourc-
es of reflections, losses and crosstalk; guided
exercises for experiencing these effects using
the kit hardware on a vector network analyzer
(VNA); and PowerPoint slides and field anima-
tions supporting the exercises.

ROSENBERGER

HOCHFREQUENZTECHNIK GMBH
Fridolfing, Germany
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Explore the limits.
T&M solutions for
aerospace and defense.

Today’s aerospace and defense technologies demand ever more
sophisticated test and measurement solutions to stretch the limits

of what is feasible. As a full-range supplier, Rohde & Schwarz

offers a broad portfolio that proves its capabilities in even the most
demanding applications. Our leading-edge expertise in microwave,
RF and EMC helps customers assess performance, optimize platforms
and get the most out of systems. Convince yourself.

www.rohde-schwarz.com/ad/space-GNSS

GNSS simulation easier than ever

with the R&S*SMBV100A

1 High dynamics for simulating very fast moving
objects such as fighters or rockets

1 The most cost-effective solution for GPS P code

1 GPS, Glonass and Galileo in one simulator

1 Up to 24 satellites, also in hybrid scenarios

1 Realtime simulation under realistic conditions

1 General vector signal generator included
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COAXIAL DEVICES

The primary coaxial device is a 100
mm unbeaded gold plated air line
with male and female RPC-N 50 Q
connectors. It consists of one outer
conductor and five inner conductors
with different diameter geometries.
Combining the outer conductor with
an inner conductor that results in a
homogeneous 50 () air line represents
the coaxial device with the lowest re-
flections and the lowest specific losses
available. Connected to a calibrated

A Fig. 1 Adapter with a damaged finger.

VNA, it shows the measurement limits
for further exercises.

By replacing the inner conductor
by a thinner one and adding PTFE
beads over the whole length also re-
sults in a 50 ) coaxial line. A higher
insertion loss than before can be ob-
served caused by additional dielectric
losses and the line becomes electri-
cally longer. In addition these beads
can be replaced by similar ones which
have a flattened outer diameter. This
causes a reduction in the usable op-
erating frequency for the quasi TEM
mode.

With a set of small PTFE beads, di-
ameters of 4, 5 and 6 mm and length
of 2, 3, 5, 8 and 10 mm, discontinuities
in cable assemblies can be simulated
very well, e.g., regular discontinuities
on a coaxial cable result in narrow-
band resonances. With a selection of
different PTFE beads, experimenta-
tion with other bead configurations
is possible. This is ideal for exploring
the impact that the transformation pa-
rameters, set by the user on the VNA,
have on the measurement results.

Time domain measurement is
mainly limited by the rise time of

the  measurement

system. On VNAs,
this is inversely pro-
portional to the up-
per  measurement
frequency, often
limited by the con-
nector system or the
cable material used.
When measuring
with a long rise time,
discontinuities sepa-
rated by a short dis-
tance cannot be dis-
tinguished and the
real impedance of a
short  discontinuity
can’t be measured.
Besides the air
line, the coaxial
devices of this kit
are complement-
ed by two special
RPC-N 50 Q adapt-
ers. They were de-
signed to demon-
strate possible as-
sembly problems in a
production line. One
adapter with a ra-
dial stub in the outer

A Fig. 2 Circuit board with 15 microstrip circuits.
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conductor, the other

with one of the six female contacts fin-
gers lifted off, as shown in Figure 1.
It is known as an ‘adapter damaged
finger’ and is a nightmare for quality
departments.

MICROSTRIP CIRCUITS

On the circuit board, shown in
Figure 2, several circuits are imple-
mented with female SMA interfaces.
There are 50 ) transmission lines of
different length. Compared to the
coaxial air line significant higher spe-
cific losses can be measured. A Tl-type
attenuator is realized with SMD re-
sistors. The frequency response of
the insertion loss and the return loss
gives an idea of the useable frequency
range. Filter structures are available
as an opened stub, a shorted stub, a
DC block and bandpass filters with
serial/parallel coupling. Finally, three
quarter-wave transformers, from first
to third order, demonstrate narrow
to medium bandwidth low loss trans-
formers.

DOCUMENTATION

The included documentation cov-
ers the basics of electrical engineer-
ing: Electromagnetism, DC circuit
theory, complex analysis, AC circuit
theory, transmission line theory, loss-
es, reflections and coupling.

EXERCISES

To work most effectively with the
coaxial and planar devices, an extra
document with comprehensive exer-
cises is included. The document starts
with handling precautions, especially
for the unbeaded air line. The ex-
ercises require the user to have the
necessary knowledge of the setup and
handling of the VNA. Every exercise
includes a description of the training
kit equipment needed and gives direc-
tions for parameters to measure.

Questions regarding the measure-
ment results aid the user in understand-

50 1
4V 5 I B A |
PP awian|

RETURN LOSS (dB)
F-Y
(=]
1

0O 2 4 6 8 1012 14 16 18 20
FREQUENCY (GHz)

A Fig. 3 Return loss for the adapter with a
damaged finger.
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A Fig. 5 Field simulation of a transmission line with opened stub,
transmissive at 2 GHz.

A Fig. 6 Field simulation of a transmission line with opened stub,

reflective at 1 GHz.

ing the effects. Also,
with references to
the single chapters of
the tutorial and refer-
ences to the simula-
tions and field anima-
tions the understand-
ing can be enhanced.
Depending on the
skill level and on the
time available, spe-
cific exercises can be
omitted.

WHEN YOU'RE SPECIFYING A FILTER...
DON'T GO IT ALONE.

Filtmr can play 5 cracil role in whsther 3 spstem
mzcands ar failz in the feld, That's why designens
furn iz Ansfech Elecironics Tor solutions 1o their
trnghent Tlaring chalengas,

Wa'll weiark with you o develop 8 custom RE or
micrawave lilter thal masia or axcesds your
s — and deali it Tant,

So whethar your dessgn goes inbo a commendial or
mdlitary systam, your first oall should be to Anateah
Elzatronias — the leader in custom filters from DG
to 40 GHz for 20 years.

=
CONTACT US TODAY! ANATECHELECTROMNICS.COM | ANAG
B7A.TTZ:4242 - salestlanatechalectronics. com | DU WED STORE AMCRECDM
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REFERENCE SIMULATIONS AND
FIELD ANIMATIONS

Every exercise is supported with
reference simulations of the return
loss, the insertion loss, the time do-
main response and an animation of
the electric field for the whole device
or in part when necessary. Especially
for beginners it’s very interesting and
instructional to see what happens
when the wavelength equals the dis-
tance between two or more disconti-
nuities.

The tremendous impact discon-
tinuities have is clearly shown in the
‘adapter damaged finger’ exercise.
The frequency response and the field
animation at 15 GHz are shown in
Figure 3 and Figure 4.

Figure 5 shows the field plot of the
transmission line with opened stub at
2 GHz where it is transmissive. At 1
GHz the same structure becomes
reflective and nearly no signal passes
through the structure. The field plot,
shown in Figure 6, demonstrates how
the opened stub is transformed into a
short at N/4.

This kit which included special
components was designed for compa-
ny internal training and for academic
and industrial education to enable
a closer look into RF connector and
cable assembly design and produc-
tion. In Rosenberger’s experience,
this training kit is ideal for a hands-on
approach to understanding the ma-
jor causes of signal degradation on a
system.

Rosenberger Hochfrequenztechnik
GmbH & Co. KG,

Fridolfing, Germany

+49 (0) 86 84 180,
info@rosenberger.de,
www.rosenberger.com.
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PERFECTION

When you need perfection in satellite high frequency communication.

2.9mm Female
Connectors

400RS 16 2.9mm Female
Connectors

Single Channel

310RCD 16

Family of Broadband High Frequency Coaxial Rotary Joints

Single Channel & Dual Channel Rotary Joints — Frequency DC to 40.0 GHZ
MDUs short low torque, high performance coaxial rotary joints as well as our extensive line
of waveguide rotary joints have set the standards of the industry .

You’ve never been in better hands.

Quality from CAD to crate, quick turnaround, and tight economy is what we're all about.
Call an MDL specialist today at 800-383-8057 or visit us at mdllab.com.

You'll find that we specialize in perfection.
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SINGLE CHANNEL SPECIFICATIONS: DUAL CHANNEL SPECIFICATIONS:
ELECTRICAL ELECTRICAL Channel 1 Channel 2
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1.05 MAX. INSERTION LOSS.......0.5 dB MAX. 1.0 dB MAX.
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Scan here to visit our website

10-26 GHz 0.4 dB MAX.
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Surface-Mount
Ceramic Chip
Antennas for
UHF Applications

he UHF frequency band lies between
I the VHF frequencies and microwave
frequencies. Due to this unique posi-
tion, typical UHF band wavelengths are short
enough to allow dielectric loading while their
frequencies are low enough to allow effective
compensation using reactive elements below
their self resonance frequencies. Vishay sur-
face-mount chip antennas use both dielectric
loading and reactive compensation to provide
a miniaturized antenna system for receiving/
transmitting electromagnetic radiation in the
UHF 400 to 915 MHz bands. The system has
two basic components: an antenna element
miniaturized by the use of dielectric loading
and a tuning circuit.

One approach for miniaturizing antennas
is to use low-temperature co-fired ceramics
(LTCC) that have a permittivity (¢) of about 8
and permeability () of about 3.5. Using those
values, LTCC-based antennas would result in
a miniaturization factor of ~ 5.3. Further min-
iaturization of an antenna requires a high-per-

mittivity, yet with low-loss dielectric material.
This ceramic material is now available from Vi-
shay. The ability to develop chip antennas with
desirable properties is enabled using Vishay In-
tertechnology’s ceramic formulation. This pro-
prietary dielectric material exhibits a unique
combination of properties: high permittivity
and low loss, a combination essential in achiev-
ing a high-gain, low-loss antenna. The newly
developed material has values of & of about 400
and p of about 1.

This dielectric has opened the path for
further miniaturization of chip antennas in a
greater factor than is available with existing
technologies. This composition can reduce the
size of the antenna by a factor of 20 — a sig-
nificantly larger size reduction than the 5.3 of-
fered by LTCC materials. The formulation is
RoHS compliant and allows excellent stability

VISHAY INTERTECHNOLOGY
Malvern, PA
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Wipesanp PLL+VCOs

4 GHz with 4 Outputs Ideal for Next Generation MIMO Applications

NEW!

Closed Loop Fractional Phase Noise
at 3600 MHz, Divided by 1 to 62

Analog, Digital & Mixed-Signal
ICs, Modules, Subsystems & Instrumentation

4 Maximum Phase Detector Rate: 100 MHz

4 PLL FOM:
-230 dBc/Hz Integer Mode
-227 dBc/Hz Fractional Mode

<160 fs Integrated RMS Jitter (1 kHz - 100 MHz)
Low Noise Floor: -165 dBc/Hz
4 Single-Ended or 2 Differential Outputs

Fractional Spurious Performance at 2646.96 MHz,
with Exact Frequency Mode ON or OFF

P ROISE| g
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Part Frequenc Closed Loop Open Loop VCO Pout RMS Jitter Integrated PN
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5600 - 8400 -10
Wideband -105 dBc/Hz -133 dBc/Hz 0.23
HMC835LP6GE 33 - 4100 PLL+VCO @ 4 GHz @ 4 GHz 7 160 @ 4 GHz
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Product Feature

TABLE |

APPLICATIONS AND FREQUENCIES OF OPERATION

Frequenc; ..
(Izl Hz) 4 Antenna Part Number Applications
V]5301M400MXBSR (3505) Medical telemetry (internal/external)
Two-way radio communication
400 . .
Land mobile services
V]5601M400MXBSR (6040) | Industrial and medical band applications
V]5301M433MXBSR Medical telemetry (internal/external)
433 Broadband transmission and reception
Automotive (TPMS, etc.)
V]5601M433MXBSR Industrial and medical band applications
V]5301MS68MXBSR
868
V]5601M86SMXBSR Medical telemetry (internal/external)
Remote sensing and control
Industrial automation, telemetry
V]5301M915MXBSR Security systems, long-range RFID
Electronic water/electricity meters
915
V]5601M915MXBSR

TABLE Il
SINGLE FREQUENCY TUNING

Tuning ) ) Typical Nominal Component
Tuni S Evaluation Kit Values
uning Circuit Frequency P,
art #
(MHz) c1 i1 c2 L2
VJ Chip Antenna
‘r 400 V]5301M400MXBEK | Short | 82nH | 3.3 pF
==Cl
o] L1
J_;ﬂ_' 433 | VJ5301M433MXBEK | 15pF | $2nH | 4.7pF
EiQ F.IF Fawd
VJ Chip Antenna
o }/ 868 V]5301MS68MXBEK 15nH | 5.6 pF | 10nH
L1
=
; L2
868 V]5601MS68MXBEK 26.3nH [ 3.9 pF | Short
5001 AF Feed
VJ Chip Antenna
2 915 V]5301M915MXBEK | Short | 10 nH 10 nH
&
L2
- 915 V]5601M915MXBEK | Short | 22 nH 29.7 nH
L
SO0 FF Feed

The component values shown are for tuned evaluation kits. The actual values may vary depending

on the printed circuit board layout.
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throughout a temperature range of
-40° to +85°C. A variety of different
ceramic chip sizes are possible. Table
1 contains examples for two ceramic
antenna chips sizes: 3505 (35 x 5 mm)
and 6040 (15 x 10 mm) with addition-
al sizes under development (thickness
is 1.2 mm).

THE TUNING CIRCUIT

The antenna tuning circuit func-
tions as an impedance matching net-
work that matches the antenna’s im-
pedance for maximum power transfer.
Utilizing a tuning circuit, the antenna
is tuned to a fixed center frequency in
the UHF band. The imaginary part of
the impedance can be either positive
(capacitive) or negative (inductive) in-
side the desired frequency band. The
imaginary impedance can be negated
by adding one or more passive reac-
tive components. Once the imaginary
part is negated, only the real part
remains, which is adjusted to 50 ().
Thus, the antenna is tuned to 50 ) at
the desired frequency.

It is important to note that the
antenna can be tuned to any desired
impedance using shunt reactive ele-
ments to manipulate both the real and
imaginary impedance. Using the tun-
ing circuit, the antenna is thus tuned
at a given point, thereby creating a
relatively narrow band antenna, or a
single-frequency antenna.

Examples of matching tuning cir-
cuits for given ceramic chips are pro-
vided in Table 2. Different capaci-
tance and inductance values, in addi-
tion to circuit layout, can be applied
based on the specific application. The
table also lists the tuning element for
a given frequency and chip antenna
size.

EXAMPLES OF RADIATION
PATTERNS

As explained, the antenna system
is constructed of a ceramic chip and a
tuning circuit. Their assembly results
in a platform that allows evaluating
the antenna performance at the single
frequency. This assembled configura-
tion is referred to as an antenna evalu-
ation kit (EVK). The ceramic chip
antenna radiation patterns for Vishay’s
EVKs are shown in Table 3.

To provide design engineers with
the recommended circuit design lay-
out, and to demonstrate the perfor-
mance of the chip antenna, EVKs are
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Product Feature

Antenna
Part Number

Freq.
(MHz)

TABLE 1l

EXAMPLE RADIATION PATTERN LINKS, FREQUENCIES OF OPERATION
AND TEST SETUP

XZ rotation

YZ rotation XY rotation

r LI o | ur T
g 4 " A o F e Eo it
fre] 1 = e w - ar | w
400" V]5301M400MXBSR [ «=| e ki | »::_ I e = P
Ea g e e - el -+ i i =
b e A i 2
Wl T ] | . -
e - -
A . d ; il
e m"':-:. f‘wq_ wf- 7
ff u W = - sy WP e =1 -
[ EN " - e ¥ e o -
433 V]5301M433MXBSR e - -IL I = . #
-l P T aiF e et I o repn |
'y E g i, - . -r.
P ar - L
W = - + P -
I
8682 |V]5301MS6SMXBSR | - -

.
915 |V[5301M915MXBSR | »| t3

o ; -

available.

1 For improved gain performance, 4010 antenna prototypes (40 mm by 10 mm by 1.2 mm) are

I A prototype with a small footprint (8 mm by 5 mm by 1.2 mm) and high gain is available.

used. The EVK contains a chip anten-
na mounted on a 40 x 90 mm printed
circuit board (PCB), with a 3.5 mm
SMA launch connector for transmis-
sion or reception of signals. The SMA
connector allows for easy connection
to the designer’s circuitry. Figure 1
demonstrates a peak gain of 1 dBi re-
alized with 50 (2 impedance matching.
The EVK also allows for the testing
of the open field radiation emission.
Open field radiation emission testing
for this chip antenna demonstrates it
has omni-directional radiation pat-
terns.

Miniature tunable surface-mount
ceramic chip antennas that cover the
UHF frequency band from 400 to 915
MHz are available. The chip anten-
nas can be used in industrial, scien-
tific, and medical short-range device
(ISM/SRD) radio bands for applica-
tions such as medical biotelemetry
receivers (400 to 433 MHz), industrial

112

RFID applications (868 to 915 MHz),
wireless security systems, sensors and
remote controls. With properly select-
ed discrete L-C tuning components,
all Vishay antennas can be tuned to
any regional frequency in the 400
MHz to 1.1 GHz band.

These low-profile ceramic anten-
nas are available in small case sizes,
which makes them good solutions
when instrument size and/or PCB
area are limited, such as in RFID
sensors, garage door openers, remote
controls, wireless microphones, head-
phones, and more. The chip antennas
are mounted onto PCBs using stan-
dard surface-mount assembly meth-
ods. Single-frequency tuning is easily
achieved with just a few discrete ca-
pacitor and inductor components.
Vishay Intertechnology,

Malvern, PA,
chipantenna@vishay.com,
www.vishay.com.

(a)

>96% POWER
™~ COUPLING at 868 MHz

o
v
A3 5
62
e N VJ5301M868 -~
2310 A /
Ge
g 2 \ /
o
w i
i \/
20
818 843 868 893 918
FREQUENCY (MHz)

(b) REFLECTION LOSS VS. FREQUENCY

VJ5301M868MXBSR
XZ RADIATION PATTERN

0°

_1 o 1 o o
50° T oo 150° %30
015

0°
ROTATION PLANE/VERTICAL
(c) E-FIELD POLARIZATION

A Fig. 1 Example EVK (a), S;; reflection
loss (b) and radiation pattern of chip antenna

(c).

MICROWAVE JOURNAL m JUNE 2013


http://www.vishay.com
mailto:chipantenna@vishay.com

Amazingly

Low Phase Noise
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SRR : (dBciz) [Typ]
HFS0640-5 640 05-12 +5 (@ 35 mA -151
HFSO745R84-5 74584 05-12 +5 (@ 35 mA -147
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HFS0800-5 800 05-12 +5 (@ 30 mA -146
HFS0914R8-5 914.8 0.5-12 +5 @ 35 mA -139
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Tech Briefs

eregrine Semiconductor has
P expanded its DuNE™ Digi-

tally Tunable Capacitor (DTC)
product line with six second-genera-
tion devices for antenna tuning in 4G
LTE smartphones. The PE623060,
PE623070, PE623080, and PE623090
(PE6230x0) DTCs have a capaci-
tance range of 0.6 to 7.7 pF and sup-
port main antenna power handling of
up to +34 dBm. The PE621010 and
PE621020 (PE6210x0) DTCs have a
capacitance range of 1.38 to 14.0 pF
and are optimized for power handling
of up to +26 dBm, making them well
suited for diversity antennas. All of
the new DTCs are manufactured on
Peregrine’s UltraCMOS® technology
process, with HaRP™ technology en-

Digitally Tunable

Capacitors

hancements that enable the devices
to meet the challenging harmonic
and linearity requirements of LTE.
The highly-versatile devices support a
wide variety of tuning circuit topolo-
gies, with an emphasis on impedance
matching and aperture-tuning appli-
cations. They extend Peregrine’s high-
performance tuning roadmap, which
was first introduced to the market in
2008.

Smartphones are now required to
support a subset of the more than 40
different LTE frequency bands, as
well as MIMO and carrier aggrega-
tion. To keep up, these devices now
contain multiple antennas, making it
difficult to keep the end device thin
and slim. Tuning the antenna solution

with DuNE DTCs enables the system
to support multiple bands, while at the
same time reducing antenna size and
providing optimal RF performance.

With PE6230x0 and PE6210x0
DTCs, all tuning functions, including
bias generation, integrated RF filter-
ing and bypassing, control interface,
and ESD protection of 2 kV HBM,
are incorporated into a slim, 2 x 2 x
0.55 mm package. The new DTCs are
available in 10- and 12-lead, 2 x 2 mm
QFN packages.

Peregrine Semiconductor,
San Diego, CA
(858) 731-9400,

rtho-Mode Transducer (OMT)

is an important microwave

component that separates a
signal into two linear orthogonal polar-
ized signals received from a common
port or, vice versa, combines two such
signals from vertical and horizontal
ports into a common port. The OMT
supports circularly, elliptically and lin-
early-polarized waveforms in general.
Combined with a polarizer, the OMT
can support both left-hand and right-
hand circular polarized waveforms si-
multaneously. OMT is widely used in
satellite data transmission and satellite
television broadcasting. It also finds ap-
plications in commercial and military
radar systems as a diplexer when a dual-

Full Waveguide Band
Ortho-Mode Transducers

polarized radar antenna is used. In tele-
communications, OMT plays a unique
role in TDD systems where the trans-
mitting and receiving signals are at the
same frequency.

The SAT series OMTs offered by
SAGE Millimeter Inc. are full wave-
guide band Ortho-Mode Transducers
that cover entire standard rectangular
waveguide bands from Ku- to W-Band
in the frequency range of 12.5 to 110
GHz with eight individual models. The
OMTs are configured with one square
waveguide for antenna port and two
rectangular waveguides, one for H-Port
and another for V-Port. These OMTs ex-
hibit low insertion loss throughout the
entire waveguide band, which enables
their high power handling capacity. In
the meantime, the greater than 40 dB
isolation between the horizontal and
vertical ports and 35 dB cross-polar-
ization make them more attractive and
useful for transmitter and receiver du-
plexing. Unlike their counterpart, nar-

rowband OMTs, these full waveguide
band OMTs find a convenient way in
antenna test setups, such as compact,
near field and far field ranges as they
allow two signals in orthogonal polariza-
tions to be measured at the same time
across entire waveguide bands without
using multiple OMTs.

An example of the full waveguide
band OMT family is a Ka-Band version
with model number SAT-KA-28028-S1.
The model measures 2.5"W x 2.75"L x
0.75"H and weighs 5.2 oz. Its antenna
port is equipped with a 0.28"W x 0.28"H
square waveguide and H and V ports are
with standard WR-28 waveguides. The
model exhibits 0.4 dB maximum inser-
tion loss, 40 dB minimum isolation be-
tween the H and V ports and 35 dB mini-
mum cross-polarizations. Similar perfor-
mance is achieved for all eight models.
\)VENDORVIEW
SAGE Millimeter Inc.,

Torrance, CA (424) 757-0168,

www.sagemillimeter.com.
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Tech Brief

icrosemi’s GG-75431-64 sin-
M gle pole, 36 throw (SP36T)
ultra-broadband  absorptive
switch is targeted at signal routing,

simulation test equipment, commu-
nications systems and test lab equip-

SP36T Broadband Switch

GG-75431-64  performance is
guaranteed from -55° to 95°C and the
unit is designed to withstand environ-
mental conditions to MIL-PRF-883
including internal visual; stabilization
bake thermal cycle; constant accelera-

* Single +5 V supply
e 6-bit TTL control with enable

The GG-75431-64 is offered with a
variety of options including:
Hermetic seal

ment. The GG-75431-64 achieves low
insertion loss, high isolation and fast
switching over the entire 100 MHz to
20 GHz frequency range. The switch
is controlled via an internal 6-bit TTL-

Hi-rel screening

Other frequency ranges
Differential logic
Discrete logic control
RoHS-compliant

tion; fine leak; gross leak; external vi-
sual; and burn-in.

Key features include:
Multi-octave frequency range

compatible driver and operates from Low-profile packaging
a single +5 V DC supply. A 9-pin D- Absorptive switch Microsemi Corp.
SUB receptacle is incorporated on the 1 W CW power handling Aliso Viejo, CA,

100 nsec switching speed
7 dB max insertion loss
70 dB min isolation

icr@wave
Journal

Frequency Matters.

device for convenient DC and control
logic interface. RF connectors are
field replaceable SMA female.

sales.support@microsemi.com,

wWWwWw.microsemi.com.
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Web Update

Major Web
Enhancements

Agile Microwave Technol-
ogy Inc. has made major
web enhancements to the
company’s website. The
improvements include
more than 20 new prod-
ucts with complete techni-
cal datasheets available by
clicking on the part num-

ber, new improved search engine and updated sales contact information.

Agile Microwave Technology Inc.
www.agilemwt.com

Redesigned
Website

Bonding Sources rede-
signed website includes
a comprehensive, user
friendly guide to epoxy
pastes and films commonly
used in the RF/microwave
industry. It’s the industry’s
easiest way to find data-
sheets and quick facts on various epoxies. It also offers information on a
new epoxy press used for the installation of circuit boards into microwave
housings. Bonding Source offers immediate, in stock delivery of epoxies,
epoxy pre-forms, and bonding wire and ribbon.

Bonding Source

www.bondingsource.com

CST White Papers i
JVENDORVIEW - s

CST’s electromagnetic
simulation software is used
in  numerous application = 8 bemee
areas such as antennas,
waveguides, and MRI coils.
With the new white paper e
webpage, it is now easier L
to discover how CST STU-
DIO SUITE® helps engi-
neers overcome challenges
in the design process. The
white papers demonstrate
techniques that simplify the
development process and
are available to download
for free.

Computer Simulation Technology AG
www.cst.com/whitepaper
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New Products
on Site

B&Z Technologies has re-
cently updated its website
with new amplifier models
having 0.4 dB NF in 1 to 4
GHz, 0.7 dB NF in 4 to 8
GHz, 0.8 dB NF in 8 to 12
GHz, 1.2dB NFin 12to 18
GHz, and 1.4 dB NF in 18
to 26 GHz, 2.5 dB NF from 24 to 32 GHz, 2.9 dB NF in 18 to 40 GHz
and 3.5 dB in 18 to 42 GHz bands. Also added to the website are its high
dynamic range amplifiers with NF <3, Output-P1 >+20 dBm and typical
gain of 20 dB in the 0.1 to 20 GHz band.

B&Z Technologies

www.bnztech.com

COMSOL Video
Center

The COMSOL website
features a newly revamped
video center that outlines
the simulation  capabili-
ties of the 38 application-
specific modules offered
by COMSOL Multiphysics software. Topics from product highlights to
detailed explanations of simulation case studies in the electrical, mechani-
cal, fluid, and chemical application areas can be found, and new videos
are added regularly. The redesigned COMSOL blog provides engineers
worldwide with stimulating content, helping to share innovative user sto-
ries, design solutions, multiphysics news and much more, on a daily basis.
COMSOL Inc.

www.comsol.com

FilterSolutions
Website

The new website for
Nuhertz Technologies
presents the capabilities
of FilterSolutions® 13.3.4.
The design synthesis pro-
gram is used for lumped
and distributed element
as well as active or digital filters. Organized to enable the comparison
of program features and tailoring configurations to meet specific design
needs, the site describes the program interfaces with other simulation
and optimization tools. Users are encouraged to evaluate the full-featured
program by registration for a no-cost, 30-day license.

Nuhertz Technologies

www.nuhertz.com
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' Séné, President, Electronic Measurement Group, Corporate/General
. . . Management (14%)
. Agilent Technologies

Platinum Sponsor:
%% Agilent Technologies

Diamond Spbnsor:

= ROHDE&SCHWARZ
i Organized by:
Contact your MWJ ad representative for
2014 sponsorship/exhibitor opportunities horizon | ACT Micr@wave
: house Journaljy
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Web Update

Updated New
Products Feature

RLC Electronics Inc. has
launched an updated “New
Products” feature to its
website, adding press re-
leases, photos, electrical
information and outline
drawings ~ where  avail-
able. Some of the latest
releases include a series of 18 GHz SP11/SP12T latching switches (termi-
nated or unterminated), a 26.5 GHz micro miniature transfer switch with
indicator functionality, a switch filter box and an integrated multi-switch
module. RLC will continue to publish new products in this section mov-
ing forward on a monthly basis.

RLC Electronics Inc.

www.rlcelectronics.com

L

B[]

Resources Section
RF Techniques has added a

new resources section on its
website with helpful infor-
mation on resistors, termi-
nations and attenuators for
microwaves and RF appli-
cations, and information on
RFT’s new soldered version
to support customers looking for a lower cost alternative. RFT continues
to offer the high reliable brazed products for the high reliable and high
temperature applications. RET products are manufactured in the USA
and made with “DRC CONFLICT FREE” minerals.

RF Techniques

http://rftechniques.com/resources.html

Broadband RF
and Microwave
Solutions

Weinschel Associates an-
nounced the launch of its
redesigned, state-of-the-art
website. The launch is the
culmination of months of |Zieee oo
market research, design :
and engineering. Weinschel
Associates has taken a customer-centric approach to the redesign process,
determining core features based on market demand and the results of
formal usability studies. This professionally built website boasts an inter-
active catalog with a fully integrated, easy-to-use custom quote request
system. The entire catalog is searchable, and each product’s specifications
can be customized.

Weinschel Associates

http://weinschelassociates.com

Sensor Catalog
Page
YVENDORVIEW

SAGE Millimeter updated
its website by adding its
newly released sensor cata-
log and product highlights
recently. The new sensor
catalog is a forty page catalog, which includes K-, Ka-, V-, E- and W-Band
Doppler, directional and ranging sensor product families. These sensors
are designed and manufactured for traffic control, intrusion detection,
level sensing, collision avoidance and many industrial and military radar
system applications. Various output levels, sensitivity grades and antenna
types are offered as standard products.

SAGE Millimeter

www.sagemillimeter.com

TECDHR

2013 Website

)VENDORVIEW b’ o Il e BT
Tecdia has launched its "',; \*h}*/d'il& i = &
newly redesigned website l.‘,ﬂ ul.'ur:“-'nl R iz
for 2013. The new web- o s ) L
site offers an overview of il ﬁ ‘ = ﬁ'_ a4
the company’s full line of | o E i
products, services, capabili- ] ot :_
ties and current news and
events. With added search B
functionality this new lay- fé i =
out simplifies the user expe-
rience. For convienience,
visitors will be able to send inquiries about specific products and services
directly through Tecdia’s new contact pages.

Tecdia

www.tecdia.com

Interactive Website E WERLATONE

JVENDORVIEW |

Werlatone is a leading
supplier of high power,
broadband RF  coaxial
components to include
(Uni, Dual, Bi) directional
couplers, 90° hybrid cou-
plers, RF combiners/divid-
ers, and 180° hybrid RF
combiners/dividers.  The °©
company’s fully interactive
website features detailed
product search functions
and new landing pages
highlighting its truly custom designs and DAS applications. Visit its site
for additional product lines in the near future.

Werlatone

www.werlatone.com

ST TS
—_—
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EUROPEAN MICROWAVE WEEK 2013 « & N \co NUREMBERG, GERMANY
NURNBERG NCC, GERMANY, 6-11 OCTOBER 2013
OCTOBER 6 - 11, 2013 (171 WWW.eumweek.com

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

The Conferences:
e European Microwave Integrated Circuits Conference (EuMIC) 7th — 8th October 2013
e European Microwave Conference (EuMC) 8th — 10th October 2013
¢ European Radar Conference (EURAD) 9th — 11th October 2013
e Plus, Workshops and Short Courses (From 6th October 2013)

Delegates - Register for the conference online at www.eumweek.com

Conference fees
e ADVANCE DISCOUNTED RATE - for all registrations made online until 6th September
e STANDARD RATE - for all registrations made online from 7th September

For complete conference pricing, visit www.eumweek.com

The Exhibition (8th - 10th October 2013)
Pivotal to the week is the European Microwave Exhibition, which offers YOU the
opportunity to see, first hand, the latest technological developments from global leaders
in microwave technology, complemented by demonstrations and industrial workshops.

Visitors - Register as an Exhibition Visitor at www.eumweek.com. Entrance is FREE!

Official Publication: Organised by: Supported by: Co-sponsored by: Co-sponsored by: Supported by:
EuLMA
E A: iati

uropean Microwave Association Jgilri“’ael horizon IH. i ' M I E E E v D E

house MTT-S°

El/ ;D *%es0 EUMIC

N/ 4 37T\ CONFERENCE %o’ 2013
2013 MICROWAVE =

The 8th European Microwave
The 10th European Radar Conference The 43rd European Microwave Conference Integrated Circuits Conference

Co-sponsored by: Co-sponsored by: Co-sponsored by:

=

Register Online now as a delegate or visitor at

www.eumweek.com
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New Waves: Semiconductors, MMICs & RFICs

FOR MORE NEW PRODUCTS, VISIT WWW.MWJOURNAL.COM/BUYERSGUIDE
FEATURING W VENDORVIEW STOREFRONTS

Solid-State Amplifiers
Y)VENDORVIEW

AR RF/Microwave In-

strumentation has
introduced a  new
family of solid-state

microwave —amplifiers
that provide up to 500
W of power from 1 to
2.5 GHz. These ampli-
fiers offer a solid-
state  alternative  to
traveling wave tube am-
plifiers and feature
better harmonics, less
noise and superior reli-
ability. For more infor-
mation  please visit:
www.arww-rfmicro.

part is designed for S-Band radar applications
operating over the 3.1 to 3.5 GHz instantaneous
frequency band. Under 300 us/20 percent pulse
conditions, it supplies a minimum of 130 W of
peak output power with typical performance of
150 W with 12 dB gain. Specified operation is
with Class AB bias. When appropriately rated, it
is operable under a wide range of pulse widths
and duty factors.

Integra Technologies Inc.,
www.integratech.com.

com/html/12200_microwave_amplifier.asp.
AR RF/Microwave Instrumentation,
www.arworld.us.

RF Amplifier

COMTECH PST introduced a new high power
density solid state RF module quickly becoming
available in today’s marketplace. Comtech’s
latest ~ develop-
ment continues
to expand on its
proven innova-
tive integrated
RF GaN power
amplifier  de-
signs by further
increasing the RF power density. Consistent
with its planned technology development road-
map, Comtech introduced the latest in GaN-
based 6 to 18 GHz RF amplifier. This highly
integrated design is ideal for use in communica-
tion, electronic warfare and radar transmitter
systems where space, cooling and power are
limited.

COMTECH PST,

www.comtechpst.com.

Driver Amplifier
Y)VENDORVIEW

Custom MMIC introduced the CMD158P3 a
broadband driver amplifier ideally suited for
mixer LO chains, passive multipliers and me-
dium power applications. The CMDI58P3
covers 6 to 14 GHz and delivers 20 dB of gain
with +20 dBm of saturated power while requir-
ing a single +5 V supply at 95 mA. Housed in
a RoHS-compliant, Pb-free 3 X 3 mm QFN
plastic package, the CMDI158P3 offers high
performance in a small footprint. The input and
output ports are DC blocked.

Custom MMIC,

www.CustomMMIC.com.

GaN HEMT

IGN3135M130
is an internally
pre-matched,
gallium  nitride
(GaN) high
electron mobili-
ty transistor
(HEMT). This

Operational Amplifiers
JVENDORVIEW

Linear Technol-
; ogy introduced
4 o the LT6016 and

il
il LT6017,  dual
A/f and quad wide

input range op-
Lneee

erational ampli-

fiers. These am-
plifiers combine high precision with the rug-
gedness and versatility of LTC’s unique Over-
the-Top® architecture. Input offset voltage is 50
JV max, input bias current is 5 nA, and low fre-
quency noise is 0.5 pVP-P making these devices
suitable for a wide range of precision industrial,
automotive and instrumentation applications.
Over-the-Top inputs provide true operation
well beyond the V+ rail.
Linear Technology Corp.,

www.linear.com.

Broadband Amplifier
Microwave So-
lutions intro-
duced an ultra-
broadband

amplifier offer-
ing low noise fig-
ures, good gain
= flatness and out-
put power. Model MSH-6492401 operates on 1
to 10 GHz with 28 dB gain, noise figure of 2.5
dB, +20 min Pout (1 dBm), VSWR 2.0:1 and DC
power of +12 V/300 mA. The bandwidth makes
this amplifier useful for many applications in-
cluding ECM instrumentation and test sets.
Microwave Solutions Inc.,
www.microwavesolutions.com.

Instrumentation Amplifiers

QuinStar Tech-
nologies Inc. an-
nounced the re-
lease of the QAT
family of instru-
mentation am-
plifiers in the
millimeter wave
frequency range based on the most advanced
device and circuit integration technology. These
amplifiers can be designed to operate over a
wideband or over relatively narrowband with an
exceptionally high power level. Customers have
used them for applications as diverse as plasma
diagnostic, medical research, communication
and remote sensing.

QuinStar Technologies Inc.,
www.quinstart.com.

LDMOS RF Power Transistors
VENDORVIEW

Richardson RFPD Inc. announced immediate
availability and full design support capabilities
for five new laterally diffused metal oxide semi-
conductor
(LDMOS) pow-
er transistors
from Freescale
Semiconductor
Inc. The five
new RF power
transistors offer
enhanced levels
of performance designed to boost the efficiency,
peak power and signal bandwidth of next-gen-
eration base stations. With these additions, the
Airfast RF power product line now includes at
least one solution for each cellular band, sup-
porting small and large (macro) cell base station
applications.

Freescale Semiconductor Inc.,

distributed by Richardson RFPD Inc.,

www.freescale.com.

InGaP HBT Amplifier

RFMD’s RFCA1008 is a high performance In-
GaP HBT MMIC amplifier designed with the
InGaP process technology for excellent
reliablility. The hetero-
junction increases
breakdown voltage and
minimizes leakage cur-
rent between junctions.
A Darlington configura-
tion is utilized for
broadband perfor-
mance. The RFCA1008
contains two amplifiers
for use in wideband
push-pull CATV ampli-
fiers requiring excellent second order perfor-
mance; the second and third order nonlineari-
ties are greatly improved in the push-pull con-
figuration.

RF Micro Devices Inc.,

www.rfmd.com.

GaN Transistor

VENDORVIEW

RFMD &

RFCA1008

RFMW Litd. an-
~— nounced design
\ and sales sup-
e / port for TriQuint
7N T1G6003028-FL,
v / DC to 6 GHz
GaN transistor
offering 30 W
Gain at P3dB is >11 dB requiring half the pow-
er from a driver stage compared to some com-
petitors. Linear gain is > 14 dB. The
T1G6003028-FL uses a 28 V supply and only
percent. The —FL flange package offers low
thermal resistance and is easily bolted down.
TriQuint Semiconductor,
distributed by RFMW Litd.,

Semiconductor’s
P3dB at 6 GHz and up to 40 W P3dB midband.
200 mA of current. Overall efficiency is up to 60
www.triquint.com.
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1
ultra small

Actual Size
2X2mm

A perfect fit for almost any PCB!

rarvr ATTENUATORS -c. 061,527 .

Our new tiny 2W fixed value absorptive attenuators are vibration, PIND, thermal shock, gross and fine leak and more,
now available in molded plastic or high-rel nitrogen-filled ceramic  at up to 125°Cl
packages. They are perfect building blocks for both broad The molded plastic YAT family uses an industry proven,
and narrow-band systems, reducing effects of mismatches, high thermal conductivity case and has excellent electrical
harmonics, and intermodulation, improving isolation, and performance over the frequency range of DC to 18 GHz. For
meeting other circuit level requirements. These units will deliver more details, just go to minicircuits.com — place your order
the precise attenuation you need, and are stocked in 1-dB today, and you can have these products in your hands as

steps from O to 10 dB, and 12, 15, 20 and 30 dB. soon as tomorrow! (9 Rotis compiiant
The ceramic hermetic RCAT family is built to deliver reliable,
repeatable performance under the harshest conditions FREE Simulation Models! :Im‘_;-
having been qualified to meet MIL requirements including —
Plastic http://www.modelithics.com/mvp/Mini-Circuits/

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

- - - - ®
[JMini-Circuits
1ISO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

—~56
&.‘.‘1”2 The Design Engineers Search Engine finds the model you need, Instantly  For detailed performance specs & shopping online see miniciﬁuits-oog
U.S. Patent:

rroa, Tete IF/IRF MICROWAVE COMPONENTS 515 rov org


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

New Products

Components
High-Reliability Ferrite Beads

AEM Inc. announced the availability of its
DSCC-approved line of ferrite chip beads de-
signed for ultra-high-reliability applications.
The HRB Series is the first and only line of fer-
rite beads manufactured with qualified materials
and tested to compliance with DSCC drawing
03024. The DSCC drawing 03024 specifications
prescribe the stringent physical, electrical and
operational specifications for high-reliability fer-
rite chip shielding beads. The series is available
per EIA 0603, 0805 and 1206 package sizes with
current ratings ranging from 0.2 to 4.0 A.

AEM Inc.,

www.aem-usa.com.

Low PIM Cable Assemblies
Y)VENDORVIEW

AtlanTecRF now
has stock of
low PIM cable
assemblies that
are designed
specifically ~ for
applications
where it is essential to have a low level of PIM
products. This newly launched series of high

Modules

performance and low intermodulation cable
assemblies are available in two convenient di-
ameters and a large range of lengths. To achieve
the low intermodulation level of -155 dBm at 6
GHz with 2 tones of +26 dBm, the cable mate-
rial consists of a silver plated copper centre con-
ductor with PTFE dielectric and a copper/tin
composite outer conductor.

Atlantic Microwave Litd.,
www.atlantecrf.com.

WiFi FBAR Filter

Avago Technol-
ogies unveiled a
FBAR filter for
small cell appli-

cations. The

.. ﬁ ACFF-1024 is a
& new miniature
bandpass filter
optimized  for
use in the 2.4 GHz ISM band. Designed with
Avago’s FBAR technology, the ACFF-1024 en-
ables concurrent operation of WiFi and Bluetooth
applications that coexist with other wireless stan-
dards such as PCS and LTE Bands 7 and 40 with-
out performance degradation due to interference.
Avago Technologies,
www.avagotech.com

Power Combiners

Y)VENDORVIEW
MECA  Elec-

tronics Inc. in-
troduced its H-
Series, 100 W,
Wilkinson high
power combin-
er/dividers  in

®

SAW for
Defense & Space

" 4

Integrated Microwave Assembilies for
IF signal processing with SAW's

exceptional performance:
o state-of-the-art design
« high freq selectivity
« high dynamic range
» MIL & space qual

e minimal SWaP

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

Space
Communications
Electronic Warfare

r410:10n

CORPORATION

www.phonon, imog

two-way, three-way and four-way configurations
for wireless applications between 0.4 and 2.2 GHz.
High isolation (25 dB), VSWR of 1.15:1 and low
insertion loss (less than 0.3 dB). Available in 7/16"
DIN, Type-N, SMA and TNC connectors. Essen-
tial for combining unbalanced inputs. Available
stock — 4 weeks ARO. Weatherproof models (IP
65) available. Made in USA - 36 month warranty.
MECA Electronics Inc.,

www.e-MECA.com.

Hand-Flex Cables
Y)VENDORVIEW

Mini-Circuits announced new interconnect ca-

bles, the 0.086" and 0.141" hand-flex coaxial ca-

bles. These cables are ideal replacements for
existing custom bent semi-
rigid cable. Key features in-
clude wideband frequency
coverage of DC to 18 GHz,
low loss and excellent return
loss, hand formable to almost
any custom shape without
special bending tools, anti-
torque nut prevents cable

stress during installation and a standard insu-

lated outer jacket.

Mini-Circuits,

www.minicircuits.com.

Quasi Drop-In Circulator

Y)VENDORVIEW

Renaissance has
developed a
new S-Band
drop-in  circula-
tor that is de-
signed for am-
plifiers used in
space  applica-
tions. The isolator can operate between 2.2 and
2.4 GHz with 0.5 dB insertion loss and 20 dB
isolation and return loss. The design can handle
75 W over -40° to +95°C. Port 2 has an extend-
ed TNC female connector and the other two
ports are coplanar drop-in tab style.
Renaissance/HXI,

www.rec-usa.com.

Quadrature Mixer

Y)VENDORVIEW

Model SFQ-94394312-1010SF-S1 is a W-Band
quadrature (I/Q) mixer. The mixer employs
high performance GaAs Schottky beamlead di-
odes, balanced configuration and proprietary
circuitry to produce superior RF performance.
The RF and LO ports
of the W-Band I/Q mix-
er are WR-10 wave-
guides and IF ports are
standard SMA(F) con-
nectors. The RF and
LO operating band-
width is up to 4 GHz
and IF frequency is from DC to 1 GHz. The
mixer requires +16 dBm LO power and has 12
dB conversion loss.

SAGE Millimeter Inc.,
www.sagemillimeter.com.

Isolators/Circulators

VidaRF offers a wide selection of isolators and
circulators designed to cover 80 MHz to 40
GHz. Configured to coaxial, drop-in, surface
mount or waveguide. Standard connector
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August 5 - 9, 2013 * Denver, Colorado

Technology is advancing at a MILE HIGH pace and EMC testing is necessary to the success of
this progress. No longer are the boundaries of EMC testing relegated to open area test sites,
laboratories and text books; they are becoming part of our daily lives. The electric and hybrid
vehicles and the Smart Grid, are two big arenas where EMC plays a major role.

The EMC 2013 Symposium will include many topics to enhance your understanding of EMC,
sharpen your design skills, and perfect your skills in dealing with EM phenomena.
Join us in the Mile High City for a week of learning, collaboration and connecting

with industry peers and start your path into the world of EMC green.

Learn the Leading Edge Info on:

* EM Interference and Environments e Signal Integrity

e Shielding, Grounding, Bonding  EMC Management

e EMP Lightning, ESD e Nanotechnology

* Transient Suppression * Spectrum Management
 EMC Measurement * EM Product Safety

For Event Details Visit: www.emc2013.org I E E E Illiiii:||"||llm1||::::::

SOCIETY,
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Since 1985 we have offered our custom
design filters and sub-assemblies in
combline, interdigital and
suspended-substrate technologies.

Ergudbantd

Suspandel-Subsirniy

Fllters, Diplsasrs, Tripleesrs, Duatdruplsssrs,
Oulntuglytsrs, Saauplasars..,

DEQY Qiks Fllisrs =8
: Flidar Seuliss

ES Microwave, LLC

B031 Cessna Avenue, Gaithersburg, MD 20878
F; 301-518-8407 F: 301-518-8418
WWW. S MICrowWave.com

A010K221-7070R

-
w
Q
o
=

= All Solid State Amplifier
= Frequency Range : 10kHz ~ 220MHz
= Qutput Power : 10kW

http://rk-microwave.com

R&K Company Limited
721-1 MAEDA, FUJI-City, Tel : +81-545-31-2600

SHIZUOKA-Pref.  Fax: +81-545-31-1600
416-8577 JAPAN  E-mail : info@rkco.jp
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New Products

SMA  Female,
other  connec-
tors are avail-
able upon re-
quest. Magneti-
cally  shielded,
clockwise or
i counter-clock
wise rotation (CCW), low IMD -80 dBc, reflect-
ed power from 1 to 250 W on pending models,
single or double junction and RoHS compliant.
VidaRF,
www.vidarf.com.

Software

PCB Layout Software
Y)VENDORVIEW

Intercept announced a major new enhance-
ment release of its Pantheon PCB layout soft-
ware. The most notable new feature is Panthe-
on’s 3D viewer, which displays actual stackup
and dielectric layer heights, as defined by the
user, with easy to use object selection and re-
porting. It also boasts brand new via handling.
Vias and via arrays can be easily added to board,
block, or component geometries, while newer
capabilities allow for automatic via stitching
along a manually drawn line or on the interior
or exterior of selected objects.

Intercept Technology Inc.,
www.intercept.com.

We are currently seeking
potential authors among
engineers and managers
who believe that they can
make a contribution to the
literature in their areas

of expertise. If you have
published technical papers,
conducted professional
seminars or solved impor-
tant real-world problems,
then you are an excellent
candidate for authorship.

We invite you to submit
your manuscript or soft-
ware proposal for review.
For a complete publications
catalog and Author’s Ques-
tionnaire please contact:

Mark Walsh, Senior Editor

1-800-225-9977
mwalsh@artechhouse.com

'}}\ARTECH HOUSE

www.artechhouse.com

CALL FOR BOOK AUTHORS

Power Meter Software

LadyBug Technologies’ latest Virtual Power Me-
ter V4.5 supports a broad range of RF measure-
ment solutions. The VPM is an ideal user interface
for displaying time domain scope-like
profiles of the
modulated wave-
form. When
used with Lady-
Bug’s Pulse Pro-
filing  Sensors,
the software de-
livers clear and
concise pulse details. Measurements such as aver-
age power, droop, crest factor, peak and pulse
power, along with statistical information such as
CDF, PDF and CCDF, are also provided with full
scaling control.

LadyBug Technologies,
www.ladybug-tech.com.

COMPLETE Library Release

Modelithics announced the release of Mod-
elithics® COMPLETE Library version 10.0 for
Agilent Advanced Design System (ADS). With
this new release, the Modelithics COMPLETE
Library now represents over 8600 individual mi-
crowave devices. Version 10.0 introduces over 25
new Global Models™ for popular surface mount
RLC component families from vendors such as
Passive Plus, AVX, Aeroflex, Murata and Chili-
sin. The Piconics conical inductor models in the
CLR library have been upgraded to full equiva-
lent circuit models validated up to 65 GHz and
addressing multiple mounting configurations.
Modelithics Inc.,

www.modelithics.com.

Sources

OCX0

Model 122 is an ultra-high stability OCXO. The
oscillator utilizes the doubleoven and IHR tech-
nologies to provide less than 1 W power con-
sumption. It is also capable of holding high fre-
quency stability to 0.2 ppb over -10° to

+60°C and +0.2

ppb/day  aging
(for 10 MHz).
The device is
housed in a 20 x
20 mm packag-
ing. Currently,
frequencies are
available from 8
to 100 MHz. Typical applications for this part
includes but not limited to rubidium standard
replacement, GPS disciplined frequency stan-
dards, instrumentation and communication sys-
tems.

CTS Electronic Components,

www.ctscoz p.com.

Rubidium Oscillator

Based around
an atomic clock,
the  IQRB-1
+0.05 ppb ru-
bidium  oscilla-
tor delivers an
accuracy of
+5E10-11  irre-
spective of temperature fluctuations. This new
Sub Miniature Atomic Clock (SMAC) is housed
in a 5-pin 51 mm? package, making it compati-
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New Products

ble with many existing OCXO footprints whilst
offering improved performance. Operating at a
standard frequency of 10 MHz, the IQRB-1 can
accept supply voltages of between 12 and 18 V.
Power consumption is up to 6 W with a warm-
up time of typically 5 minutes.

IQD Frequency Products Ltd.,
www.igdfrequencyproducts.com.

High Performance VCO

The DCSR1000-8 delivers 1 GHz output fre-
quency signal with low phase noise performance
of -122 dBc/Hz at 10 kHz Its planar
resonator  con-
struction makes
i : it a good solution
, for high vibration
applications. Tt is
an ideal building
block for low
noise sources in IF converters and clock transla-
tors in high data capacity radios. Other features of
this high performance VCO are supply voltage of
+8 V, high modulation bandwidth and typically 15
dB of harmonic suppression.
Synergy Microwave,
www.synergymwave.com.

Test Equipment

Remote Spectrum Analyzer
YJVENDORVIEW

Narda Safety Test Solutions has expanded the
range of functions of its remote spectrum
analyzer. The “Scope
and I/Q Data” option
for the NRA-3000 and
NRA-6000  analyzers
deliver the data from
signal sequences sepa-
rated into the real (or
in-phase) and the imagji-
nary (quadrature) com-
ponents.  Coverage is
uninterrupted up to a
channel bandwidth of
400 kHz. The data are
available as a gapless
stream via TCP/IP or UDP. The NRA transfers
the data in blocks of up to 250,000 points for
channel bandwidths of up to 32 MHz.

Narda Safety Test Solutions,
www.narda-nra.com.

Temperature Sensors

TS3 fiber optic temper-
ature sensors control
temperatures in micro-
wave chemistry. The
outer jacket of the fiber
optic temperature sen-
sor is made from Teflon
and at the sensor tip a GaAs-crystal is attached.
The probe sensor is completely non-conductive
and offers complete immunity to RF and micro-
wave radiation with high temperature operating
capability, intrinsic safety, and non-invasive use.
The sensors are also designed to withstand
harsh and corrosive environments.
OPTOcon AG,

www.optocon.de.
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FAST PULSE TEST SOLUTIONS

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

AVR-EBA4-B: for reverse-recovery time tests
AV-156F-B: for airbag initiator tests
AVO-9A-B: for pulsed laser diode tests
AV-151J-B: for piezoelectric tests

AVOZ-D2-B: for production testing attenuators
AVR-DV1-B: for phototriac dV/dt tests

Avtech Electrosystems Ltd.

AST;STOUTDOOR[SWITCHES

For all outdoor & severe weather applications

754 Fortune Crescent, Kingston, ON, K7P 2T3, Canada
Tel: 613/384 3939 - e-mail: info@astswitch.com

WWW_ASTSWITCH.COM

LOGLISE

Since 1961

HIGH-REL

Waveguide Switches
WR10 thru WR975

~— I Ground-Sea

Air-Space
E 75 %
| -

S i

Ultralight
VALUE - QUALITY - FAST DELIVERY

LOBUSGO 5615422196
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The Book End

Cognitive Radio Techniques:
Spectrum Sensing,
Interference Mitigation, and
Localization

Kandeepan Sithamparanathan,

RMIT University, Australia, and Andrea
Giorgetti, University of Bologna

ognitive radio has been a hot topic
‘ in recent years in the military and

especially in the commercial mar-
ket with the opening up of white space
applications. Many books cover the ad-
vantages, challenges and critical problems
associated with the technology and others
cover the concepts, principles and theory
very well. But few cover the core function-

alities related to cognitive radios with an
in-depth and wide range of knowledge for
enabling the technology.

Cognitive Radio Techniques: Spectrum
Sensing, Interference Mitigation, and Lo-
calization focuses on radio scene analysis
and interference mitigation topics, which
are not treated well enough in currently
existing books on cognitive radio. The
book provides an extensive treatment
on cognitive radio techniques for radio
scene analysis with spectrum  sensing
techniques, localization techniques and
interference mitigation techniques. The
book covers three major areas: spectrum
sensing in cognitive radios, coexistence
and interference mitigation techniques,
and localization and radio environment
mapping. It also includes all the necessary
mathematics, statistical and probabilistic
treatments, and performance analysis to
give a comprehensive understanding of
the material.

This book is a good reference for
practicing engineers in the industry, re-

searchers and higher degree students
who are working on radio scene analysis
and interference mitigation for cogni-
tive radios and networks. The book pro-
vides performance analysis that enables
one to understand the capabilities of the
various techniques presented and pro-
vides sufficient knowledge to perform
additional research work.

To order this book, contact:

Artech House
685 Canton Street

Norwood, MA 02062

(800) 225-9977

or
16 Sussex Street,
London, SW1V 4RW, UK

+44 (0) 20 7596 8750

369 pages, $139
ISBN: 978-1-60807-203-3

NEW 2013 PUBLICATION!

Handbook of Reflector Antennas
and Feed Systems

Here’s the first truly comprehensive and most up-to-date
handbook available on modern reflector antennas and
feed sources for diversified space and ground applica-
tions! The handbook consists of three volumes:

Applicatiom
af Raflectory

Volume I: Theory and Design
of Reflectors

Satish K. Sharma, Sudhakar Rao, and
Lotfollah Shafai, Editors

Hardcover. 350 pp.
Available July 1, 2013
ISBN: 978-1-60807-515-7 $189

Volume IlI: Feed Systems

Lotfollah Shafai, Satish K. Sharma, and
Sudhakar Rao, Editors

Hardcover. 450 pp.
Available July 1, 2013
ISBN: 978-1-60807-517-1 $219

Volume IlI: Applications of
Reflectors

Sudhakar Rao, Lotfollah Shafai, and
Satish K. Sharma, Editors

Hardcover. 450 pp. 2013
ISBN: 978-1-60807-519-5 $219

Save $168 off full prices! Exclusive through Artech House,

order the complete 3-Volume set for $459 at www.ArtechHouse.com

US: call 1-800-225-9977 (in the U.S. or Canada), L. i i
or 1-781-769-9750, ext. 4030 All orders plus shipping/handling and applicable taxes.
Fax to: 1-781-769-6334 ~
E-mail to: artech@ArtechHouse.com » A R T E c H H o U s E
d
UK: Call +44 ‘(&)2(8)2785;% 870 QP costoniLonpon 685 Canton Street, Nowood, MA 02062 USA
ax 1to: +: H
E-mail to: artech-uk@ArtechHouse.com 16 Sussex Street, London SW1V 4RW UK

126 MICROWAVE JOURNAL m JUNE 2013


http://www.ArtechHouse.com
mailto:artech@ArtechHouse.com
mailto:artech-uk@ArtechHouse.com

Bl FARNING

center

June Short Course Webinars

Technical Ed ucation Training

Fundamental Tradeoffs for Space, Air and UAV SAR
Sponsored by: Rohde & Schwarz

Live webcast: 6/10/13, 1:00 PM ET

Agilent in Aerospace/Defense

LTE Design and Test Challenges for Public Safety Radio
and SDR Applications

Live webcast: 6/12/13, 1:00 PM ET

Innovations in EDA

Presented by: Agilent Technologies

Beyond CMOS vs. GaAs - Finding the Best Technology
Mix for a Handset PA

Live webcast: 6/13/13, 1:00 PM ET

Agilent in Wireless Communications
MIMO Over the Air (OTA) Handset Performance
and Testing

Live webcast: 6/27/13, 1:00 PM ET

Past Webinars On Demand

RF/Microwave Training S eries
Presented by: Besser Associates
e Mixers and Frequency Conversion

Market Research Webinar Series
¢ Technology Trends for Radar Systems

Technical Education Training Series

¢ Maximize the Performance of Your RF Signal Analyzer

o [TE Performance Testing - Using a MIMO Over-the-Air
Solution for Efficient Device Verification

e ncreasing Output Power and Efficiency of Microwave P2P Systems

e Future Directions in GPS Location Assurance

CST Webinar S eries

e CST STUDIO SUITE 2013 - MW&RF Simulation

e |mprovements to EDA and EMC Workflows in CST STUDIO
SUITE 2013

e Simulation of EMI in Hybrid Cabling for Combining Power and
Control Signaling

Innovations in EDA/Signal Generation & Analysis Series

Presented by: Agilent EEsof EDA/Agilent Technologies

o Accurate Modeling of GaAs and GaN HEMTs for Nonlinear
Applications

e Accelerating Radar/EW System Design Using Wideband
Virtual Scenarios

e GaN on SiC: RFMD High Power Design, Modeling and
Measurement

e World's Fastest Antenna Performance Measurement Technique

[=] %A s]

Register to attend at e
mwjournal.com/webinars
Eil"‘i‘h =

Presented by: Agilent Technologies
o Test Wireless Designs with a Low-Cost RF Vector Signal Generator

Agilent in Aerospace/Defense Series

© Multi-Antenna Array Measurements Using Digitizers

e Radar: Trends, Test Challenges and Solutions

e Understanding Probability of Intercept for Intermittent Signals

e Flectronic Warfare Testing: Capture, Measurement and Emulation
© RF/uW Measurement Uncertainty: Calculate, Characterize, Minimize

Agilent in LTE/Wireless Communications Series
® Your LTE Devices Need to Pass Conformance Tests — Now What?
 8x8 MIMO and Carrier Aggregation Test Challenges for LTE
e [TE and the Evolution to LTE-Advanced Fundamentals:

Part 1 and Part 2
¢ NFC Test Challenges for Mobile Device Developers
* Moving Forward to LTE-Advanced with Heterogeneous Networks

RF and Microwave Education Series

Presented by: Agilent Technologies

e Analyze Agile or Elusive Signals Using Real-Time
Measurement and Triggering

e Signal Analyzer Fundamentals and New Applications

e Signal Generator Fundamentals and New Applications

FieldFox Handheld Analyzers Series

Presented by: Agilent Technologies

e Techniques for Precise Power Measurements in the Field

e Techniques for Precise Time Domain Measurements in the Field

Micr@wave
Journal

Frequency Matters.
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70 dB Power Range

Rugged, portable, USB-controlled generators for production test
Sweep or hop across wide frequency and power bands, trigger
a single pulse or a continuous pulse train, use a pair for third-
order intercept tests, or slip one into your laptop case and
take it on the road! Our simple-to-use GUI will have you up
and running in minutes, with almost any PC.* Like all of our
portable test equipment, the new SSG-6000 is compatible
with most test software,” adding capabilities and increasing
efficiency without busting your budget!

* See data sheets for an extensive list of compatible hardware and software.

oy 209 s

Synthesized signal source for accurate, reliable testing

Signals within 1 ppm for frequency and 0.25 dBm for power
(-60 to +10 dBm), low harmonics (-50 dBc), frequency
resolution from 3 Hz, trigger and reference ports in and
out, and a 3-msec settling time help you get the data you
need from complex, high-speed testing plans. Just go to

minicircuits.com for specifications, performance data, and

everything you need to make your choice — and get it in
your hands as soon as tomorrow!
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NOW! Pulse widths from 1uS.

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

[JMini-Circuits’

1SO 14001 AS9100

1SO 9001

Frequency and power hopping.

Low spurious.

30 day
MONEY-BACK
GUARANTEE!

. See minicircuits.com/30d

6 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
M_}.‘i’lz The Design Engineers Search Engine finds the model you need, Instantly « For detailed performance specs & shopping online see mini':iﬂ:E uits.com-

U.S. Patents
7739260, 7761442

IF/RF MICROWAVE COMPONENTS

512 rev org
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Baseband & RF
MIMO & Fading
Rohde & Schwarz SMW 200A

The new vector signal generator for wideband communications systems
Unique generator with baseband, signal calculation, fading, MIMO, AWGN
and RF generation in a single box. Two paths up to 6 GHz. Full modularity.
Convenient touch operation for confident control of the most complex signals.
In 3G and 4G scenarios as well as in aerospace & defense application

1 160 MHz I/Q modulation bandwidth with in
1 All key MIMO modes, including
1 All key communications standa
1 Comprehensive he

1 Qutstandir

r 1 ST
VECTER 5']"""-“'-"4:'.“-_..1

------

ROHDE&SCHWARZ
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@ WERLATONE

Mismatch Tolerant®

HIGH POWER COMBINERS  ° Power Levels to 20 kW CW

e | ow Insertion Loss

' e Isolated and Non-Isolated Designs
B I I U F F e Rack Mount, Drawer Mount, Radial Type
[

e Coherent and Non-Coherent Combining

A few of our Customer driven designs.
Product Search —_

; Model Type Frequency Power Insertion Loss VSWR Isolation Size
For current designs (MH2) (W CW) (dB) (dB) (Inches)
D8265 2-Way 1-50 5,000 0.3 1.25 20 15.5x 15 x 5.25
D2075 2-Way 1.5-30 6,000 0.2 1.25 20 15.5x 11.75 x 5.25
For custom specs D8969 2-Way 1.5-30 12,500 0.2 1.25 20 17x17x8
D6139 4-Way 1.5-32 5,000 0.25 1.25 20 13x11x5
D6774 4-Way 1.5-32 20,000 0.3 1.20 20 21x17.25x 11
Werlatone, Inc. D6846 6-Way 1.5-30 4,000 0.35 1.35 20 3 U, 19" Rack
17 Jon Barrett Road D8421 8-Way 1.5-30 12,000 0.3 1.30 20 22.5%19.5 x 8.75
Patterson, New York 12563 D7685 4-Way 2-100 2,500 0.5 1.30 20 14.75x 13 x 7
T 845.278.2220 D2786 |  4-Way 20-150 4,000 0.5 1.35 20 18x17 x5
F 845.278.3440 D6078 |  2-Way 100-500 2,000 0.25 1.20 20 13x7x2.25
sales @werlatone.com H7521 | 2-Way (180°) 200-400 2,500 0.3 1.30 20 15x10x 2
www.werlatone.com | D7502 2-Way 400-1000 2,500 0.25 1.20 NI* 9.38x3.5x1.25 |

*NI = No Isolating Terminations

Our Patented, Low Loss Combiner designs tolerate high unbalanced input powers, while operating into severe Load Mismatch conditions.
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- Landing system of the
Curiosity™ Mars Rover

In order to land the Mars rover, NASA developed a new,
never-before used technology known as the “Sky Crane” -

10 minutes
to touchdown:

the capsule carrying Curiosity Entry Interface

v separates from its cruise stage 10:10:46 PM PDT
s and enters Mars’ atmosphere at 10:24:34 PM PDT
13,200 mph (21,240 kph). »
Parachute Deploy
The parachute deploys 10:15:05 PM PDT
at an altitude of 7 miles (11 km) 10:28:53 PM PDT

and the heat shield falls away. At
this point speed is about 900 mph
(1450 kph).

-

Heatshield Separation

10:15:25 PM PDT
10:29:13 PM PDT

As it nears the surface,

retro rockets fire to slow the vehicle to
1.7 mph (2.75 kph). The “sky crane” is
deployed to lower the Curiosity gently
to the Martian surface.

Touchdown

10:17:57 PM PDT
10:31:45 PM PDT

Information Source:

VectorStar® NASA, Space.com
Vector Network Analyzers

-
Call 1-800-ANRITSU to place an order or schedule a demo, or visit
www.goanritsu.com/vectorstar4


http://www.goanritsu.com/vectorstar4
http://Space.com

When you want accuracy combined with precision,
Anritsu VectorStar® VNAs deliver.

e Accurate results e Precise results
— Precision AutoCal™ provides greatest stability, — Industry-leading stability: better than 0.1dB
lowest loss and best matches and 0.5 degrees at 110 GHz over 24 hours
— Industry-best 0.1 dB compression point of up to — High level noise (trace noise) as low as 0.1 dB
15 dBm and 0.05 degrees
— Upto 140 dB dynamic range — Noise floor as low as -129 dBm with direct
—  Superior dynamic range of 109 dB at 110 GHz receiver access option

— Best-in-class time domain analysis including
100,000 points for maximum flexibility and
70 kHz start frequency for more precise low
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Designed and
Manufactured
in America

Configurable to meet your needs:

e 2port e Application areas covered
— Starting frequency 70 kHz — Passive and active components
— Upper to 20, 40, 50 and 70 GHz — Frequency translation components
e Multi-port — On-wafer device characterization
— 4 port to 12 port with coverage to 70 GHz — Signal integrity
e Broadband — Antenna measurements
— 70 kHz to 110 GHz, operational to 125 GHz — Non-linear measurements including active and
— Banded solutions to 750 GHz passive load-pull

— Noise figure measurement to 125 GHz

Get your complimentary copy of
The Essentials of Vector Network Analysis From a to Z,

Our best-selling guidebook is a valuable reference as well as a useful introduction to the
technology and application of the VNA. It’s yours with a technical consultation.

To reserve your copy, call 1-800-ANRITSU or go online to
www.goanritsu.com/vectorstar4.

Bonus! Just for registering, you’ll get immediate access to the downloadable
instrument guide, Understanding VNA Calibration.

- /Zinritsu

©2013 Anritsu Company.
All Rights Reserved.
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