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This is no pla

VNA Master™ Handheld
Vector Network Analyzers

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

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

e 350 us sweep speed—over twice as fast as any other handheld VNA.

e Full performance over the specified temperature range to +55° C, even while
battery powered.

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

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

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

Advanced VNA Cable . . .
complimentary field guide, Advanced VNA Cable Measurements.

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

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

il
Sales Offices: USA and Canada 1-800-ANRITSU, Europe 44 (0) 1552-433433,
Japan 81 (45) 223-1111, Asia-Pacific (852) 2301-4980, South America 55 (21) 2527-8922,
www.anritsu.com, ©2012 Anritsu Company



RF/LO IF LO Conversion LO-to-RF
Model Frequency Frequency Power Loss (dB) Isolation
Number (GHz) (GHz2) (dBm) Typ./Max. (dB) Min.

L _ DOUBLE-BALANCED VERSIONS
DMO0052(L)A2 0.5 - 2 DC-05 715
DMO104(L)A1  1-4 B 743
DM0208(L)W2 2-8 BEe 2 718
DM0408(L)W2  4-8 be > 7. 13
DM0812(L)W2 8- 12 DC-4 713
DM0416(L)W2  4- 16 DC-4 7-13

Lw2 2-18 DC - 0.75 718

A1, 2-2 DC-0.5 7-13

(L)W1

TBROO58(L)A1 0.5-8

. 10.5/12.5
TBO218(L)W2  2- 18 05-8 10- 15 7.5/9.5 20
TBO426(L)W1  4-26 . 10112
TBO440(L)W1  4-40

RF/LO Conversion

Frequency Loss Image Rejection Isolation

(dB) Max. (dB) Min. (dB) Min.
IRM0204(*)C2(**) 2-4 7.5 18 20
IRM0408(*)%(**) 4-8 8 18 20
IRM0812(*)C2(**) 8-12 8 18 20
IRM1218(*)C2(**) 12-18 10 18 20
IRM0208(*)C2(**) 2-8 9 18 18
IRMO0618(*)C2(**) 6-18 10 18 18
IR1826NI7(**) 18 - 26 10.5 18 20
IR2640NI7(**) 26 - 40 12 18 20

Conversion Balance
Model Frequency Loss Phase (*Deg.) Amplitude (+dB) - Isolation
Number (GHz) . . Ma (dB) Min.

IRM0204(*)C2Q 105 R T

) Dk
IRM0408(*)C2Q 4-8 11 7.5/10 1.011.5 20
IRM0812(*)C2Q 8-12 11 5/7.5 75/1.0 20
IRM1218(*)C2Q  12- 18 13 10/15 1.01.5 20
IRM0208(*)C2Q 2-8 12 7.5/10 1.01.5 18
IRM0618(*)C2Q 6-18 13 10/15 1.01.5 18
IR1826NI7Q 18 - 26 135 10/15 1.01.5 20
IR2640NI7Q 26 - 40 15 10/15 1.0/1.5 20

~ IFFREQUENCY OPTIONS
. (")AddLetter ~ IF Frequenc
A W e

reactabile

For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteq.com

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

www.miteq.com




SWITCH MATRICES

Solid State Switch Matrices & Switching Networks to 40GHz

Amplifiers
Attenuators - Variable

DLVA & ERDLVA &
SDLVA’s

DTO’s
Filters

Form, Fit & Function
Products

Hybrids, Dividers &
Couplers

IFM’s & Frequency
Discriminators

Integrated MIC/MMIC
Modules

1/Q Vector Modulators
Limiters & Detectors
Log Amplifiers

Pulse & Bi-Phase
Modulators

Phase Shifters

Rack & Chassis Mount
Products

Receiver Front Ends

Single Sideband
Modulators

SMT & QFN Products

Solid-State Switches

Switch Matrices

Switch Filter Banks

Threshold Detectors

USB Products

©® HANDOVER TEST SYSTEMS

e o ¢ ¢ ¢ ¢

SWITCH MATRICES & SWITCHING NETWORKS

RF SWITCH ASSEMBLIES

PROGRAMMABLE ATTENUATOR ASSEMBLIES
BLOCKING & NON-BLOCKING

FAN-IN & FAN-OUT CONFIGURATIONS

BIDIRECTIONAL

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

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

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

CUSTOM DESIGNS AVAILABLE TO SUIT YOUR APPLICATION NEEDS

PMI STANDARD SWITCH MATRICES

(GHz) Outputs (dB) (nSec) (dBm, CW) |

[sm-20M3G-4x4 ][ 0.02-30 |
[lsm-20m3G-8x8 0.02-3.0
[lsm-20m3G-16X16 0.02-30 |[ 16/16 16 60 45 100 2.0:1 20
[[sm20m3G-32x32 0.02-30 |[ 32/32 19 60 45 || 100 201 20
[lsm-2G18G-4x4 2.0-180 4/4 14 60 45 100 2,011 20
llsm-2G18G-8x8 2.0-180 8/8 16 60 45 || 100 200 | 20
{[sM-2G18G-16X16 2.0-18.0 16/16 19 60 45 100 2.0:1 20
[sm-2G18G-32x32 20-180 || 232 23 60 | 45 || 100 201 20
[smM-18G40G-4x4 18.0 - 40.0 414 16 60 45 100 2.0:1 20
[[sm-18c406-8x8 18.0-40.0 8/8 18 60 45 100 2.0:1 20
{lsM-18G40G-16X16 18.0-400 || 16/16 22 60 45 100 2.0:1 20
lsM-18G40G-32x32 180-400 | 32/32 || 25 60 45 00 || 201 20

m
/!\\\
AT AR TN / l \\\

PMI-
VYWY

PLANAR MONOLITHICS INDUSTRIES, INC.

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

custom products to meet spe

of over 500 catalog products — most are available from stock. Narda also can provide

cific program requirements. Please contact the factory for details.

communications company
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See the big picture quickly in one
design environment with VSS.
Zoom in to make circuit tweaks.
Then zoom out to see the system
impact. VSS does system budget
analysis and identifies sources of
IM products, harmonics, and noise
directly on your Microwave Office
circuits. VSS's powerful simulator
defines complex systems — radio
and circuit designs, baseband
signal processing, algorithmic
development, and digital fixed-point
implementations too. Grab a test
copy at awrcorp.com/VSS.




DecemBer| 2012
Volume 51, Issue 12 CONTENTS

13| From The Editor
With energy harvesting the “next big thing” for wireless devices,
automobiles, and more, the ability to wirelessly charge handheld
devices is beginning to reach consumers.

30/ Inside Track

Microwaves & RF sits down with Tim Dunn,
Vice President of Mobile Devices for
TriQuint Semiconductor. ’ £

34| EuUMW Amsterdam Delivers On New Technology
European Editors Sally Ward-Foxton and Paul Whytock report
their findings from the 15th Annual European Microwave
Week in Amsterdam.

37! INDUSTRY INSIGHT

Standards Set Limits For Wireless Applications

Wireless technology is reaching well beyond cellular telephones
and wireless data networks, improving the quality of applications
in industrial, medical, and automotive areas.

40| rF ESSENTIALS

Managing Phase Noise In Microwave Sources
Phase noise is an inevitable consequence of producing RF/
microwave signals, although its sources can be understood
and controlled.

| DESIGN FEATURES

46| Move From Microstrip To Wide Slotline
This microstrip-to-wide-slotline transition achieves a smooth shift
in impedance between the low- and high-impedance transmission
lines while achieving wide bandwidth.

50| SIW Filter Screens Narrow Bandwidth

This dual-mode, substrate-integrated-waveguide (SIW) filter offers
an asymmetric response and outstanding return loss at a center
_HiSanrs e IR R e e L ol NICTA- S frequency of 11.3 GHz.

COVER STORY

% 70T°p 2012 Products 56| UWB Antenna Adds Two Notches
This compact antenna provides full coverage of the UWB range
: Blend Value and from 3.1 to 10.6 GHz while including a pair of notches to minimize
Performance interference with WiMAX and WLAN signals.

This year's top offerings epitomize the
creativity and ingenuity of the design
engineers in the RF/microwave industry

in meeting the most demanding 78| New Products :
requirements of their customers. We run down the best of the best RF product offerings.

| NEWS & COLUMNS | 80/ Versatile Scopes Scan 0.2 To 1.5 GHz

e : s Available in various channel configurations and bandwidths, these
mixed-signal and digital-sampling scopes use touchscreen displays
? \N{eb Table 26 Company News and smart memory to simplify measurements.
Or Contents 32 R&D Roundup

PRODUCT TECHNOLOGY

19 Feedback 68 Application Notes
20 News 77 Advertiser’s Index
24 People

Penton

Design Engineering & Sourcing Group

Microwaves&RF | visit www.mwrf.com 5



PHASE STABLE THROUGH 70GHz

AT i
n*ed“’f‘g“r@rl]zged This combination of technology provides
or applications. Each  superior ruggedization, tal resistance, RF
rotected with flexible, SPIRAL-  shielding effectiveness and stability
Steel armor coated with extruded vibration. :
Additional connector interfaces and armor/c
are available on request.

Rosenberger Rmor™ ca
environments for indoo
shielded coaxial c
wound 304 Stai

MECHANICAL SPECIFICATION
Cable jacket & armor outer diameter:

092 inches nominal
.250 inches nominal

Minimum bend radius: .5 inches
Armor crush strength: 450 Ibs/in (min)
50 +/- 1 Ohms Connector retention: 225 [bs.

DC to 70 GHz Mating torque: 7-10 inch pounds
14 dB minimum up to 70 GHz
67 dB/it @ 10.0 GHz MATERIALS AND FINISHES
ity of propagation (%): 78 % nominal Armor type: 1304 SS &
i 24.7 pf/ft. nominal e blue jacket
Shielding effectiveness: <-90dB Connector environmental testing: -51D-202,
Dielegtric withstand voltage: 1000 Vrms - 01,106,107,204 & 213
Amplitude & phase stable: +/- .03dB & +/- 1° @10GHz Connector interface dimensio- 60169-17 Per MIL-

il

- Stop V00000 Gl | ~ Stop TO.000 G |

RFMW is the exclusive stocking distributor for Rosenberger’ Connectors and Cable Assemblies
RFMW, 188 Martinvale Lane, San Jose, CA 95119

PH: 408.414.1450 or 877.367.7369  Email: sales@rfmw.com

Website: www.rfmw.com/Rosenberger




Introducing the World's

First Vector Signal Transceiver
VSA + VSG + User-Programmable FPGA = RF Redefined

Combining a vector signal analyzer and a vector signal generator with a
userprogrammable FPGA for real-time signal processing and control, this
vector signal transceiver is a fraction of the size and cost of a traditional
solution. More importantly, the NI PXle-5644R is the first software-designed
instrument. With NI LabVIEW system design software, you can modify its

software and firmware to create an instrument that meets your exact needs.

>> Learn more at ni.com/vst

800 813 5078

m
1
(1]

Wi PXle-8135
Crsessed Cont

- WIRELESS TECHNOLOGIES

National Instruments supports a broad
 range of wireless standards including:

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

‘7 NATIONAL
’ INSTRUMENTS






Optimize Signal/Spectrum Analyzer
Throughput For High-Volume

Manufacturing Test

TO OBTAIN THE HIGHEST THROUGHPUT for the analyzers used in
manufacturing test, one should create a test plan that accounts for
speed, repeatability, and dynamic range. In this web-exclusive article,
Agilent Technologies’ Bob Nelson provides you with the blueprint.

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

ALSO, BE SURE B REVISIT IMS2012°

CHECK OUT THESE
OTHER RECENT The 2012 installment of the RF/micro- % 7
ARTICLES IN OUR wave industry’s flagship event, the International
CONTRIBUTED ! ;
TECHNICAL EXPERT Microwave Symposium, has come and gone. Luck-
SERIES. ily for you, it needn't live on just in memory. Visit
Visit www.mwrf.com/ www.mwrf.com to check out our show coverage,
community/contributors. : ¢ :
as well as www.engineering tv.com to view exclu-

sive videos from the show floor.
e -
o LV

engineering

2012 _»

MONTREAL

a———
e

NEWS UPDATES Sent To Your Desktop

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

. 2l ‘ gineers love, such as links fo free white papers and even
Spirent Compriticationy design software. If you're not already reading it, subscriptions are free, and available
from the Microwaves & RF website at www.mwrf.com.

KANG CHEN DAVID A. HALL

MEET THE CHALLENGES
OF TESTING EIGHT-
ANTENNA LTE

KANG CHEN—
Senior Applications
Specialist,

FIND OUT WHY PXI
IS BEING USED FOR RF
INSTRUMENTS

MWRF.com has archives of print and online articles dating back
Senior Product Marketing ’r.o October ?002. YISIT myvrf.oom foday and chcl; the 'Bock Ifsues
Manager, link. And while you're taking a look around the site, click on "Product
RF and Communications, Directory” to gain access fo our complete directory of products and
National Instruments suppliers.

DAVID A. HALL—

Microwaves&RF | visit www.mwrf.com 9



Highest Impedance Finder
= Use this tool to find the RF inductor with the highest impedance at a specific frequency.
= Enter your operating frequency and any other requirements, then press GO.

inductance H [SRE Az

ooral

* RF Inductor Comparison Tool

Laan 2%

0S03CSAON & AN & 1008C5.100
9.87 nH 9.98 nH 9.78 nH

72 56 "

63 Ohms. 63 Ohms
0.86 Ohms 1.14 Ohms

62 Ohms
0.86 Ohms.

SRF > 3000 MHz > 3000 WHz > 3000 WHz
Models S-poram SPICE S Sparam SPICE
GRS T Free sample "I Free sample

Inductance (nH)

v & 80Tty Ts

The best inductor
selection tools.

coilcraft.com/tools

_ 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.

|Actuat

|Inductance DER

XAL7030822 7309 0.04873 80

LPSE030682  6.920 0.099 50 50 38
XALTOI0682 615 0.04267 80 80 31
PSA012.682 6.752 L™ 41 41 12

XAL5050-682  6.709

RF Inductor Finder Results

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

_ Home | Design Tool

Sortresults by: Footpint ~! DCR v

| | SRE I o
Pan number Mounting Other *lin) (e oo s e

0302CS4N7 sm 470 00740 063 12070 086 053 045 5044
& : . 10860 083

 Inductor Core & Winding Loss Calculator

Step 1,23 Enter the operating conditions (a sews requieq)

Highest Q Finder

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

0805HS 470
0805HS-560 92 2495 5 1550

XAL7070-222MEB SMT power inductor 22uH o
XALTO70-582MER SMT power indudter 88uH ®
XALT070.122MEB SMT power inductor 12pH o

Now in a handy
pocket size.

coilcraft.com/mobile

WWW.COILCRAFT.COM



e 0.1 - 40 GHz
e Hermetically Sealed

L

| v e M
$ Frequency Range  (GHz) 0.1-18 0.1-26 18 — 26 18 — 40
Gain (dB) 22 24 24 22
Gain Flatness (dB) £2 5 £3:0 +2.5 +3.0
Noise Figure (dB) 3.0" 4.0* 3.8 4.0
P1dB (dB) +10 +8 +5 +5
VSWR (In/Out) 2.5 2.5:1 2.5:1 2.5:1 2.5:1 3.0:1
+15V/Current mA 150 175 175 200 200 225
* Above 500 MHz.

** Above 800 MHz. US Patent 7,557,431 B2

For additional information or technical support, please contact our
Sales Department at (631) 439-9220 or e-mail components@miteg.com

Avndladte

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

www.miteg.com




- 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.

e‘fé. qty. 10
« Highly Repeatable Performance

» Flat Conversion Loss & High Isolation
across the whole band

« Outstanding Thermal Stability,
-55 to +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!

- - - ] ®
4 Mini-Circuits
ISO 9001 ISO14001 AS9100 :
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

» “j@
&-’;’2 The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see

U.S. Patents
7739260, 7761442




AMPLIFIERS
[or bl applications

SUPER WIDE BAND 0.01 TO 20 GHz

A Wireless-Power Struggle

N THE WIRELESS INDUSTRY, the mark of a hot emerging technology is that a

standards war will rise around it. With energy harvesting the “next big thing” for > Excellent gain flatness and
wireless devices, automobiles, and more, the ability to wirelessly charge handheld noise figure
devices is beginning to reach consumers. This progress is in large part due to the work > Uncompromised input and
of the Wireless Power Consortium (WPC; www.wirelesspowerconsortium.com), which output VSWR
published the Qi low-power specification in August 2009 in hopes of creating a new > Very low power consumption
protocol for how people interact with power—much as the Wi-Fi Alliance did for wire- > Miniature size and removable
less networking. While the WPC has made great progress, it now faces some stiff com- connectors
petition from big names in electronics and other markets. > Drop-in package for MIC
The independently operated Alliance for Wireless Power (A4WP; www.a4wp.org), integration

for example, counts Broadcom, NXP, Qualcomm, and Samsung (also a member of
the WPC) as its members. At the end of October, the A4WP announced that its techni-
cal working committee had approved a flexible wireless power specification that will
allow consumers to charge their mobile devices on a variety of compatible surfaces.
The A4WP specification permits spatial freedom based on loosely coupled magnetic-

resonance technology. Thus, power can be transferred wirelessly through surfaces to W?f/‘f\ ®

multiple portable devices. i e
Instead of focusing on proprietary technologies or unregulated specifications, the ARG o

Power Matters Alliance (PMA; www.powermatters.org) plans to bring the Power 2.0

agenda to commercial realization while working under the umbrella of the IEEE. The e =

PMA counts AT&T, Google, and Starbucks among its members. One of the alliance’s s doeh s

working groups offers two specifications for smartphones. The first one defines the i

physical and logical interfaces of an insertable wireless charging card (WiCC). In con- b

trast, the second specifies the PMA protocol, enabling any compliant device to charge

at compatible locations as well as on wireless power products sold by retail chains. il

AF00120313A

Finally, Intel’s (www.intel.com) Wireless Charging Technology (WCT) lets users
charge their smartphones from their notebook PCs. This past August, Integrated
Device Technology, Inc. (IDT) announced that it will develop and deliver chipsets for
WCT. The resulting solution promises to go beyond inductive charging and “smart-
phone on a charging mat” usage. It also promises to deliver size and cost reductions.

Despite all of this competition, things still look good for the WPC and its Qi stan-
dard. With the backing of many handset manufacturers, the magnetic-induction-based
Qi standard promises to allow users to charge their devices wirelessly, no matter where
they are in the world. Over 100 Qi-certified products are already available. In addition,
phase one of the Okudake-Juden (Place and Charge) campaign has been successfully
completed, adding Qi wireless charging at more than 60 popular locations throughout
Japan. There are plans to expand to 126 total Qi charging locations by the end of this Herotek
month. Although it is unclear whether Qi will indeed become the ubiquitous standard
of choice, the world clearly has wireless charging in its future. MWRF

%3 X Frodlreh
Editor-In-Chief

Microwaves&RF | visit www.mwrf.com 13







POWER
SPLITTERS/
COMBINERS

woW 2kHz 1018 GHz .0 79°

The Industry’s Largest Selection includes THOUSANDS

of models, from 2 kHz to 18 GHz, at up to 300 watts power, and in coaxial,
flat-pack, surface-mount, and rack-mount housings for 50 and 75 Q systems.
From 2-way through 48-way designs, with 0°, 90°, or 180°

phase configurations, Mini-Circuits power splitters/combiners offer

outstanding performance for insertion loss, isolation, and VSWR.

Decades of experience with multiple technologies make it all possible, from

core & wire, microstrip, and stripline, to semiconductors and LTCC ceramics.

Get easy-to-find, detailed data and performance curves, S-parameters,

outline drawings, PCB layouts, and everything else you need to make a decision
quickly, at minicircuits.com. Just enter your requirements, and our patented search
engine, Yoni2, searches actual test data to find the models that meet your needs.

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

help our customers plan ahead and make quick decisions.
So why wait? Take a look at minicircuits.com today!

RoHS Compliant
Product availability is listed on our website.

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

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

> é’@
Mzﬂz The Design Engineers Search Engine finds the model you need, Instantly - For detailed perf ce s & shopping online see minici%ui@-ggm

U.S. Patents

7739260, 7761442 h IF/RF MICROWAVE COMPO

448 rev K
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DC-85 GHz

Power Dividers, DC-60 GHz
2-32 Way

Hybrids, to 40 GHz
90°8.180°

Bias Tees, to 85 GHz
30 KHz to 85 GHz
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Directional Couplers
Single and Dual, to 60 GHz
High Power, to 2500 watts

Attenuators, to 18 GHz
Digital, Analog, Linearized

Switches, to 18 GHz
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~ This tiny peak power sensor will make
giant impact on your productivity.

mcluded :

U2020 X-Series Peak Power Sensors
3,500 readings/sec measurement speed

2 models: up to 40 GHz

—30 to +20 dBm peak power range

y i
thgger m/out Now you dll always,be fready ) e
achieve your peak performance. B Internal zero and calibration

Agilent and our M
ake faster and more accurate pulse
Scan the QR rk Buy from an p

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

00.gl/AcGQv to Right Expertise. www.agilent.com/find/distributors i i
gee gvideo : Sliveiad Hiht Nows g www.agilent.com/find/USBpowersensor
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Don't Waste Time and Money

Designing Your Own Filter Test Box
Get your hands on Micro Lambda's tunable bench test filter

The MLBF-Series bench top filter from Micro Lambda
Wireless provides designers and test engineers an easy to
use wideband filtering capability in design labs and test
environments.

Engineers no longer have to do their own design with
individual components. The MLBF-Series can be supplied
as a wide band tunable bandpass or bandreject filter with
frequency coverage from 500 MHz to 50 GHz. Tuning is
accomplished via Mechanical Knob, Keyboard Input, USB
or Ethernet.

For more information about the MLBF

Get one today and simply plug it in and start testing! ~ Series or other products, please contact
Micro Lambda Wireless.

See our complete line of YIG-Tuned filters

== MICRO LAMBDA
= WIRELESS, INC.

Mini-filters cube filters Bandpass filters Bandrject
5t0 10 GHZ 5t0 18 GHZ 50 50 GHZ 51022 GHZ “Look to the leader in YIG-Technology”

46515 Land arkway, Fremont CA 94538 « (510) 770-9221 - sales@microlambdawireless.com




A LEGEND'S HIGHLIGHTS
Last night, I googled the
Microwaves & RF Microwave
Legends list for the first time.
(Note: To view all of the 2012
honorees, go to http://mwrf.
com/content/microwave-
legends-2012.) The people on
your list—such as Maxwell—
just blew me away! I am very,
very happy to be on your
list, even though I feel that I
should be on the bottom in
terms of contributions and
importance. Some people
may even wonder why [ am
on this distinguished list at all!
To show what I have con-
tributed, would it be possible
to list these accomplishments?
1.) Contributing to the
design and building the
prototype of the first low drift

differential amplifier,

with closed loop gain of 1
to 1000, to be put on a chip
by Fairchild.

2.) Contributing to the
design and building of the
Klystron Stations’ data multi-
plexer to the Blockhouse, for
the Stanford Linear Accelera-
tor. (I was even invited as a
guest for the first turn-on of
the system.)

3. Contributing to the
design of the B-52 bomber’s
down-looking radar.

It was very helpful to have
Secret Clearance from the Air
Force in securing my job at
Hewlett-Packard Co.

4, Designing the prototype
of a new temperature control
system for the semicon-
ductor industry’s diffusion

ovens. It had 200,000X more
bandwidth (not 5 Hz!) than
previously for faster settling
time, hugely improving yields
by eliminating temperature
spikes due to line voltage
variations.

Sorry about this, but be-
ing on a list with people like
Maxwell, Marconi, and Tesla
just freaked me out! Please,
show anything that I have ac-
complished, just to make me
feel like I may almost belong
onyour list.

JuLius BOTKA
SANTA Rosa, CA

Feedoback

EDITOR’S NOTE

Julius, as far as how all of

us at Microwaves & RF (and
many, many people in this
industry) feel, you belong on
that list. You have been an
inspiration to a lot of people
who have come after you in
this industry, and yours is a
name that will survive for a
long time in it. Sure, people
like Maxwell are true pio-
neers and very special. But it
takes a lot of different people
to help an industry grow, and
you are most certainly one of
those people.

Nancy Friedrich
Editor-In-Chief
nancy.friedrich@penton.com

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

Jack Browne
Technical Contributor
jack.browne@penton.com

Bandpass Fiters 100Hz to 40GHZ

Highpass Fiters 50Hz to 18GHz
Diplexers and Multtiplexers from 10kHz to 30GHz

America’s Filter Specialist since 1956

Lowpass Fiters 10Hz to 25GHz

Band Rejection Fiters 25Hz to 25GHz
Active Fiters 0.1Hz to TMHz

 3-5 Day Shipment Standard
-W‘%’\

Microwaves&RF | visit www.mwrf.com
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ace-Fence
onstruction
Is Set For 2013

NEXT SEPTEMBER,

the Air Force will begin con-
struction at its first site for
Space Fence, an advanced
ground-based radar system.
Located on Kwajalein Atoll in
the Marshall Islands, this site’s
construction puts the program
on track to meet its 2017 initial
operational capability goal. Using
new S-band technology, Space
Fence will enhance the way the
US detects, tracks, measures,

20

and catalogs orbiting objects
and space debris. In addition to
improved accuracy, Space Fence
will provide the US with better
timeliness and increased surveil-
lance coverage.

Once Space Fence is opera-
tional, the Air Force will be able
to decommission the aging US-
based Air Force Space Surveil-
lance System. Installed in 1961,
that system was not designed to
detect and track the hundreds

of thousands of smaller, orbit-
ing objects that are in space
today—never mind cataloging
them. With its greater sensitivity,
Space Fence will be capable of
detecting, tracking, and measur-
ing an object the size of a softball
orbiting more than 1200 miles in
space. Being an uncued tracking
system, it also will provide evi-
dence of satellite breakups, colli-
sions, or unexpected maneuvers.
Space Fence will provide this
precise positional data on orbit-
ing objects in both low-earth
(primary) and medium-earth
(secondary) orbits (see figure).
Data from Space Fence will be
fed to the Joint Space Opera-
tions Center at Vandenberg Air
Force Base, CA. That data will
be integrated with other Space
Surveillance Network data to

Construction will
begin next fall on
Space Fence, an
advanced, ground-
based radar system
that will improve
how the US Air
Force identifies and
tracks orbital ob-
jects. (Courtesy of
Lockheed Martin)
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provide a comprehensive space
situational awareness and inte-
grated space picture.

Air Force Space Command
will award a contract valued at an
estimated $1.9 billion over seven
years to build the radar. Last

Via Technology Packages Power Modules

er circuits. For circuits ranging from chip-scale devices to power modules, how-

P ACKAGING CAN BE CHALLENGING for both RF and direct-current (DC) pow-

ever, a new packaging option is now available from Remtec (www.remtec.com).
The company has merged its thermally and electrically conductive Power Transfer

Vias (PTVs) with the core

month, Lockheed Martin (www.
lockheedmartin.com) submitted

Power Transfer Vias for RF and DC power modules

Plated Copper on Thick
Film (PCTF) metalliza-

its final proposal to the US Air
Force to build Space Fence. Earli-
er this year, the company demon-
strated its prototype Space Fence
radar, which proved that it could

objects. The Lockheed Martin-led
team includes General Dynam-

Ceramic

Copper

tion technology. In doing
so, Remtec has achieved a
miniaturized, high-perfor-
mance, and cost-effective
packaging solution for
high-power  gallium-ni-
tride (GaN), gallium-arse-
nide (GaAs), silicon (Si),

ics, AMEC, and AT&T. Raytheon
Co. (www.raytheon.com) also
has submitted a proposal for the
Space Fence program.

Until the final design is deter-
mined, it is unknown exactly how
many personnel will be required
to construct the radar site. Once
the radar is operational, a long-
term workforce of approximately
10 to 15 contractor personnel will
most likely be needed at Kwaja-
lein to maintain the radar.

)
already detect resident space

STANDARDS UPDATE |

When combined with other PCTF features, PTV vias
can be used in applications requiring smaller, lower-
cost packages, higher switching speeds, efficient heat
removal, and higher power and integration levels.

and silicon-carbide (SiC)
devices (see figure).

This universal packag-
ing solution boasts high-
current-carrying capacity
in excess of 50 A, low lead

inductance, and thermal resistance below 1°C/W. In addition, it provides a low-loss
RF signal transition at a broad frequency range (to millimeter-wave frequencies) and
an improved match of thermal coefficient of expansion (TCE) with printed-circuit
boards (PCBs) and heatsinks. The PCTF substrates and packages with PTVs are fully
compatible with all common assembly methods, such as surface-mount-technology
(SMT) reflow solder; gold tin brazing and eutectic die attach; gold and aluminum wire
and ribbon bonding; ball-grid arrays; and flip-chip technology.

WiGig And VESA Form Working Group

ALLIANCE (WiGig; www.wigig.org)

and the Video Electronics Standards
Association (VESA; www.vesa.org) have
established a working group to advance
WiGig DisplayPort video standard cer-
tification. This partnership will address
interoperability between the DisplayPort
standard and WiGig's Display Extension
Protocol Adaptation Layer (PAL). When
the group’s work is complete, DisplayPort-
certified WiGig devices will seamlessly
interconnect without wires. Thus, a Dis-
playPort interface will be able to be used
without the use of a DisplayPort cable.

The WiGig Alliance has developed

60-GHz multigigabit wireless standards,
which can transmit at speeds to 7 Gb/s.
For its part, VESA created, owns, and cer-

TOGETH ER, THE WIRELESS GIGABIT

Microwaves&RF | visit www.mwrf.com

tifies the digital display interface, Display-
Port, which is mainly used to connect a
video source to a display device. Accord-
ing to IDC, DisplayPort will be featured in
89.5% of commercial desktops and 95%
of commercial notebooks by 2014. With
a wireless extension added to Display-
Port, users will gain a better experience
while the protocol itself will be enhanced.

WiGig Alliance published its Display
PAL, known as WiGig Display Extension
(WDE), in 2011. The specification was de-
veloped to support PC peripherals, high-
definition televisions (HDTVs), monitors,
and projectors. It also supports the latest
High-bandwidth Digital Content Protec-
tion (HDCP) encryption and is capable of
the transmission of both compressed and
uncompressed video.

@

Cellular machine-
to-machine (M2M)
connectivity services
will rise from
approximately 107
million connections
globally in 2011 to

- roughly 326 million
by 2016.
—IMS Research
(www.imsresearch.
com), now part of

kIHS,Inc.
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News

RFMD Scoops Up Amalfi

ELECOMMUNICATIONS  FIRMS
have been looking to imbue entry-
level phones with smartphone ca-
pabilities, prompting more users to take
advantage of data-centric applications.
To serve the growing entry-level smart-

phone market, Amalfi Semi-
conductor (www.amalfi.com)
provides CMOS power ampli-
fiers (PAs) that help boost op-
erating ranges in cellular front
ends. In signing a definitive

Powerful Mul, path/Link

Emulator

Multipath Rayleigh & Rician Fading

Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation

Mobile Comm’s on the.meve t&sting

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

RF Test Equipment for Wireless Communications
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- warfare information networks, tactical
- mobile user objective system
Joint Tactical Radio System

- Internet routing in space

dlEBmCorp, Inc

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

www.dbmcorp.com

agreement to acquire Amalfi,
RF Micro Devices, Inc. (www.
rfmd.com) is thus strengthen-
ing its already powerful pres-
ence in the cellular market.

According to Amalfi, its
transmit modules deliver su-
perior signal strength while enabling
extended battery life and decreasing the
size and cost of front-end cellular hand-
setdesigns. At the heart of those modules
is the firm’s patented AdaptiveRF CMOS
PA architecture. REMD plans to acceler-
ate the market adoption of Amalfi’s RF
CMOS and mixed-signal integrated cir-
cuits (ICs)—combining Amalfi’s prod-
ucts and expertise with RFMD's deep
customer relationships, broad product
portfolio, in-house manufacturing scale,
and global supply chain.

Under the terms of the agreement,
RFMD will acquire Amalfi with cash
on hand for total consideration of ap-
proximately $47.5 million (net of cash
received). The transaction is expected
to be accretive to REMD’s P&L within
two quarters.

FREEWAVE TECHNOLOGIES—The company's
MM2 wireless data radio has received a
Machine-to-Machine (M2M) Evolution Prod-
uct of the Year Award from TMC and Cross-
fire Media.

ELECTRONIC COMPONENTS INDUSTRY ASSO-
CIATION (ECIA)—Arrow Electronics President
BriaN McNaLLY has been presented with the
Gail S. Carter Award, ECIA’s highest honor.
McNally served as President of the National
Electronic Distributors Association (NEDA).
ETISALAT GROUP—Has won four Gold Stevie
Awards at the 2012 International Business
Awards held in Seoul, South Korea.

NXP SEMICONDUCTORS —Has received two
SESAMES Awards recognizing technical

innovation in the smart-card and identifica-
tion industry.

E-CYCLE LLC—Co-Founder and President
ToNIA IRON has received two Gold Stevie
Awards, which were presented as part of the
2012 Stevie Awards for Women in Business
in New York, NY.
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VERY LOW BISTORTION

MIXERS

+36dBmIP3 2103100 MHz 9.

Mini-Circuits shielded LAVI frequency mixers deliver the breakthrough combination of very high

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

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

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

Check these LAVI Mixer outstanding features!

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

(9 RoHS compliant U.S. Patent Number 6,807,407

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

- L] - - ®
[JMini-Circuits
1SO 9001 ISO 14001 AS9100
~ P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

-6
Mz The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see minici

U.S. Patents
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News

LOCKHEED MARTIN—Following the out-
come of an ethics investigation, the
company’s board of directors has asked
for and received the resignation of Vice
Chairman, President, and Chief Operating
Officer CHRISTOPHER E. KUBASIK, effec-
tive immediately. Kubasik was previously

slated to become Chief
Executive Officer in Janu-
ary. MARILLYN A. HEWSON
has been named President,
Chief Operating Officer,
and a Director, also effec-
tive immediately. She will become Chief

QuickSyn®

A CLEAN, FAST, AFFORDABLE

FREQUENCY SYNTHESIZER IN A HANDY PACKAGE

> Wide frequency coverage

>Fundamental output w/sub-Hz resolution
>Instrument-grade spectral purity

>Power leveling and control
>Multiple modulation options

' Phase Matrix, Inc:

A National Instruments Company
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109 Bonaventura Drive
San Jose CA 95134

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

Executive Officer and President effective
January 1. Hewson will retain her cur-
rent role as Executive Vice
President of the Electronic
Systems business area until
the end of this year.
BRIGHTSTAR~ MICHAEL
WOLEE has joined the com-
pany as Senior Vice Presi-
dent, Chief Information Of-
ficer, and Chief Technology
Officer. Wolfe most recently
served as Senior Vice Presi- kg
dent and Chief Informa- SONEES
tion Officer at Advanced Micro Devices
(AMD). In addition, MICHEL COMBES,
former Chief Executive Officer of Voda-
fone Europe, is the first person named to
Brightstar’s newly formed board of advi-
sors. The company plans to appoint up
to five additional telecommunications-
industry veterans in the coming months.
NGMN ALLIANCE—Has appointed a new
board of directors, which will serve a term
lasting from 2012 to 2014. The new board
members are THIERRY BONHOMME, Ex-
ecutive Vice President of Orange Labs,
Networks, and Carriers, France Telecom;
ENRIQUE BLANCO NADALES, Chief Tech-
nology Officer, Telefonica; JAE-WoAN
ByuN, Chief Technology Officer and
Head of Technology, SK Telekom; SAN-
DRO Dionisi, Head of TI Lab, Telecom
Italia; BRUNO JACOBFEUERBORN, Chief
Technology Officer, Deutsche Telekom;
L1 ZHENGMAO, Executive Vice President,
China Mobile Communications Corp.;
ANDY MACLEOD, Group Chief Networks
Officer, Vodafone Group Services; SEIzo
ONOE, Chief Technical Officer and Execu-
tive Vice President, NTT DOCOMO; Kris
RINNE, Senior Vice President Network
Technologies, AT&T; and BRUCE RODIN,
Vice President Wireless Technology, Bell
Canada Enterprises.

GLOBAL SEMICONDUCTOR ALLIANCE (GSA)—
MATT RHODES has been appointed Chair-
man of the Emerging Com-
pany CEO Council (ECCC).
In addition to this role,
Rhodes currently serves as
Chief Executive Officer of
Semitech Semiconductor.

RHODES
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Low Phase Noise

Contact Factory For Your
Specific Requirement

Ultra Low
Noise Floor

FSA& FCTS - Phase Locked Series
TS Package

- Cost Effective
- Eliminates Noisy Multipliers
- Patent Pending Technology

Applications
Test & Measurement Equipment
High Frequency Network Clocking
Scanning & Radar Systems

High Performance Frequency Converters
Base Station Applications

Agile LO Frequency Synthesis

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

| CONTRACTS |

Hughes—Has been awarded a contract by the US TCS exercises an option on a 2010 contract, has a total
Air Force Military Satellite Communications System Selected As potential value of $35 million.

Directorate. In addition to providing technical GTACS Ceragon—Has announced follow-on orders of more

; Awardee = : :

support, Hughes will develop managementconcepts |~ | than $6.5 million with Mozambique Cellular (mcel)
for protected tactical satellite communications. GENERAL to expand the carrier’s microwave network. Ceragon
TeleCommunication Systems, Inc. (TCS)—Has been DYNAMICS | is extending mcel’s backbone network from Beira in
selected as one of 20 awardees under the Global Scores Army, central Mozambique to Nampula in the north of the
Tactical Advanced Communication Systems and Navy Radio country. It also is upgrading access links nationwide.
Services (GTACS) contract. The contract, which - Deuls | Scintera—The company’s technology is being‘utilized

has an estimated ceiling of $10 billion over five

years, enables Department of Defense (DoD) agencies to
purchase TCS’ deployable satellite systems and associated
support services.

Huawei—Has selected Broadcom’s small-cell baseband-
processor technology for WCDMA small-cell access-point
deployments. Huawei has incorporated Broadcom’s BCM61670
offerings in its ePicoxx small-cell product line.

General Dynamics C4 Systems—Has received an order from
the US Army to deliver new secure radios for the Nett Warrior
program. This initiative provides integrated situational
awareness and mission command for dismounted soldiers.
The order has a maximum potential value of $11 million if all
options are exercised. In addition, the US Navy has ordered
an additional 53 General Dynamics-built AN/USC-61(C) four-
channel digital modular radios (DMRs). This order, which

by SK Telecom (SKT) for its fourth-generation (4G)
Long-Term-Evolution (LTE) network rollout. Specifically,
Scintera’s SC1889 RF Power Amplifier Linearizer (RFPAL) has
been integrated in a 2G/3G/4G quad-band optical repeater and
a 4G dual-band remote radio unit.
Harris Corp.—Has received $7 million in orders to deliver
public-safety and tactical-communications systems to the
US Department of Homeland Security (DHS), the Federal
Emergency Management Agency (FEMA),.and the US Coast
Guard. The orders were awarded through the five-year, $3-billion
DHS Tactical Communications (TacCom) indefinite-delivery/
indefinite-quantity (IDIQ) contract vehicle.
ORBIT Communication Systems—Has received an order from the
Brazilian Air Force (BAF) for its Airborne Digital Management
Systems (ADAMS) offering. This communications system will be
installed onboard the BAF’s P-95 maritime patrol aircraft.

MagnaChip Semiconductor—Has expand-
ed production of Peregrine Semiconduc-
tor's STeP5 UltraCMOS product line. The
STeP5 products are produced at Mag-
naChip’s Cheongju, South Korea facility.
NuSil—Has completed the fourth phase
of expansion at its Bakersfield, CA facility.
The newest building—NusSil's fourth on
the 15-acre campus—is part of a multi-
year plan to expand to seven buildings.
RFMW—Is now offering sales and techni-
cal support for Florida RF Labs’ SXU series
of RF power samplers.

Agilent Technologies—Has equipped a
newly opened terahertz measurement
laboratory at the University of Leeds
(Leeds, England). The lab was established
in memory of Roger Pollard, the university's
former Dean of Engineering. In addition,
Agilent recently equipped a laboratory at
Bangor University’s School of Electronic
Engineering (Bangor, Wales).

Qualcomm Life—Has expanded its wire-
less healthcare services to Europe. The
2net Platform and Hub are each certified
as Class | Medical Devices in Europe.

26

TeleCommunication Systems, Inc. (TCS)—
Has opened a new sales office in Johan-
nesburg, South Africa. This office will be
the focal point of the company’s market-
ing and sales activities throughout the
African continent.

Lockheed Martin—Has acquired un-
manned systems integrator Chandler/
May, Inc. The company will become part
of Lockheed Martin’s Mission Systems &
Sensors (MS2) business.

Micross Components—Has reached a
distribution agreement with Aeroflex/
Metelics Hi-Rel Components. The agree-
ment authorizes Micross Components

to promote, sell, and support Aeroflex/
Metelics' bare-die diode and transistor
product lines.

Pasternack Enterprises—Has appointed
Altaix Electronica, S.A. as its exclusive
RF distributor for Spain and Portugal.
Pasternack'’s full catalog is now available
through Altaix.

MDA—Has completed its acquisition of
Space Systems/Loral (SS/L) from Loral
Space & Communications, which received

in excess of $1 billion at closing.

Laird Technologies—Has signed a distribu-
tion agreement with Avnet Abacus for its
electromagnetic-interference (EMI) and
thermal-management product lines. With
this agreement, Avnet Abacus customers
in Austria, Germany, and Switzerland will . .
have access to Laird offerings. ‘
Richardson RFPD—The company’s Small
Cell (Femto, Micro, Pico) New Product
Selector Guide is now available. It can

be accessed through the Richardson

RFPD website.

Anritsu—Has opened a Bangalore-based
Indian subsidiary, which includes market-
ing, sales, engineering, services, and sup-
port staff. The company also plans to offer
a branch-office operation in Noida within
this fiscal year. In addition, Anritsu was a
sponsor of the third-annual Disaster Man-
agement Initiative (DMI), held November
4-5 at Carnegie Mellon University. There,
Senior Product Manager David Witkowski
led a session focusing on digital radio
technologies for public safety, govern-
ment, and infrastructure users.
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40 GHz
Low Loss and
Phase Stable

Precision

poW
PRECISION TEST

mb’ es DC 1040 GHz! o

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

6895

Model Family Freg. Connectors LengthsJr Temp
(GHz) (male) (ft) EG)
Performance Test (CBL) DC-18 SMAE,N  1.6-25 -55/+105
Quick Lock (QBL) DC-18 SMA 1.0-6.6 -55/+105
Armored (APC) DC-18 N 6.0-15 -55/+105
Low Loss (KBL-xx-LOW) DC-40 2.92 1.5-6.6 -55/+85
Phase Stable (KBL-xx-PHS) DC-40 2.92 1.5-6.6 -55/+85

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

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

Full solder wick protected by stainless collar
and three different layers of strain relief.

Flex Test™ setup shows triple
strain relief, effective through
20,000 flex cycles for all models.

Jacket

Braid

" Armor

“ Outer Shield

Interlayer Shield

Dielectric

inner Shield

inner Conductor

Armored Test Cables: rugged, triple
shielded construction, flexible enough
to pass 20,000+ Flex-Test cycles.

40 GHz cables compatible
with SMA, K@,
2.9 & 3.5 connectors.

See minicircuits.com for cable lengths, specifications, performance data, and surprisingly low prices!

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

Model
( with heat sink/fan*)

LZY-22+
ZHL-5W-1

® ZHL-100W-GAN+
® ZHL-50W-52

they’re all in stock, whether with a heat sink/fan (for design ® ZHL-100W-52

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

LZY-1+

® ZHL-20W-13+
® ZHL-20W-13SW+

LZY-2+

new features like TTL-controlled RF output. Place an order  gw ZHL-100W-13+

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!

1SO 9001

=P,

éﬁa‘.'vlz The Design Engin
U.S. Patents

7739260, 7761442

eers Sea

ZHL-6W-2G+
ZHL-10W-2G
ZHL-30W-252+
ZHL-30W-262+
ZHL-16W-43+
ZVE-3W-83+
ZVE-3W-183+

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

PLIFIER

¥0¥ 100 kHz t0 18 GHz

Frequency

(MHz)

0.1-200
5-500
20-500
50-500
50-500
20-512
20-1000
20-1000
500-1000
800-1000
800-2000
800-2000
700-2500
2300-2550
1800-4000
2000-8000
5900-18000

Gain

(dB)
43
44
42
50
50

36
35

%

Pout @ Comp. $ Price (Qty. 1-9)
1dB 3dB with  without*
W) (W) heat sink  heat sink
16 32 1495 1470
8 11 995 970
F9. 100 2395 2320
40 63 1395 1320
63 79 1995 1920
37 50 1996 18956
13 20 1396 1320
13 20 1445 1370
32 38 1996 1895
79" A0 2195 2095
5 6 995 945
10 13 1295 1220
25 40 2995 2920
20 32 1995 1920
13 16 1595 1545
2 3 1295 1220
2 3 1295 1220

*To order without heat sink, add X suffix to model number (example: [ ZY-22X+).
® Protected under U.S. Patent 7,348,854

- [IMini-Circuits

1ISO 14001 AS9100

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

AMPLIFIERS

up to +27 aBm output... 0.1t021GHZz

Ultra wide coverage and super flat gain make our ZVA family ideal
for ECM, instrumentation, and test systems. With an output power
up to 0.5 Watts, they’re simply some of the most usable amplifiers
you'll find, for a wide range of applications and architectures!

All of our ZVA models are unconditionally stable, ruggedly
constructed, and able to withstand open or short circuits at full
output. For more details, from data sheets to environmental ratings,

w 4.

Electrical Specifications (-55 to +85°C base plate temperature)
Model Frequency Gain P1dB IP3 NF  Price $ *

NEW (GHz) (dB) (dBm) (dBm) (dB) (Qty.1-9)

ZVA-183WX+ 0.1-18 28«3 27 35 4.0  1345.00
ZVA-183X+ 0.7-18  26+1 24 33 3.0 845.00
ZVA-213X+ 0.8-21 25+2 24 33 3.0 945.00

* Heat sink must be provided to limit base plate temperature.To order
with heat sink, remove “X” from model number and add $50 to price.

Wideband Performance

pricing, and real-time availability, just go to minicircuits.com!
All models IN STOCK! (Y RoHS compliant

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

VICE PRESIDENT OF MOBILE DEVICES,

TRIQUINT SEMICONDUCTOR

Interview by NANCY FRIEDRICH

NE: Cellular phones have gotten much “smarter.” For all this
power and convenience, RF/microwave frequencies (such
as those used in WCDMA and LTE systems) must be kept
separated within compact handsets. What type of filtering
technologies does this require?

TD: As fourth-generation (4G)/Long Term Evolution (LTE)
networks deploy, the number of RF bands within each de-
vice is increasing significantly. At the same time, the global
demand for more spectrum is leading governments around
the world to re-farm existing spectrum and allocate new
bandwidth for wireless services within a crowded landscape.
Robust filter technology is critical to mitigate potential
interference issues. While surface-acoustic-wave (SAW) filter
technology is widely used for band frequencies up to about
1.9 GHz, higher frequencies are better served by advanced
bulk-acoustic-wave (BAW) and temperature-compensated-
SAW (TC-SAW) technologies.

NF: As smartphones increasingly support WiFi, what de-
mands are placed on filtering technologies?

TD: LTE bands are commonly located next to the unlicensed,
international, industrial, scientific, and medical (ISM) bands
between 2.4 and 2.5 GHz. These bands are used worldwide

for WiFi and Bluetooth signals—often with very narrow guard
bands. As WiFi becomes ubiquitous and new wireless spectrum
is allocated for commercial applications, interference issues
multiply. To address this, design engineers are turning to high-
performance LTE/WiFi coexistence filters. They have steep
skirts that roll off quickly for frequency rejection coupled with
low insertion loss.

NEF: Because of the multiple frequency bands being processed
within such small circuits, do you see increased opportunities
for combination filters or duplexers in smartphone designs?

30

TD: TriQuint organizes filters in various combinations. These
range from duplexer banks that consolidate several filters into
a single module [thus reducing printed-circuit-board (PCB)
space] to two-in-one duplexers that permit the use of two-
receiver operation simultaneously and independently. For
wideband TD-LTE filter applications, it’s conceivable that two
or more bands could be accommodated in one device, which
would eliminate the need for a separate filter.

NF: TriQuint offers extensive lines of BAW and SAW filter
products. How do your filter technologies differ in their
capabilities and how do they match up to different frequency

December 2012 | Microwaves&RF



bands within a smartphone?

TD: SAW filters are well suited for
frequencies through 1.9 GHz, such as
standard GSM, CDMA, and third-gener-
ation (3G) bands—with the exception of
the US-PCS band (Band 2). Some new 3G
and 4G WCDMA duplexers and filters are
best served by TC-SAW, which reduces
temperature drift for more challenging
specifications. For example, TriQuint
uses TC-SAW to support Band 13, Band
20, and Band 26 duplexers.

BAW is ideal for many of the new LTE
bands above 1.9 GHz, delivering superior
performance with lower insertion loss,
steeper slopes, and excellent rejection.
BAW excels in applications where the
uplink and downlink separation is mini-
mal and when attenuation is required in
tightly packed adjacent bands. TriQuint’s
BAW advantages are instrumental in
serving the following bands: Band 25,
Band 3, Band 7, Band 38, Band 40, and
Band 41 LTE filters.

NF: For these emerging smartphone
applications, which architectures make
the most sense for designers?

TD: Designers select the best architecture
to meet a specific set of requirements.
For a low-band-count phone with more
board space, some designers may like
the flexibility of a discrete approach. For
a high-end smartphone, they often opt
for an integrated RF front end that allows
them to squeeze in more bands and

offer feature-rich content. LTE filters are
more likely to be discrete because they're
relatively new. Designers simply add LTE
“satellite” components to existing layouts
to offer regional 4G variants.

NF: Because TriQuint offers many other
components for a communications
device, is the company increasingly
combining component functions (such
as amplifiers, attenuators, and filters)?
TD: Yes, we've been selling hundreds

of millions of multifunction units in
different combinations. Increasing RF
complexity is driving the trend toward
integrated solutions. One approach

for multi-band devices is an integrated
module that combines power amplifiers
with duplexers (PADs) in single-, dual-,
and multi-band configurations. This op-

Microwaves&RF | visit www.mwrf.com

timizes performance along the transmit
path while reducing the amount of PCB
space required. TriQuint has powered
the world’s top smartphones with over
a half billion PADs. Our integration-
enabling technologies like CuFlip shrink
size, improve performance, and reduce
cost. We're also adding wafer-level
packaging (WLP), which offers signifi-
cant advances in miniaturization and
reduced height compared to traditional
chip-scale packages.

News

ers offer tablets, but they don’t report to
us the breakdown between phone and
tablet models. Although tablet shipments
are increasing steadily, they represent a
much smaller percentage of the overall
mobile-device market. Tablets contain
WiFi but, so far, only a portion includes
the cellular option.

NF: For customers who have a par-
ticularly difficult requirement, will
you share some of your in-house filter
models so that they can perform soft-

Another integrated ware simulations—at the
approach for RF design is circuit or system level—
the multi-mode, multi- to better understand the
band power amplifier impact of your filters on
(MMPA), which gives their designs prior to
OEMs more PCB room for fabrication?
richer feature sets while TD: We collaborate close-
minimizing engineering ly with customers as they
time and resources. Strat- develop their next-gener-
egy Analytics predicts the == "‘ ation products. As trusted
market for MMPAs will b - i partners, we provide
reach more than $700 DBCIdIng Wh|Ch f[ lter technical information,
million in 2016. T such as S-parameters and
NF: What are the most te Chn0logy IS “ght other data, to help them
challenging .perfor- for a parti cuiar hand iI.nplem-ent their soft.ware
mance requirements for simulations and design
filters used in LTE hand- |s usually a halan_ our products into their
sets? What tradeoffs are i systems.
involved in achieving cing act between NF: Does TriQuint
the required perfor- . provide testing services
mance levels? perfgrmance' Size, to help these cellular-
TD: Deciding which filter 3 nd COSt. device customers evalu-

technology is right for a

particular band is usually SRR
a balancing act between performance,
size, and cost. Some LTE bands require
higher-performance filters with lower

insertion loss for improved signal recep-
tion and longer battery life. BAW filters
deliver the lowest loss, which helps
compensate for the higher losses associ-
ated with combining multiple bands in a
smartphone. Featuring steep filter skirts
and superior out-of-band rejection, BAW
filters also provide higher isolation for
better receive sensitivity, higher attenua-
tion to cope with increased band coexis-
tence, and higher linearity to handle LTE
modulation.

NF: What percentage of your filters is
used in tablets?

TD: Many of our smartphone custom-

ate the performance of

new filters? If so, are
those services available at circuit and
system levels?
TD: We provide customers with excellent
applications support—including on-site
support and recommendations for layout
options and optimizing matching solu-
tions—to help them meet their perfor-
mance targets. Our field application
engineers provide all of the data required
to use different filters, as well as detailed
application notes for each device.
NF: How do customers work with you to
define these tests?
TD: We collaborate very closely to com-
pare bench set-ups and often provide
detailed specifications that they incorpo-
rate into their test programs and calibra-
tion routines. MWRF
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RFID STENT TAG Senses Vessel's State

F-IDENTIFICATION (RFID) TECH-
NOLOGY has the potential to provide

. ormation beyond logistics, such

as a physical state and its time-evolution.
Essentially, the tag may act as a self-sensing
device, thanks to the dependence of its input
impedance and radar cross section (RCS)

on the physical and geometrical features

of the tagged object or—in general—the
close surrounding environment. Among the
advantages to this approach is that it does
not require any specific embedded sensor or
local power supply. At Italy’s DISP-University
of Roma Tor Vergata, a team of research-

ers has extended this idea to implanted
antennas. The team’s goal was to sense the
evolution of a physiological and pathological
process involving a local change of effective
permittivity inside the body.

The researchers—Cecilia Occhiuzzi, Gior-
dano Contri, and Gaetano Marrocco—used
an ad-hoc design methodology. With the
self-sensing tag, there is no decoupling from
the operative and structural point of view

-

-600-W, C-BAND GaAs SSPA Rivals TWTAs

W has been designed by Ha
Trong Than, George W. Sun,
Blythe C. Deckman, Michael
P. Delisio, Younkyu Chung,
M.E. Moya, N.T. Schultz, G.S.
Cuellar, and Jiyang Zeng.
The team implemented
a two-deck approach to im-
prove heat dissipation and re- | change to compensate
liability. Because deck-ampli-
stations are redundant, there | fier architectures use spatial

. band uplink signal,
commercial satellite
broadcasters usually use
traveling-wave-tube ampli-
fiers (TWTASs). Yet some of
these uplink terminals may
be just as well served by a
solid-state power amplifier
(SSPA). Because broadcast

may be a redundant ampli-
fier standing by for every
transmitting amplifier. SSPAs
require very little warm-

up time, which means the
redundant station’s standby
amplifier can be held in a

mode until it is needed. At
Wavestream Corp. (www.
wavestream.com), a C-band
amplifier boasting saturated
output power beyond 600

32

power combining, the team
combined the output power
of 16 internally matched,
45-W gallium-arsenide (GaAs)
field-effect transistors (FETs).
Each FET had rated output
power of 45 W with small-
reduced-power-consumption | signal gain of 9 dB.

This 24-x-19-x-8.75-in.
unit features pre-amplifica-
tion and driver amplification
stages and a level-control
variable attenuator. A pre-

between the antenna and sensor. In other
words, the antenna functions as the sensor
and vice versa. As a result, the system’s
sensitivity and dynamic range are strictly
connected to the antenna’s features—espe-
cially its quality factor and bandwidth. Due
to their high water content, however, human
tissues are characterized by high permittivity
and significant losses. Thus, even with a large
bandwidth, the implanted tag will exhibit
typically poor sensitivity to the change of the
local environment.

The team found that sensing perfor-
mance could be improved with various
degrees of freedom, such as the shape of
the antenna. The researchers focused on a
realistic medical case in which an endovas-
cular device is modified, thereby achieving a
STENTag that can sense the state of the ves-
sel wherein that device has been implanted.
See “Design of Implanted RFID Tags for
Passive Sensing of Human Body: The STEN-
Tag,” IEEE Transactions On Antennas And
Propagation, July 2012, p. 3146.

distortion linearizer splits the
signal into two paths. One
path contains a nonlinear
saturating element. By re-
combining these signals with
proper phasing, the team

is able to achieve enough
gain expansion and phase

for the PA's saturation. By
performing power combin-
ing on two 600-W amplifiers
with a magic-T waveguide
combiner, the researchers
created a solid-state ampli-
fier with 1.4 kW of saturated
C-band output power. See
“Design and Performance of
a 600-W C-Band Amplifier
Using Spatially Combined
GaAs FETs for Satellite Com-
munications,” IEEE Journal
Of Solid-State Circuits, Oct.
2012, p. 2309.

Terahertz Imaging
System Uses
BWO As Source

anumber of materials while
generating images with high
spatial resolution. A number
of these terahertz imaging
solutions rely on continuous-
wave radiation sources like
a backward-wave oscillator
(BWO). BWOs offer high output
power, good wave-front quality,
working-wavelength tunability,
and a high signal-to-noise ratio.
At China’s Southeast University,
a continuous-wave (CW) tera-
hertz imaging system using a
BWO as source, a Golay-Cell as
a detector, and an oscilloscope
as a data-acquisition unit has
been developed by Gang Chen,
Jie Pei, Fei Yang, Xiao Yang
Zhou, Z.L. Sun, and Tie Jun Cui.
The system’s software, which
is based on the oscilloscope, is
designed to control object move-
ment as well as the capture and
display of continuous terahertz-
wave image data. To show
the system’s validity at room
temperature, the team tested
the imaging of different objects
at 450 and 890 GHz. The system
was affected by humidity, thick-
ness, and material properties.
In addition, imaging resolution
was discovered to be better as in-
cident frequency increased. The
translation step also impacted
imaging, showing that the ap-
propriate frequency and transla-
tion step must be chosen to meet
practical imaging requirements.
See “Terahertz-Wave Imaging
System Based On Backward
Wave Oscillator,” IEEE Transac-
tions On Terahertz Science And
Technology, Sept. 2012, p. 504.

UCH RESEARCH HAS
shown that terahertz
waves can penetrate
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NEW:

Ultra Low Profile

LIMITERS

Block High Level RF Interference ...
Protect Your Low Noise Receivers.

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

Highly Repeatable
Electrical Performance

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

Easy Solder Inspection

0MHz108.2GHz Pu2W  rom® 1992, 0.

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

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

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

- ] L] - ®
4 Mini-Circuits
ISO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
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M.},‘q’lz The Design Engineers Search Engine finds the model you need, Instantly - For detailed performance specs & shopping online see mlnioiﬁgw
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EuMW Amsterdam Delivers On New Technology

EUROPEAN EDITORS SALLY WARD-FOXTON AND PAUL WHYTOCK REPORT THEIR FINDINGS FROM

THE 15TH ANNUAL EUROPEAN MICROWAVE WEEK.

TAGED IN AMSTERDAM, the “Venice” of northern Europe,

European Microwave Week 2012 (EuMW) was a small show

occupying just one section of the RAI Congress Centre.
Yet the show’s small size belied the amount of activity at this key
industry event. Every fall, numerous microwave and RF companies
choose the event as the launchpad for their new products and
technologies. Though there are no prizes for the most new tech-
nology announcements, such an award would be hotly contested
within an industry event that featured new products ranging from
components and devices—from gallium-nitride
(GaN) productsto the latest in testand measure-
ment instruments.

Over the past couple of years, the emer-
gence of GaN-based products at EuMW has
steadily escalated. This trend is not surprising,
considering GaN'’s well-recognized advantag-
es compared to other high-frequency device
technologies. Among those advantages are
high breakdown voltage, wide bandgap, high
thermal conductivity, and high current den-
sity. Yet the high cost of GaN technology has
always been a concern. While this may have

and satellite-communication (satcom) applications. Featuring
very good phase-noise performance, the ADF55xx VCO series
covers 3.5 to 13.9 GHz with a broad frequency-tuning range.

Amsterdam also was the venue chosen by AMCAD Engineer-
ing (www.amcad.com) to announce an upgrade of its pulsed-
current-voltage (PIV) semiconductor-device measurement sys-
tem for the next generation of high-voltage fast-switching (HVES)
transistors. New HVFS transistor technology, such as enhanced-
mode GaN FET and silicon-carbide (SiC) MOSFET devices, offers
switching frequencies that can be up to
10 times higher than previous solutions.
As a result, electronic designers can use
these new devices at lower duty cycles.
Previously, no efficient testing solutions
existed to characterize these new de-
vices, which can provide simultaneously
high-voltage signals and short-pulse/
fast-switching capabilities.

Base stations are the focus of two 5-V
in-phase/quadrature (I/Q) devices from
NXP Semiconductors (www.nxp.com).
The BGX7100 and BGX7101 devices

been true during the early years of GaN prod-
ucts, newer GaN-based products are benefit-
ting from significant cost reductions, thanks to
the development of CMOS-compatible GaN-
on-silicon processes.

1. Dr. James Truchard (“Dr. T"), National
Instruments’ Co-Founder and CEO, dis-

cusses the finer points of the company'’s
PXle-5667 with Microwaves & RF's Sally
Ward-Foxton and Paul Whytock at Euro-

operate between 400 MHz and 4 GHz.
The main difference between the two
I/Q modulators is output power: 0 dBm
for model BGX7100HN and +4 dBm for
model BGX7101HN, providing solutions

GaN transistors were among the dozen
offerings introduced by TriQuint Semi-
conductor (www.triquint.com). According to the company,
those transistors exhibit product specifications that will allow
RF designersto cut the space devoted to RF signal amplification by
up to 50%. Also shown was a device dubbed the “Diplexer” mod-
ule. It combines multiple filter functions inside a 5-x-5-mm mod-
ule. “This is quick-time custom manufacturing, so the customer
calls up the factory, picks the filters they want in the module, and
we turn these out as if it was a standard product,” explains Mark
Andrews, TriQuint Semiconductor’s Strategic Marketing Com-
munications Manager, Infrastructure & Defense Products.

Analog Devices (www.analog.com) used EuMW to introduce
a family of microwave integrated circuits (ICs)—the ADF55xx se-
ries voltage-controlled oscillators (VCOs). They target point-to-
point (PtP) communications, instrumentation/test equipment,

34

pean Microwave Week 2012.

for infrastructure cell sizes from small
to macrocells.

Along with high dynamic range and low noise floor, the devic-
es boast monotonic output third-order intercept behavior versus
frequency. They also stand out for their performance in the low-
est unadjusted carrier feed through (-50 dBm feedthrough at -7
dBm output power at 1960 MHz) and in the highest unadjusted
sideband suppression in the market (-45 dBc at -7 dBm output
power at 1960 MHz). With fast on/off switching, the BGX710x se-
ries modulators can shift from power-saving mode to full-perfor-
mance and stable operation within 1 ms.

At the 2012 EuMW, National Instruments (www.ni.com)
launched its PXIe-5667 spectrum-monitoring receiver (Fig. 1).
This receiver, available in 3.6- and 7.0-GHz versions, was de-
signed for over-the-air RF measurements. Matthew Friedman,
NI's Senior Product Manager for Automated Test, explained that

December 2012 | Microwaves&RF



2. The N9077A-4FP option for the PXA,
MXA, and EXA signal analyzers supports
the noncontiguous channel SEM of 80+80
MHz in IEEE 802.11ac.

the PXIe-5667 allows users to perform
real-time signal analysis—such as con-
tinuous spectrum monitoring, spectro-
gram, and advanced signal processing—
when coupled with NI FlexRIO and the NI
LabVIEW field-programmable-gate-array
(FPGA) module.

The PXIe-5667 features dynamic range
beyond 110 dB and distortion perfor-
mance with a third-order-intercept (TOI)
point of greater than +17 dBm. It covers 20
Hz to 7 GHz with up to 50 MHz real-time
bandwidth and scan rates to 30 GHz/s.

Also on display was new software from
Agilent Technologies (www.agilent.com)
for its X-Series signal analyzers, which
expands wireless-local-area-networking
(WLAN) support to include the emerging
IEEE 802.11ac standard. In fact, one-but-
ton IEEE 802.11ac testing is now included
in the N9077A WLAN measurement appli-
cation with a new option, 4FP. When com-
bined with the PXA signal analyzer (the
high-end model in the X-Series), for ex-
ample, option 4FP enables measurement
of the full bandwidth of IEEE 802.11ac sig-
nals for bandwidths from 20 to 160 MHz
and 80+80 MHz (Fig. 2).

Also showing its microwave wares was
Anritsu (www.anritsu.com), with new ca-
pabilities for its ME7838A vector-network-
analyzer (VNA) test system. For example,
that system now includes four-port test
solutions and 500-GHz extensions. An-
ritsu also demonstrated the 125-GHz
noise-figure measurement capability of
the MS4640A VNA.

Meanwhile, Rohde & Schwarz (www.
rohde-schwarz.com) debuted a new mi-
crowave signal and spectrum analyzer,
the FSW43. While it is designed for appli-
cations to 43.5 GHz, external harmonic
mixers can extend the analyzer’s frequen-

Microwaves&RF | visit www.mwrf.com

cy range to 110 GHz. External mixers take
advantage of the analyzer’s high second
intermediate frequency (IF) of 1.3 GHz,
providing an image-free range of 2.6 GHz
for wideband signals. The instrument can
perform spectral measurements including
on WLAN signals in the 60-GHz band and

IEEE 802.11ad signals. With the preampli-
fier switched on, this analyzer’s average
noise level is just —164 dBm. With a phase
noise of -117 dBc/Hz offset 10 kHz from
a 40-GHz carrier, the FSW43 allows high-
sensitivity measurements even close to
the carrier. MWRF
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Standards Set Limits

Wireless technology is reaching well beyond cellular
telephones and wireless data networks, improving
the quality of applications in industrial, medical,
and automotive areas.

For Wireless
Applications

. TRELESS @ TECHNOLOGY
4-, APPEARS everywhere, used
= in applications from the
simplest sensors to the most
sophisticated communications systems.
The frequencies for these different ap-
plications are not random, of course, but
governed by different standards organi-
zations to minimize overlap and interfer-
ence as much as possible. Many wireless
standards have been created over the
years to establish guidelines for the dif-
ferent uses and applications of wireless
technology. In spite of the large following
for such applications as personal com-
munications systems (PCS)—such as cel-
lular telephones and wireless local area
networks (WLANs)—wireless technolo-
gies and their standards are still growing
at a healthy rate, expanding into applica-
tion areas that include automotive, in-
dustrial, and medical electronic systems.

Communications among cellular net-
work users may still represent the largest
single application for wireless technolo-
gy, but wireless links between machines,
or machine-to-machine (M2M) com-
munications, may be gaining ground.
The IEEE'’s group of 1609 standards are
being developed for automotive wireless
applications at 5.9 GHz. The standards
define the architecture, communications
model, management structure, security
mechanisms, and physical access for ap-
plications related to wireless access in ve-
hicular environments (WAVE).

These communications networks in-
clude on-board units (OBUs) and road-
side units (RSUs). Different sections of
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Earlier this year, three cars equipped with eCall systems crossed a finish line in

Brussels as part of a trial of the eCall system. The event, attended by major players

involved in the development of the eCall system, demonstrated that it works successfully
throughout Europe. [Photo courtesy of NXP Semiconductors (www.nxp.com).]

the IEEE 1609 standard refer to network
management (1609.1), security protocols
(1609.2), network layer protocol (1609.3),
and extensions to IEEE 802.11 (such
as IEEE 802.11p for automotive wire-
less networking) for physical channel
access (1609.4).

The IEEE 1609 channel plan supports
10-MHz channels from 5.850 to 5.925
GHz for short- to medium-range com-
munications (e.g., for roadside-to-vehicle
and vehicle-to-vehicle communications).
Wireless technology in automobiles en-
ables a number of different applications,
such as navigation, remote diagnostics,
in-vehicle Internet access, emergency
communications, and even stolen vehicle
tracking and recovery.

In Europe, the European Union (EU)
is promoting an application known as

eCall in their attempts to create a loca-
tion-enhanced emergency response net-
work based on the standard European
emergency telephone number: 112. The
eCall system blends the features of an in-
vehicle system (IVS) with wireless con-
nectivity and Global Positioning System
(GPS) location capability with the Eu-
ropean Public safety Answering Points
(PSAPs) infrastructure to help minimize
the response time following a traffic acci-
dent. If an IVS device detects an accident
it calls a PSAP station, transmits vehicle
data and location information, and es-
tablishes a voice communications con-
nection. The EU is hoping that eCall will
cut the number of highway fatalities in EU
countries in half by 2014 (see figure). In
the United States, similar solutions such
as OnStar (www.onstar.com) should
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WIRELESS STANDARDS

help improve traffic safety.

Growth of wireless technologies will
see more electronic devices fueled by
multiple wireless standards. Near-field
communications (NFC) capability, for
example, is being added to many newer
cellular telephones. It enables NFC-
equipped devices to communicate at
low data rates (to 424 kb/s) by touch or
over a short distance (less than 0.2 m)
using point-to-point communications at
13.56 MHz.

NFC, which is based on radio-fre-
quency-identification (RFID) commu-
nications standards including ISO/IEC
1444, is promoted by the NFC Forum
(www.nfc-forum.org), a non-profit in-
dustry association with more than 170
member companies worldwide. The NFC
Forum recently approved a new analog
technical specification, which is available
for free download from its website. The
specification details a common radio in-
terface for NFC integrated circuits (ICs).

Along with applications in automotive
systems and personal communications,
including in WLAN applications, wire-
less technologies will continue to expand
in medical and industrial applications.
IEEE 802.11b and IEEE 802.11g WLAN
technologies have long been popular for
wireless medical applications, as has tra-
ditional Bluetooth technology from 2.4 to
2.5 GHz for medical devices such as wear-
able electrocardiograph (ECG) monitors.

In addition, a newer form of Blue-
tooth, Version 4.0 for low-power applica-
tions, is emerging as a good fit for medical
applications. It employs lower duty cycles
than standard Bluetooth for lower overall
power consumption, using duty cycles on
the order of 0.25%. It shares the 128-b en-
cryption and frequency-hopping charac-
teristics of standard Bluetooth, and offers
a communications range of about 160 ft
(50 m), but draws only microamperes
of current and can power sensors for
extremely long time periods on battery
power. Low-power Bluetooth also trades
off data-rate performance due to its lower
power consumption, with capability to
about 200 kb/s compared to 1 to 3 Mb/s
for standard Bluetooth.
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When high-speed data is a require-
ment, the IEEE 802.1lac version of
WLAN brings a number of improve-
ments to a successful wireless technol-
ogy to boost performance. In contrast
to older WLAN versions of IEEE 802.11,
such as IEEE 802.11b in the 2.4-GHz
band, IEEE 802.11ac is a gigabit WLAN
version designed for use in the 5-GHz
ISM band. It makes use of 160-MHz
channel bandwidths; high-level modu-
lation [to 256-state quadrature ampli-
tude modulation (256QAM)]; and ad-
vanced multiple-input, multiple-output
(MIMO) antenna schemes, with as many
as 8 x 8 MIMO spatial streams to achieve
single data streams to 500 Mb/s and

Communications among
cellular network users
may represent the largest
single wireless application,
but M2M appears to be
gaining ground.

multiuser speeds of better than 1 Gb/s.

Perhaps the fastest-growing use of
wireless technology will occur in industri-
al environments, as part of process moni-
toring and factory automation. Wireless
technologies such as the ISA100.1la
standard developed by the International
Society of Automation (ISA; www.isa.org)
and the WirelessHART (www.hartcomm.
org) standard—based on the highway
addressable remote transducer protocol
(HART) architecture—both use the 2.4-
GHz ISM band and 802.15.4 WLAN stan-
dard radio technology for such applica-
tions as sensor monitoring.

Both standards are designed to coexist
with many other wireless standards in the
industrial workplace, including cellular
telephones and WLANSs. ISA-100.11a was
developed to provide reliable and secure
wireless operation for noncritical moni-
toring and control applications where
latencies on the order of 100 ms can be

tolerated. WirelessHART, which is based
on the Release 7.0 of the HART protocol,
features integrated security and targets
rotating equipment, such as kiln dryers,
as well as environmental health and safe-
ty applications like condition monitoring.

Another low-power wireless standard,
WAVE2M (www.wave2m.com), is a two-
way radio technology developed for such
applications as automated meter reading
and building automation. Developed by
the WAVE2M Community, an interna-
tional nonprofit standard development
organization, this low-power, low-data-
rate technology is well suited for indus-
trial and medical applications.

Based on license-free ISM bands in-
cluding 868 MHz in Europe, 915 MHz in
the United States, and 433 MHz in Asia,
WAVE2M typically operates at low data
rates of 38.4 kb/s or less using automatic
frequency control, programmable output
power, automatic sensitivity control, and
adaptive frequency hopping. WAVE2M
networks are not limited in size, but can
be as large as several hundred devices.
With WAVE2M, wireless monitoring can
be performed from fixed access points
and/or from portable or mobile devices.

Of course, the expansion of wireless
technology is not limited to these “lower
frequency” bands. Unlicensed bands
exist into the millimeter-wave frequen-
cies; the bandwidth available at 60 GHz,
for example, has attracted a number of
hardware suppliers to pursue millime-
ter-wave solutions for high-speed Giga-
bit Ethernet systems and point-to-point
links. A total of 7 GHz (from 57 to 64 GHz)
has been allocated by the United States’
Federal Communications Commission
(FCC) for wunlicensed, unchannelized
point-to-point use at high data rates, with
frequencies from 59 to 66 GHz available
for unlicensed use in Japan.

The narrow beamwidths of signals
at those frequencies allow for several
antennas to be collocated without in-
terference and with fairly good security.
As the expansion of wireless applica-
tions has shown, the need for wireless
solutions knows no limit on frequency
or data rates. MWRF
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RF Essentials

JACK BROWNE | Technical Contributor

Managing Phase Noise

INn Microwave

Sources

> HASENOISE HAUNTS every high-
~_ frequency signal source at some
" level. Though it can be minimized
through attention to careful de-
sign practices and use of good materials, it
cannot be eliminated. Phase noise is basi-
cally the short-term, random fluctuations
of frequency in a signal source, such as an
oscillator, frequency synthesizer, or test
signal generator. Because some amount
of phase noise is inevitable in a high-
frequency source, it may be helpful to
reach some understanding on what levels
might be considered acceptable, and what
the effects of phase noise on a system are if
those levels are too high.

An ideal RF/microwave signal source
such as a transistor oscillator would gen-
erate an output signal with no fluctua-
tions in frequency or phase, and no noise
at the output. If tuned to a particular
frequency, the source would remain at

Phase noise is an inevitable consequence
of producing RF/microwave signals,

although its sources can be both
understood and controlled.

that frequency over time, without drift or
other variations. Unfortunately, not only
will it drift in frequency over long periods
of time, but it will also suffer short-term
variations in frequency—what we know
as phase noise.

If an oscillator’s output signal is vi-
sualized as the amplitude peak of a sine
wave, both lower and upper sidebands of
the signal contain noise. A source’s phase
noise can be characterized for one or both
sidebands as single-sideband (SSB) or
double-sideband (DSB) phase noise, re-
spectively. Nonetheless, most commercial
oscillators, signal generators, and other
high-frequency signal sources are speci-
fied and compared according to their SSB
phase noise, which can be represented on
a diagram showing the peak amplitude
and the measurement bandwidth for the
noise at some offset distance from the car-
rier. As the shape of the carrier plot shows

Amplitude

Scff) = P/ Pssp

fo Frequency

1. This diagram illustrates the carrier portion of a sine wave and the definition of single-

sideband (SSB) phase noise referenced to a 1-Hz measurement bandwidth. [Diagram

courtesy of Mini-Circuits (www.minicircuits.com).]
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(Fig. 1), the phase noise will decrease as
the offset from the carrier increases.

In this plot of phase noise, borrowed
from the application note from Mini-
Circuits (www.minicircuits.com), “VCO
Phase Noise,” P, represents the signal or
carrier power; Py, is the single-sideband
power in a 1-Hz bandwidth at some offset
distance from the carrier; f; is the carrier
center frequency; and S.(f) is the phase
noise or power density in one sideband
per Hz of bandwidth at an offset frequen-
cy, f, from the carrier. As this plot shows,
the phase noise is basically the ratio of
the noise power in a 1-Hz bandwidth at a
specified offset from the carrier to the car-
rier signal power, given in dBc/Hz. Phase
noise in the frequency domain corre-
sponds to jitter in the time domain.

As astandard SSB plot of phase noise in-
dicates (Fig. 2), the noise level diminishes
as the offset frequency from the carrier in-
creases. The phase-noise offset frequency is
often referred to as either “close-in” phase
noise or phase noise that s far from the car-
rier. Both terms can be somewhat arbitrary
in nature, with close-in phase noise typi-
cally referring to noise at offset frequencies
of 100 Hz or less, but often including offset
frequencies to 1 kHz. Phase noise that is
far from the carrier usually refers to offset
frequencies of 1 MHz or greater.

The location of the phase noise can
have significance for different applica-
tions. For example, in signal-sampling
applications using an analog-to-digital
converter (ADC), close-in phase noise on
the clock oscillator can cause errors in
sampling an input signal’s frequency. The
phase noise that is further from the carrier,
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CONTROLLING PHASE NOISE

also known as broadband noise, will cause
degradation in the overall signal-to-noise
ratio (SNR) of the signal sampling system
or circuit.

Many factors can affect phase-noise
performance in an RF/microwave source,
including the materials used in a resona-
tor, the type of active device in an oscilla-
tor, and the reference oscillator used in a
frequency synthesizer. Noise on the power
supply to the oscillator, for example, can
translate to phase noise at the output of
the oscillator. For optimal phase-noise
performance, an oscillator’s active device
should exhibit low noise figure as well as
low flicker noise.

An oscillator’s phase noise will inevita-
bly be limited by thermal noise, Ny, which is
caused by the Brownian motion of electrons
due to thermal agitations. Thermal noise is
often represented by the simple expression:

N T= kTB
where:

k = Boltzmann’s constant;

T = the temperature in degrees kelvin, or
290 K at room temperature, or +17°C);
and

B = the bandwidth.

At room temperature or 290 K, Nt =
-174 dBm/Hz.

A low-noise oscillator, such as a crys-
tal oscillator, will also exhibit a noise floor
which can serve as a limitation in mea-
suring the phase noise of other oscilla-
tors, since low-noise oscillators are often
needed as a reference source for mea-
surements. The noise floor for a low-cost
crystal oscillator may be about —150 dBc/
Hz versus about —-160 dBc/Hz for a good
low-noise version.

For measuring source phase noise,
a number of companies offer dedicated
(and sophisticated) test systems, such as
the PN9000 phase-noise measurement
system from Aeroflex (www.aeroflex.com),
the E5500 series of phase-noise measure-
ment systems from Agilent Technologies
(www.agilent.com), and the BluePhase
1000 phase-noise test system from Wenzel
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CONTROLLING PHASE NOISE
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2. This is a standard plot for displaying SSB phase noise at various offsets from the

carrier. [Diagram courtesy of Analog Devices (www.analog.com).]

Associates (www.wenzel.com). These sys-
tems typically combine a number of differ-
ent function modules—such as phase de-
tectors, local oscillators (LOs), and power
supplies—to achieve a specified measure-
ment performance level.

Some of these systems deliver carrier
coverage well into the millimeter-wave
frequency range using additional frequen-
cy translators and -harmonic converters.
The PN9000 and E5500 systems offer mea-
surement capabilities at offsets as close as
0.01 Hz to as far as 1 MHz, in the case of
the PN9000, and 100 MHz for the E5500
systems. The E5500 systems boast a noise
floor of —180 dBc/Hz. The BluePhase 1000
system offers more humble performance
levels, working across an offset range of 1
Hz to 100 kHz for carrier frequencies from
5 MHz to 1.5 GHz, but still with an impres-
sive noise floor of -178 dBc/Hz offset 10
kHz from the carrier.

Of course, measuring phase noise can
be as simple as using a spectrum analyz-
er, provided that its internal noise is low
enough. Most instrument makers recom-
mend that a spectrum analyzer have phase-
noise characteristics that are at least 10-dB
better than an oscillator or signal source to
be measured. Ideally, the analyzer also in-
cludes resolution-bandwidth filters narrow
enough to measure the noise power in a

1-Hz measurement bandwidth.

The spectrum analyzer should also
provide sufficient measurement dynamic
range to display the level of a carrier of
interest, as well as the low noise levels far
from the carrier (or at least at offsets from
the carrier that are important to the mea-
surements). A simple way to check wheth-
er a spectrum analyzer’s thermal noise will
interfere with a phase-noise measurement
is to compare noise levels at an offset of in-
terest with and without the source to be
tested connected to the analyzer’s input
port. A clear difference in the noise levels
at the offset of interest usually indicates
that the analyzer’s thermal noise will not
be a problem for phase-noise measure-
ments made with the analyzer.

Itis also critical when measuring phase
noise with any system that the impact of
external energy sources be minimized.
To minimize external noise effects—espe-
cially at the low levels being measured—it
may be necessary to enclose the source
under test in some form of a shielded en-
closure, and to use coaxial cables with
high shielding effectiveness (SE) of 100 dB
or better to minimize the possibility of the
connecting test cables acting as an anten-
na for external energy sources. The power
supply for any test setup should also be
properly screened to minimize noise. MWRF
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MICROSTRIP 1o
WIDE SLOTLINE

This microstrip-to-wide-slotline fransition achieves a smooth shiff in
impedance between the low- and high-impedance transmission lines

while achieving wide bandwidth.

ICROSTRIP IS the most common transmission line
in microwave integrated circuits (MICs) and in
| companion with monolithic-microwave integrated
“ circuits (MMICs). In contrast, wide slotline is not as
w1dely used, but is easy to fabricate and preferable for many MIC
and MMIC applications. For those applications employing wide
slotline that also use microstrip, a transition is needed between
the two transmission-line types.

A number of microstrip-to-slotline transitions have been de-
veloped and found useful in both academic

are used with wide slot antennas, too many sections are required
to achieve the desired impedance transition, resulting in a large
and bulky design.

Fortunately, a novel transition design has been developed
based on a dual branchline configuration. Itis capable of achiev-
ing a low-loss transition between 50-Q microstrip and 150-Q
wide-slotline transmission lines across a broad frequency range.
The measured results for the back-to-back transition show bet-
ter than 10-dB return loss and less than 3-dB insertion loss from

and industrial fields.!® But one of the main \’l

difficulties is forming these transitions is
achieving the match from the low imped-
ance of microstrip to the high impedance of
slotline.* High-permittivity substrates and
narrow slot gaps are often used to suspend
the characteristic impedance of slotline, as
well as to reduce the impedance difference
between microstrip and slotline in forming

a transition.>®

Unfortunately, this technique is not al-
ways suitable for antenna applications. The
high permittivity substrate can degrade an
antenna’s radiation performance. In ad-
dition, fabricating the narrow slot gap is
no trivial task. Some researchers have em-
ployed multisection impedance transform-
ers to smoothly increase the characteristic

1. These sketches show
(a) the geometry of the
proposed MS-to-WSL
transition as well as

(b) the electrical field
distributions at planes
A-A’, B-B’, and C-C'.

impedance of a microstrip transmission line
to the higher impedance of a slotline trans-
mission line.”® But when such transformers
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64% bandwidth. The
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holes or airbridges.

In addition, the tran-
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arrays.
Figure 1(a) shows

2. These plots show the return-loss and insertion-loss
characteristics for the microstrip-to-wide-slotline transition

an analysis model of with different Ri; and Ri, values.

the transition in its

back-to-back form. It is based on a circuit
substrate with thickness, h, of 1 mm, rela-
tive permittivity, €, of 2.65, and circuit-
substrate dielectric loss tangent, tand, of
0.003. The width, W, is set to a value of
2.85 mm to match the dimension com-
mon to 50-Q SMA connectors. Width W,
is set equal to 1.5 mm with a characteristic
impedance of 150 Q. As Fig. 1(a) shows,
branch 1 is C/2 longer than branch 2,
where C is the outer circumference of the
ellipse ring which can be calculated by
the approximation:

C =m[1.5(Ro; + Ro,) - (Ro; Ro,)%?

When C/2 = A;/2, where Mg is the cen-
ter guided wavelength, a 180-deg. phase
difference is achieved between the two
branches. Figure 1(b) plots the electri-
cal field distributions at planes A-A’,
B-B’, and C-C/, respectively (at the cen-
ter frequency). It is clear that the transi-
tion from the microstrip mode (A-A’) to
the wide-slotline mode (C-C’) is mainly
realized around plane B-B’, where the
two branches connect. The out-of-phase
signals on the two branches excite in-
phase signals on the wide slotline, in
the process generating the wide-slotline
transmission mode.

In addition to proper electromag-
netic (EM) field matching, an effective
transmission-line transition should en-
sure a smooth impedance shift for good
wideband performance. Since ' inner

axes Ri; and Ri, determine the width of
the branches, they were studied with the
aid of the ANSYS High Frequency Struc-

- ture Simulator (HFSS) from Ansys (www.
ansys.com) to better understand their ef-
fect on the impedance matching of the
transition. Figure 2 shows the return loss
and insertion loss performances of the
transition with different Ri; and Ri, values.
To simplify the comparison, three set of
values share the same axial ratio (Ri;/Ri,)
of1.75,

As Fig. 2 shows, insertion loss remains
essentially unchanged with different Ri;
and Ri, values, whereas the return-loss
performance is sensitive to variations in
Ri; and Ri,. The return loss performance
is degraded when the dimension of the
inner ellipse decreases (correspondingly,
with wider branch widths). One explana-
tion for this is that significant reflection,
due to mismatching, occurs at the T-junc-
tion where the parallel branches connect
with the main line. When the dimension
ofthe inner ellipse increases (correspond-
ingly, with narrower branch widths), good
impedance matching occurs at the center
frequencies although the operating band-
width tends to narrow. This is because the
high quality-factor (Q) value in this case
leads to a naturally narrower bandwidth.

After fine-tuning and optimization, in-
ner ellipses with dimensions of Ri; = 9.27
mm and Ri, = 5.30 mm were chosen as a
compromise to achieve both acceptable
impedance matching and relative wide-
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to-wide-slotline  tran-
sition has been pre-
sented here. Elliptical
ring-shaped branches

and elliptical wide-
slotline end stubs were

employed; dimensions
were optimized to en-
sure a smooth field
transition and imped-
ance transition between
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50-Q microstrip and
150-Q wide slotline. The

3. These plots compare the simulated and measured
return and insertion losses for the microstrip-to-wide-

slotline transition.

band operation. In addition, the dimen-
sions of the stub slots Rs; and Rs, were set
to values of 6 and 3 mm, respectively, to
better cancel the discontinuous effects of
the wide slotline short end.

To evaluate the transmission-line
transition concept, a prototype transition
was fabricated on F4BK265 woven-glass
PTFE substrate with relative permittivity
of 2.65. The two-port transition was fed
by means of 50-Q SMA connectors. The
prototype transition was evaluated by
means of a commercial vector network
analyzer (VNA), a Wiltron model 37296A
(now available from Anritsu Co.; www.an-
ritsu.com). Measured results show better
than 10-dB return loss and less than 3-dB
insertion loss across the operating band-
width, which was 3.20 to 6.22 GHz, or a
64% bandwidth.

Figure 3 compares the simulated
and measured return-loss and insertion-
loss performance levels for the transi-
tion. The jitter behavior of the measured
insertion-loss curve might be attributed
to irregular soldering. A frequency-offset
of about 100 MHz cab also be observed
between the simulated and measured
return-loss curves. This is possibly due
to the inappropriate quality of the mi-
crowave substrate. Otherwise, the mea-
surements agree fairly closely with the
computer simulations, validating the de-
sign concept for the microstrip-to-wide-
slotline transition.

In summary, an effective microstrip-

Microwaves&RF | visit www.mwrf.com

measured results for the
transition show that it
can support operation
from 3.20 to 6.22 GHz,
arelative bandwidth of 64%. The transition
was printed on a low-permittivity circuit
substrate, making it a suitable candidate
for integration with the feed networks of
wide slot antennas and arrays. MWRF
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ZHANG, Professor, National Key Laboratory
of Science and Technology on Antennas and
Microwaves, Xidian University, Xi'an, Shaanxi
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(Peng Fei): pfei@mail xidian.edu.cn.
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SIW Filter Screens
Narrow Bandwidth

This dual-mode, substrate-infegrated-waveguide (SIW)
filter offers an asymmetric response and outstanding

return loss at a center frequency of 11.3 GHz.

ILTERS EMPLOYING  substrate-integrated-waveguide
(SIW) technology can achieve high selectivity with low
passband insertion loss. By way of demonstration, a nar-
rowband, second-order, dual-mode SIW filter was de-
signed for use at 11.3 GHz. Following computer software simula-
tions, the filter was fabricated and found to have high rejection
and low passband insertion loss around the center frequency.
The filter includes a square SIW cavity, two coupling metalized
vias (CMVs), and input/output microstrip lines. Two CMVs in the
corner of the cavity provide coupling between degenerate modes.

Pseudo-elliptic filters with finite transmission zeros are
not new, but have been widely studied in the literature.!® The
main challenge in developing these pseudo-elliptic filters is
to achieve an asymmetric response.>® Dual-mode filters that

Input line
(width of w)

W | Metal via
ot (radius of d)
Coupling Coupling
meta}lzed via =T | metalized via
(radius of r,) (radius of r,)

@

(b)

1. The physical configuration of the SIW filter (a) is shown
next to (b) the basic filter topology.

50

support cross-coupled network can be designed to satisfy the
asymmetric response.

Filters based on SIW technology are useful in microwave inte-
grated circuits (MICs), for a wide range of applications in commu-
nications, for suppressing unwanted responses and interference.
Learning to implement SIW technology on MIC printed-circuit
boards can be instructive, as well as add a great deal of value to
both active and passive microwave circuits.

For example, SIW technology has been widely used for a num-
ber of different types of microwave filters.*® To demonstrate the
use of the technology, a narrowband dual-mode second-order
filter based on SIW technology with an asymmetric response was
designed and fabricated. The filter employs two CMVs for cou-
pling between degenerate modes. The filter achieves two right-
handed transmission zeros as a result of source-load coupling and
the CMV position.

The configuration of the proposed dual-mode SIW filter is
shown in Fig. 1(a). The filter is constructed by a square SIW cav-
ity, input and output microstrip lines, and two CMVs. The two
CMVs perturb the electromagnetic (EM) fields and produce an
orthogonal mode.

To design a dual-mode filter, a lowpass prototype of the cross-
coupled network s first developed, based on the filter topology. In
the case of the current filter design, the configuration is a second-
order, cross-coupled filter with source load topology as shown
in Fig. 1(b). This type of filter topology is capable of providing
an asymmetric pseudo-elliptic response. Circuit synthesis can
be used to derive the values of the coupling coefficients between
the resonators. Synthesis of such cross-coupled filters with an
asymmetric response has been determined previously, as noted
in the literature.? Using filter synthesis and considering the filter
topology, the generalized coupling matrices that are obtained are
shown by Eq. 1:

0 Mg, M, Mg
M 0 =M M
Ml 12 1L 1)
Mg, M, 0 M,
M, M, M 0

SL 1L 2L
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SIW BANDPASS FILTER

Denormalization of the coupling coef-
ficients can be performed through the ap-
plication of the following formulas:?

k==l e = (O
7

where:

k;; = the normalized coupling coefficient;
Q. = the external quality factor;

f, = the center frequency of the filter; and
BW = the absolute bandwidth of the
filter.

The input and output coupling val-
ues, Mg; and Mj,, are produced by the
input and output microstrip lines. The
two CMVs provide the degenerate-mode
coupling, Mj,. These coupling viaholes
have different radii with a 90-deg. angle
difference to produce the desired cou-
pling values for an asymmetric response.
The radii of the CMVs—namely, r; and
1, and their distance from the waveguide
wall, h—determine the coupling values.
Moreover, the dimensions of the square
SIW cavity are obtained based on the
transverse electromagnetic (TE) modes,
TEsq; and TE; g, as follows:

e,
b= T 3)

where:

e = the permittivity;

L, = the effective length of the square SIW
cavity; and

¢o = the speed of light in a vacuum.

The value of L, can be obtained from
Eq. 4%

2
L =1, J

- 4
i 0.958 @

where:

d = diameter of the metalized viaholes;

L = the length of the square cavity; and

S =the center-to-center distance between
the two adjacent metalized viaholes, as
shown in Fig. 1(a).

To demonstrate the effectiveness of
this design approach, the proposed dual-
model SIW filter was designed using the
coupling matrices. It was fabricated on
RT/duroid® 5880 circuit material from -
Rogers Corp. (www.rogerscorp.com) with
relative permittivity of 2.2 and substrate
width of 0.508 mm. The overall dimen-
sions of the filter, with layout shown in
Fig. 1(a), are: L=20mm, h =2 mm, r; =
0.3mm, np=04mm,S=13mm, d=-04
mm, W, = 1.55 mm, W; = 0.15 mm, and W,
=1.255 mm.

Figure 2(a) shows the simulated and
measured scattering (S) parameters for
the proposed filter, with a photograph of
the fabricated filter in Fig. 2(b). As can
be seen, two transmission zeros are cre-
ated on the right-hand side of the filter
response and the selectivity of the filter
has been improved. The fabricated filter
has return loss of 15 dB and insertion loss
of only 1.8 dB across the filter's 40-MHz
passband bandwidth, which is centered
at11.3 GHz.

Displacement of the transmission ze-
ros is possible by changing the CMV radii.
Figure 3 shows a parametric study of the
position of the transmission zeros for dif-

@

[ —— S.. measured
S,, simulated
- 8., measured
iyl -- §,, simulated
_go| ’ |
1060108 110 112 114 118 118
Frequency—GHz

S-parameters—dB
A
{4

(b).

2. The photograph (a) shows the SIW filter
fabricated on commerecial circuit-board
material, while the S-parameters show mea-
sured and simulated S¢4 and S, responses.
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SIW BANDPASS FILTER

ferent values of CMV radii. Figure 3(a)
shows the effects of having the radius of
the smaller CMV at a fixed value and the
radius of the larger CMV varied.

When the difference between the two
CMV radii increases, the spacing between
the two transmission zeros increases.
Figure 4 shows the group delay for the
proposed SIW filter. As is apparent from
the response curve, the in-band group-
delay variation is less than 4 ns for the
SIW filter.

In summary, the proposed second-or-
der, dual-mode SIW filter uses two right-
hand transmission zeros to achieve high
selectivity. By adjusting the radii of the two
CMVs, itis possible to change the position
of the two transmission zeros in the filter’s
out-of-band response. Comparisons of
simulated and measured responses for
this experimental filter agree closely,
showing that the design is well behaved
and predictable. MWRF
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UWB Antennc
Adds Two Notches

This compact antenna provides full coverage of the UWB
range from 3.1 to 10.6 GHz while including a pair of notches
to minimize interference with WiMAX and WLAN signals.

OMPACT ANTENNAS are needed
for unlicensed ultrawideband
(UWB) applications from 3.1 to
10.6 GHz. For efficient and effec-
tive operation with other signals within
that band, an UWB antenna has been
developed with two frequency notches—
one each for the frequencies of WiMAX
and wireless-local-area-network (WLAN)
systems—for simple coexistence without
additional filters.

A number of antennas have been de-
veloped in small substrate areas, with
microstrip or coplanar-waveguide (CPW)
feeds or combinations of technologies.*
The UWB frequency span also includes
numerous narrowband services, including
WIMAX and wireless local area networks
(WLANS), which may interfere with UWB
operator (or it with them). Such interfer-
ence can be suppressed by using a spatial
filter—such as a frequency-selective sur-
face—above the UWB antenna, although
this adds to the cost and complexity.> An-
other approach is through the use of an
antenna capable of filtering WiMAX sig-
nals from 3.3 to 3.8 GHz and WLAN signals
from 5.150 to 5.825 GHz.

Band-notched antennas can be de-
signed in various ways, including by using
an isolated slit inside a patch, two open-
end slits at the top edge of a T-stub, two
parasitic strips,® an embedded semicir-
cular annular parasitic strip,” and a semi-
circular slot inside an elliptical slot.? The
antenna structure proposed by Lin and
Hung® is simple, featuring compact aper-
ture size. But while it achieves a broad im-

56

pedance bandwidth with stable radiation
patterns, it requires a large ground plane.
Moreover, each of these design approach-
es can notch only one frequency band.
Other ways to design band-notched an-
tennas include by embedding various thin
slots on the antenna surface, including
U-shaped,® L-shaped,'® square-shaped,!!

pi-shaped,'? T-shaped,'® fractal,'* annu-
lar, and H-shaped slots.'® It can also be
accomplished by adding either a split-ring
resonator (SRR)'6 or by using a multireso-
nator load in the antenna structure.'” Un-
fortunately, all of these approaches add to
the complexity of the antenna structure, as
well as the fabrication costs.

@)

(o)

1. These diagrams show the geometry of the dual-notched antenna: (a) top view and (b)

bottom view.
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2. These plots compare the simulated and measured return loss for the dual-notched

UWB antenna.
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DUAL-NOTCH UWB ANTENNA
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4 peak gain is
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4. These plots show the E- and H-plane responses of the antenna at (a) 4.0 GHz,

(b) 7.7 GHz, and (c) 10.2 GHz.
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The proposed compact planar UVB
antenna is a possible solution. For im-
proved bandwidth, the top edge of its
partial ground plane is modified by in-
troducing triangular shape slots to form
a symmetrical sawtooth shape.!®-1° The
dual band-notched characteristics are
achieved by inserting one e-shaped
parasitic element and one c-shaped
parasitic element on the back side of the
patch. The antenna has a simpler de-
sign than the other approaches and can
be fabricated on low-cost FR4 circuit-
board substrate.

 Figure 1 shows the geometry of the
proposed UWB antenna. It was fabricated
on 1.6-mm-thick FR4 substrate with rela-
tive permittivity of 4.6 and loss tangent of
0.02. The antenna consists of a rectangu-
lar radiating patch measuring 14.5 x 14.75
mm and a partial ground plane. The par-
tial ground plane is modified by cutting
slots on its top edge to form a symmetrical
sawtooth shape to enhance the impedance
bandwidth. The radiating patch and a mi-
crostrip feed line are printed on the front
side of a 30 x 25 mm FR4 substrate, while
the modified ground plane is printed on
the back side. The length and width of the
feed line are fixed at 7.25 and 3.0 mm, re-
spectively, to achieve a 50-Q) characteristic
impedance. The feed line is terminated in
an SMA connector.

To achieve the two notches, an E-
shaped parasitic element and a C-shaped
parasitic element have been etched on the
back side of the substrate as shown in Fig.
1(b). The total lengths of the parasitic ele-
ments arelj(c+e+g+f+d)andl(a+h+
b), respectively. The thicknesses of the two
parasitic elements are t; and t, (in mm), re-
spectively, and separated by a distance m.
The widths are f for the e-shaped element
and h for the C-shaped element. Both ele-
ments are a distance n (in mm) above the
bottom edge of the substrate. At the notch
frequencies, the current flow is stronger
around the parasitic elements, with the
current paths directed between the dif-
ferent arms of the parasitic elements. As a
result, the radiating fields cancel at these
frequencies and the antennas do not radi-
ate in these frequency ranges, producing
the two notches.

The performance of the UWB antenna
was simulated with the IE3D full-wave
electromagnetic (EM) simulator from Ze-
land (www.zeland.com). The final design
was optimized with the following param-
eters:a=7.5mm,b=6.5mm,c=5mm,d=
6.5mm,e=3mm,f=4mm,g=6.5mm,h=
4 mm, t; = t, = 0.5 mm, and n = 14 mm. For
experimental verification, a prototype was
fabricated on FR4 and characterized on a
model E8362C vector network analyzer
(VNA) from Agilent Technologies (www.

o
3 \
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c \
2 //
£ -l =25mm /
= |, =23 mm /
30 ¥
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5. These curves show simulated return loss for different values of |;.
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6. These curves show simulated return loss for different values of e.

agilent.com). Figure 2 shows good agree-
ment between simulated and measured
results. The measured impedance band-
width extends from 2.87 GHz to beyond 11
GHz, with better than 10-dB return loss.
The antenna exhibits two notched
bands of 3.3 to 3.8 GHz and 5.1 to 5.6 GHz,
covering WiMAX and the lower WLAN
bands, respectively. In spite of its small
size, the antenna covers the full UWB fre-
quency range defined by the United States’
Federal Communications Commission
(FCC), with dual-notched bands to mini-
mize interference with WiMAX and WLAN
systems. Disparities between measured

and simulated results are attributed to
manufacturing tolerances and less-than-
ideal soldering of the SMA connector on
the feed line. Some of these disparities
may also be due to the effects of the feed
cable used in the measurements, but not
included in the simulations.

Figure 3 shows maximum antenna
gain across the full operating band; the
gain drops dramatically at both notched
bands. However, the gain also decreases
slightly from 8 to 9 GHz, because of the
poor impedance match in that band. In
spite of the high loss tangent (0.02) of the
FR4 substrate, the antenna exhibits good

m \//”\/A

m
A
|
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©:20
c
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&
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40
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7. These curves show simulated return loss for different values of t;.
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DUAL-NOTCH UWB ANTENNA

gain, with less than 1-dB variation across
the UWB frequency range (except for the
two notched bands).

Figure 4 provides E-and H-plane ra-
diation patterns for the antenna at 4.0,
7.7, and 10.2 GHz. The plots, which show
bidirectional radiation patterns, indicate

that the antenna has a main beam in the
broadside direction. At lower frequen-
cies, the E- and H-plane patterns are
about the same as a monopole. As the
frequency increases, higher-order cur-
rent modes are excited and the radiation
patterns become slightly directional, with
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fas _

rea
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the main-beam tilt away from the broad-
side direction. Still, the antenna exhibits
stable radiation patterns over the operat-
ing frequency range.

A parametric study was performed
to investigate the effects of parasitic ele-
ments on the antenna’s dual notches, and
IE3D was employed as part of the design
and optimization process for the antenna.
Since the E- and C-shaped parasitic ele-
ments were the main factors in achieving
the notches, parameters 1;, €, t;, ,, h, and
t, were used for a sensitivity study. The ef-
fects of varying these parameters on the an-
tenna’s band-notched characteristics are
shown in Figs. 5 through 10, respectively.

Figure 5 shows simulated return loss
for different values of E-shaped element
length, 1;, with the other parameters re-
maining constant. As 1; increases from
23 to 27 mm, the center frequency of the
first notched band shifts towards higher
frequencies; at the same time, the center
frequency of the second notched band (for
WLAN) remains constant at 5.5 GHz. The
bandwidth of the first notched band de-
creases with increasing 1;, indicating that
the first notch bandwidth is strongly de-
pendent on the value of;.

Figure 6 shows simulated return losses
for different values of e while the other pa-
rameters are kept constant. As the value of
e increases, the center frequency of the first
notched band decreases while the center
frequency of the second notched band re-
mains unchanged. The bandwidth of the
first notched frequency band is strongly af-
fected by e and decreases with increasing e.

Figure 7 shows that changes in t; have
little effect on the first notched band and
no effect on the second notched band.
From these results, it can be concluded
that the e-shaped parasitic element affects
the first notch band but not the second
notched band. In addition, the center fre-
quency and bandwidth of the first notched
band are adjusted mainly through the se-
lection of values for 1; and e.

Figure 8 shows simulated return-loss
curve for different values of 1,, the total
length of the c-shaped parasitic element.
Asl,increases from 16 to 20 mm, the center
frequency of the second (WLAN) notched

December 2012 | Microwaves&RF
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DUAL-NOTCH UWB ANTENNA

return loss for different values of h. For
h =2, 3, 4, 5, and 6 mm, and other di-
mensions fixed at optimum values, the
30 == |, =16 mm

center frequency of the second notched B [ u V
band moves toward lower frequencies. -

Changes in h have no effect on the first
notched band. Figure 10 shows that the s
center frequency and bandwidth of the
second notched band increases with
increasing value of t,, although changes 8. These curves show simulated antenna return loss for different values of I,.
in t, have no impact on the first notched
band. From Figs. 5 through 10, it can
be concluded that the antenna’s first 0
notched band (for WiMAX) is controlled
by the E-shaped parasitic element, even
though that element has no effect on
the second notched band. And the sec-
ond notched band is controlled by the
C-shaped parasitic element, which has
no influence on the first notched band.
By carefully adjusting both parasitic
elements, the antenna’s notches can
be properly tuned for the WiMAX and
WLAN bands, respectively. MWRF

0
band shifts from 6.2 to 4.9 GHz. The band-
width of the second notched band also i
decreases with decreasing l,, while the
bandwidth of the first notch band remains Q
unchanged. i
Figure 9 shows simulated antenna 2o
é
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Frequency Range Tuning DC Bias Pgi%l:;i;e Size
( MHz ) Voltage ( VDC ) VvDC @ | [Typ.] (dBelHz) [Typ.] (Inch)
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DCO Series

1DCO50100-5 500 - 1000 05-15 +5 @ 34 mA -100 0.3x0.3x0.08
DCO6080-3 600 - 800 0-3 +3@ 15 mA -105 0.3x0.3x0.08
CO7075-3 700 - 750 05-3 43 @12 mA -108 0.3x0.3x0.08
C0O80100-5 800 - 1000 05-8 +5 @ 26 mA -1 0.3x0.3x0.08
DCO8190-5 810 - 900 0.5-16 +5 @ 34 mA -118 0.3x0.3x0.08
. DCO100200-5 1000 - 2000 0.5-24 +5 @ 36 mA -95 0.3x0.3x0.08
DCO1198-8 1195 - 1205 05-8 +8 @ 30 mA -115 0.3x0.3x0.08
DCO170340-5 1700 - 3400 05-24 +5 @ 29 mA -90 0.3x0.3x0.08
DCO0200400-5 +5 @ 46 mA -90
DCO200400-3 2000 - 4000 05-18 +3 @ 46 mA 89 0.3x0.3x0.08
DCO300600-5 +5 @ 35 mA -80
DCO300600-3 3000 - 6000 05-18 +3 @35 mA 78 0.3x0.3x0.08
DCO400800-5 +5 @ 20 mA -78
DCO400800-3 4000 - 8000 0.5-18 +3 @20 mA 76 0.3x0.3x0.08
DC0432493-5 +5 @22 mA -88
DCO432493-3 4325 - 4950 0.5-11 +3@22 mA 86 0.3x0.3x0.08
DC0450900-5 +5 @20 mA 76
DCO450900-3 4500 - 9000 05-18 +3 @ 20 mA 74 0.3x0.3x0.08
DCOA473542-5 +5 @ 20 mA -88
DCO473542-3 4730 - 5420 05-22 +3 @ 20 mA 86 0.3x0.3x0.08
DCO0490517-5 +5 @22 mA -88
DCO490517-3 4900 - 5175 05-5 +3@22mA 86 0.3x0.3x0.08
DCO0495550-5 +5@ 22 mA -83
DCO495550-3 4950 - 5500 0.5-12 +3@ 22 mA 85 0.3x0.3x0.08
DCO5001000-5 +5 @ 20 mA -75
DCO5001000-3 5000 - 10000 0.5-18 +3 @ 20 mA 73 0.3x0.3x0.08
DCO579582-5 5780 - 5880 05-10 +5 @ 20 mA -90 0.3x0.3x0.08
|DCO608634-5 +5 @ 20 mA -85
DCO608634-3 6080 - 6340 05-5 +3 @26 mA 86 0.3x0.3x0.08
DCO615712-5 +5 @22 mA
6150 - 7120 0.5-18 +3@22 0.3x0.3x0.08

{DCO615712-3

He el 5 = Sl e

Frequency Range Tuning DC Bias Ph@a 10 kH‘zse
(GHz) Voltage ( VDC } VDC @1 [Typ.] (dBE/Hz) [Typ.]

+5@ 32 mA -82
8.1-8.925 05-15 +3@32mA 80 0.3x0.3x0.08
+5 @ 27 mA -80
9.0-9.65 0.5-12 +3@27 mA 78 0.3x0.3x0.08
10.70 - 10.95 05-15 +5 @25 mA -82 0.3x0.3x0.08

11.44-120 05-15 +5 @ 30 mA -82 0.3x0.3x0.08
11.75-122 05-15 +5 @ 30 mA -80 0.3x0.3x0.08
14.85-15.15 05-15 +5 @ 30 mA -74 0.3x0.3x0.08

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




ApplicationNotes

Use SSC OSCILLATORS TO BANISH EMI

SSUES WITH ELECTROMAGNETIC

interference (EMI) are usually over-

come through the use of EMI filters,
ferrite beads, or chokes. Alternatively, the
designer may opt to add a power layer
and groundplane to the board or add
more metal shielding, a special coating,
and RF gaskets. Because EMI stems from
system clocks, however, it can be most
efficiently and economically reduced via
the use of spread-spectrum-clock (SSC)
oscillators. In a seven-page application
note titled, “Low EMI Spread Spectrum
Clock Oscillators,” Jason Yen of Mercury
United Electronics, Inc. explains how en-
gineers can more effectively comply with
EMI regulations.

By minimizing the interference gen-
erated by embedded clock oscillators at
the source, Yen explains that it is possible
toreduce the requirements for post-EMI-
generation suppression, such as EMI
filters, chokes, and ferrite beads. The

Spread-spectrum clock oscillators
take advantage of the SST to provide low-
EMI frequency sources. In discussing the
benefits of these oscillators—and spread-
spectrum techniques in general—the
note compares center and down spread.

key is spread-spectrum
technology (SST), which
spreads source energy
over a broader bandwidth
and controlled frequency

Mercury United Electronics,
Inc., 9299 9th St., Rancho
Cucamonga, CA 91730;

886-2-2406-2779,

www.mercury-crystal.com.

It also defines the modu-
lation carrier frequency.
The document notes that
higher-order = harmonic
frequencies achieve high-

range (for example, center frequency
of +1%) with a controlled modulation
rate. With this approach, the total source
energy remains the same. The peak en-
ergy, however, has been spread out to
nearby frequencies.

er EMI reduction. In addition, the greater
modulation percentage more greatly re-
duces EMI emissions. In addition to all of
the harmonics, the fundamental frequency
will benefit from reduced EMI reduction
with the use of an SST.

UE TESTING EASES
TRANSITION TO VolLTE

NSTEAD OF SIMPLY adopt-

ing Long Term Evolution's

(LTE’s) Internet Protocol (IP)
-based core infrastructure to
totally replace their second-
and third-generation (2G and
3G) networks, mobile opera-
tors are migrating gradually.
Until Voice over LTE (VolLTE)
is widely available, a solution
must therefore enable LTE
to work with existing 2G/3G
voice services. Depending on
their legacy network environ-
ment, operators can leverage
options like Circuit Switched
Fall Back (CSFB), Simultane-
ous Voice and LTE Data (SV-
LTE), and Single Radio Voice
Call Continuity (SRVCC). This
Band-Aid approach will pres-
ent many challenges for devel-
opers, who must now create
a range of different and more
complex LTE user equipment
(UE). In a five-page applica-
tion note, Agilent Technolo-

gies stresses that the accurate
and efficient voice testing of
LTE UE will be needed to en-
sure that VoLTE delivers a high
standard of voice calls.

Titled “Enabling Fast, Ac-
curate, and Efficient Testing
of Voice Quality in LTE User
Equipment,” the application
note explains that test require-
ments for such devices are
numerous—whether they are
being tested by Perceived
Evaluation of Speech Quality
(PESQ) or a Perceptual Objec-
tive Listening Quality Assess-
ment (POLQA). Testing can be
performed using the following:
audio analysis; signaling test
(including connections to serv-
ers, conformance testing, ra-
dio aspects, and handovers for
fallback support); battery-drain
analysis; and SMS/video-call
testing. In addition, operator-
specific test plans and field
testing also may be required.

Depending on the type of
test, the form of UE testing also
varies. Designers, for example,
will perform benchtop testing.
Yet the operator will demand
infrastructure  interoperability
testing (IOT) with a variety of
UEs, network equipment, and
client applications. Confor-
mance testing for standards
also will be required. At some
point, a combination of all of
these tests will be needed.

To satisfy these varied
requests, the application
note suggests the use of a
building-block approach. By
combining a variety of prod-
ucts in different configura-
tions, it is possible to address
a range of LTE UE tests and
test needs. In addition, UE
developers can gain greater
insight into their designs.

VoLTE battery-drain analy-
sis, for example, calls for the
creation of new battery-drain

profiles. For a 2G/3G UE,
battery-drain  testing usually
involves the transmission and
reception of files, multimedia
messaging services (MMSs),
the repeated sending of short
(SMSs),
and potentially a combination
of all of these tasks. Yet VoL TE
has to confront its own burst-

messaging  services

transmission nature as well as
the all-IP network and different
discontinuous reception (DRX)
patterns for both idle (paging
cycle) and connection mode.
Using Agilent's IFT software
and PXT test set, it is possible
for a developer to set up loops
that continuously repeat SMS/
MMS sends, large file down-
loads, and voice calls to simu-
late battery-drain profiles.

Agilent Technologies, Inc.,
5301 Stevens Creek Bivd.,
Santa Clara, CA 95051;

(877) 424-4536,
www.agilent.com.
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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 6 GHz, our rugged LTCC ceramic models feature wrap-
around terminations for your visual solder inspection, and
they are even offered in packages as small as 0805!

Continued innovation: Top Hat.

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

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

More models, to meet more needs

Mini-Circuits has over 200 different SMT models in
stock. So for RF or microwave baluns and transformers,
with or without center taps or DC isolation, you can
probably find what you need at minicircuits.com. Enter
your requirements, and Yoni2, our patented search
engine, can identify a match in seconds. And new custom
designs are just a phone call away, with surprisingly
quick turnaround times gained from over 40 years of
manufacturing and design experience!

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

[JMini-Circuits’

1SO 9001
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
rch Engine finds the model you need, Instantly « For detailed performance specs & shopping online see miniciﬁuiﬁgggm
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Coverstory

JACK BROWNE | Technical Contributor

Top 2012 Products

Blend Value and

Performance

USTOMER DEMAND will gen-
erally drive new-product devel-
opment. Meeting that demand
with a cost-effective solution,
however, often requires creativity and
ingenuity. Each December, in our Top
Products of the Year report, Microwaves
& RF applauds a small sample of those
outstanding products developed dur-
ing the year in response to customers’
needs. These products have delivered
new levels of performance, tackled new
problems and, in general, provided
great value for customers with shrinking
wallets. They are listed in alphabetical
order in the accompanying table.
Frequency synthesizers are essential
components in many high-frequency sys-
tems. Several were on the 2012 Top Prod-

ucts list, including a broadband unit from
Elcom Technologies (www.elcom-tech.
com) and smaller models from Synergy
Microwave Corp. (www.synergymwave.
com) and Micro Lambda Wireless (www.
microlambdawireless.com). The model
VMESG frequency synthesizer from El-
com Technologies (Fig. 1) squeezes a
full-performance 1-to-20-GHz frequency
synthesizer onto a compact two-slot VME
card. Designed for use with a 100-MHz
external frequency reference—such as an
oven-controlled crystal os-

cillator (OCXO) or a temper-

ature-controlled crystal os-
cillator (TCXO)—it

delivers the type of _
performance asso-
ciated with a larger

Top Products of 2012 (listed alphabetically)

Synergy Microwave’s PLL synthesizers

Agilent Technologies’ 26.5-GHz PXI| vector signal analyzer

Anritsu Co.’s PIM Master portable PIM tester

Micro Lambda'’s TO-8 YIG-based synthesizers

National Instruments vector signal transceiver

(August, p. 102)

(March, p. 102)

(June, p. 108)

(October, p. 104)

(May, p. 132)

This year's top offerings
epitomize the creativity

and ingenuity of the design
engineers in the RF/microwave
industry in meeting the most
demanding requirements of
their customers.

rack-mount synthesizer, with phase noise
of-109 dBc/Hz offset 1 kHz from a 10-GHz
carrier and -122 dBc/Hz offset 10 kHz
from a 10-GHz carrier.

The MLSP-Series of frequency synthe-
sizers from Micro Lambda Wireless are
based on yttrium-iron-garnet (YIG) oscil-
lator technology, making great strides in
miniaturizing the technology for use in
modular systems. These sources measure
just5x 3x 1 in., weigh only 15 oz. (426 g),
and can fit into a two-slot PXI chassis. The

synthesizer series includes models as
P wide as 2 to 18 GHz and 2 to 20 GHz with
~ frequency switching speeds of 1 ms for

a 100-MHz switch, and typically about 7

ms for a full-band change in frequency.

The model KMTS2500-200800 fre-
quency synthesizer from Synergy Micro-
wave Corp. combines direct-digital-syn-
thesis (DDS) and phase-lock-loop (PLL)
technologies to generate stable, low-noise
output signals. A low-noise PLL multiplies
a reference frequency to the maximum
frequency allowed by the DDS circuit.
The DDS output signal is then filtered and
provided as a reference to a secondary
PLL that will multiply the frequency to the
desired range.

An even smaller, component-level fre-
quency synthesizer, the model AD9914

1. Frequency synthesizer in the VMESG
series provide excellent spectral purity in
a compact VME card format, with models
available for full coverage from 1 to 20
GHz. [Photo courtesy of Elcom Technolo-
gies (www.elcom-tech.com).]
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5 MHZ tO 8 GHZ from ea.qty. 20

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

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

(from 5 MHz to 8 GHz), and in package sizes as small as 0.08" x 0.05".

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

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

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

- - = 3 ®
[JMini-Circuits
1SO 9001 1SO 14001 AS9100
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
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2012'S TOP PRODUCTS

DDS from Analog Devices (www.analog.
com), is capable of operating at clock fre-
quencies to 3.5 GHz. With its on-board
12-b digital-to-analog converter (DAC),
it can provide output signals to about 1.4
GHz with excellent spectral purity.
Another essential high-frequency

component, the RF/
microwave
was given new life by
Mini-Circuits (www.
minicircuits.com) when the com-

pany developed a line of hermetic mixers
through 12 GHz with prices starting at

mixer,

Directional Couplers
to 67 GHz

Double Arrow 3 dB 180°
Hybrid Couplers to 26.5 GHz

RF & Microwave
Power Meter
100 KHz to 40 GHz

A Microwave Components & Instruments

3 dB 90° Hybrid Couplers
to 40 GHz

Detectors
Zero Bias
Schottky
Planar Doped
Barrier Planar
Tunnel Diode
Threshold Detectors
to 40 GHz

Adapters: DC to 50 GHz

In Series: SMA, 2.92 mm, 2.4 mm Coaxial
Between Series: 2.29 mm to 2.4 mm Terminations
to 50 GHz

Broadband Limiters
Pin-Pin Diode
Pin-Schottky Diode to 18 GHz

MIL Qualified Components Available

( E,‘ KRYTAR® 1288 Anvilwood Ave. Sunnyvale, CA 94089

Toll Free: (877) 734-5999 - Fax: (408) 734-3017 - sales@krytar.com
www.krytar.com lists complete specifications
and application ideas for all products

DC to 67 GHz

Directional Detectors
to 50 GHz

MLDD Power Divider/
Combiner to 45 GHz

.

72

. This compact mixer is
based on LTCC technology

¢ and a compact hermetic ceramic
housing for applications through
12 GHz. [Photo courtesy of Mini-
Circuits (www.minicircuits.com).]

only $5.95 each (Fig. 2). Based on reliable
low-temperature-cofired-ceramic (LTCC)
technology, Mini-Circuits’ MAC series
mixers measure just 0.30 x 0.25 x 0.060 in.
(7.62 x 6.35 x 1.52 mm) in their ceramic
housings. Suitable for commercial, indus-
trial, and military applications, these mix-
ers feature broad frequency ranges.

Cree’s new 50-V GaN HEMT devices
are available in 100- and 200-W models for
use in frequency bands through 2.7 GHz.
Supplied in flange-mount and surface-
mount ceramic-metal housings, the tran-
sistors are internally impedance matched
and deliver high gain with high efficiency.

Measuring instruments, whether for
the laboratory or in the field, are vital to
the advancement of the industry. The
LabMaster 10Zi digital sampling oscillo-
scopes (DSOs) from LeCroy Corp (www.
lecroy.com), for example, leverage silicon-
germanium (SiGe) device technology to
reach new levels of measurement capa-
bility (Fig. 3). These active devices, with
cutoff frequencies to 200 GHz, are used in
analog-to-digital converters (ADCs) with-
in the oscilloscopes.

Modular instruments are increasingly
finding their way onto test benches, not
only for their flexibility but for their out-
standing performance [including in PXI
and PXI Express (PXIe) modular formats].
For example, a PXI-based vector-signal-
analyzer (VSA) from Agilent Technologies
(www.agilent.com) includes all the mod-
ules needed to perform signal analysis
on 4 x 4 multiple-input, multiple-output
(MIMO) communications systems and
devices from 10 MHz to 26.5 GHz. It pro-
vides analysis bandwidths as wide as
780 MHz with a number of different PXI
and PXIe modules. The VSA system in-
cludes a model M9362A PXle frequency
downconverter module with frequency
range of 10 MHz to 26.5 GHz, which can
simultaneously frequency translate four

December 2012 | Microwaves&RF
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2012's TOP PRODUCTS

channels with instantaneous bandwidths
aswide as 1.5 GHz.

The DSA815 spectrum analyzer from
Rigol Technologies (www.rigolna.com)
makes basic measurement power from 9
kHz to 1.5 GHz affordable for almost ev-
eryone, with a starting price of $1295. The

versatile spectrum analyzer provides res-
olution-bandwidth filters from 100 Hz to
1 MHz and video-bandwidth filters from
1 Hz to 3 MHz. It operates with an inter-
nal 10-MHz frequency reference oscilla-
tor and allows the reference level can be
set from -100 to +20 dBm in 1-dB steps to

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

‘WE’VE GOT YOU COVERED!

High dynamic range
front-end assembly

With today’s emphasis on superior performance in a smaller, lighter, more
cost-effective package, why settle for yesterday’s chip and wire solutions?

Narda Defense Technology Solutions has pioneered the development of
high-performance, densely packaged integrated microwave assemblies and
subsystems in footprints previously unachievable. By leveraging commonly
available multi-layer board materials with unique interconnection techniques,
and incorporating DSP and sophisticated monitor and control functions, our
solutions are currently redefining “State of the Art.” For more information,
please visit our website at www.nardamicrowave.com/defense, or call us
at (631) 231-1700.

B Module and Subsystem Solutions to 40 GHz
B Frequency Converters, LNAs, BUCs & SSPAs
B EW, Radar, Radio and SATCOM Applications

Defense

nardazis

M Pin Diode Switch Products

4

3. This line of DSOs employs SiGe active
device technology to achieve channel
bandwidths as wide as 60 GHz for 10
measurement channels. [Photo courtesy

of LeCroy Corp (www.lecroy.com).]

show a wide range of signal levels.

For measurements in the field, the
Passive Intermodulation (PIM) Masters
series from Anritsu Co. (www.anritsu.
com) can generate the test tones needed
within specific wireless communications
bands for on-site PIM testing of compo-
nents and systems—including in frequen-
cy ranges of 869 to 894 MHz and 1930 to
1990 MHz. The PIM Masters, which can
generate test tones atlevels to about 40 W,
measure only 12x 17 x 20.in.

For military and other signal-intelli-
gence (SIGINT) applications, the Wide-
band Acquisition Record and Playback
(WARP™) system from X-COM Systems
(www.xcomsystems.com) can instantly
capture the entire signal spectrum from
DC to 6 GHz even over long periods of
time, when equipped with adequate
memory. The system allows digital stor-
age of signal bandwidth.

In some cases, new types of instru-
ments were needed to keep pace with
wireless test needs. Model PXIe-5644R
is a vector signal transceiver (VST) from
National Instruments (www.ni.com) that
combines a vector signal generator (VSG)
and VSA with a field-programmable gate
array (FPGA), forming a new kind of in-
strument for wireless communications
testing. It tunes from 65 MHz to 6 GHz
with instantaneous bandwidth as wide as
80 MHz and 1-Hz tuning resolution. MWRF
Editor’s Note: To read an expanded
version of this article, go to http://muwrf.
com/systems/top-2012-products-blend-
value-and-performance.
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Best in Class!
2801 Series

Flexible/High Frequency/Low Loss Cable Assemblies

The 2801 Series cable assemblies offer the “lowe 5S dustry” at frequencies
up to 18 GHz. The cable features a multi-ply concentrically laminated dielectric of
expanded PTFE, double shielding and a standard FEP jacket per ASTM D-2116. Options
including LOW SMOKE/ZERO HALOGEN polyurethane jacketing and TUF-FLEX internal
armoring are available for applications requiring enhanced mechanical protection.
SMA, precision TNC and N Type connectors are standard for frequencies up to 18
GHz. C, SC and 7-16 connectors are also offered.

Specifications
Impedance: 50 ohm RF leakage, min: -100 dB to 18 GHz
Time delay: 1.2 ns/ft. Temp range: -65°C to +165°C
Cut off frequency: 18 GHz Cable outer diameter: @81
Capacitance: 24 pi/t. Velocity of propagation: 83%
Weight: 7.8 1b./100 ft. UL flame retardant rating: VO

Max RF Power in Watts Attenuation in dB/100 ft

20°C at Sea Level

mesmesenn Max RF Power at 20°C & Sea Level

e INSULATED WIRE, INC.
P 203.791.1999

| - —  www.iw-microwave.com
sales@iw-microwave.com

1400 {-~

1200

Watts dB'®

1000 fomt

4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18

Frequency (GHz) Frequency (GHz) 5
; g : Scan code to find
Call us today with your project specs and we'll show you the most reliable way to out how you can
get connected in the industry. get connected

We're how the microwave industrv aets connected!



New Power Module
MSUV41, 960-1260MHz
100W. 13dB gain, 48Vdc GaN

polyfet rf devices

Polyfet RF Devices

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

Advanced Switch Technology

754 Fortune Cr, Kingston, ON
K7P 273, Canada.
613 384 3939
info@astswitch.com

able Assemblies

1,000,000 RF Cables
@ OnlineCables.com

Applied
Interconnect

™

Phone: (408) 749-9900 Fax: (408) 734-9770
Sales@OnlineCables.com

Applied Interconnect

AVTECH ELECTROSYSTEMS LTD.

NANOSECOND WAVEFORM ELECTRONICS
INCE 1975

an &
" po
G

Tel: 888-670-8729
Fax: 800-561-1970

Fast Pulse Test Solutions

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

AVR-EB4-B: +2A/-4A pulser for diode reverse-recovery time tests

AV-156F-B:  +10 Amp constant current pulser for airbag initiator tests.

AVO-9A-B: 200 mA, 200 ps rise time driver for pulsed laser diode tests. |
AV-151J-B: 400 V, 50 kHz function generator for piezoelectric tests. N

AVOZ-D2-B: 700V, 70 A pulser for production testing of attenuators.
AVR-DV1-B: 1000 V, variable rise-time pulser for phototriac dV/dt tests.

AVR-DCI-B Reverse Recovery Test System

ks P s

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

info@avtechpulse.com
www.avtechpulse.com

AVTECH

APS12-0299

n 07-20 Ghz
+29.dBm P-1d8

S/N 0002 4512

Wright Technologies
76

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

» Super low noise RF
amplifiers
> Broadband low noise
amplifiers
» Input PIN diode protected low
noise amplifiers
» General purpose gain block
amplifiers
» High power RF amplifiers
and broadband power
amplifiers
> RF isolators and
circulators
» High power coaxial and
waveguide terminations
» High power coaxial
attenuators

» PIN diode power limiters
> Active up and down
converters

Wenteq Microwave Corporation
1070 Hamilton Road, Suite A, Duarte, CA 81010
Phone: (626) 305-6666, Fax: (626) 602-3101
Email: sales@wenteq.com, Website: www.wenteg.com

Wenteq

SATELLINK
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NewProducts

Phase Shifter Tunes C-Band Radars

M odel MAPS-011008 is a digital phase shifter from M/A-COM Tech-
nology Solutions for C-band radar applications from 5 to 6 GHz. It

provides a phase adjustment range of 360 deg. with step size of 5.6 deg. The
phase shifter promises +3 deg. root-mean-square
(RMS) phase accuracy across its frequency
range. The phase shifter achieves an input
third-order intercept point of +48 dBm.
Insertion loss is only 4 dB in any phase
state, with attenuation variations held to
+0.5 dB or less. The compact phase shifter is
housed in a 4-mm 24-lead PQFN package. It is

powered by means of a +5-VDC serial or parallel control line.
M/A-COM TECHNOLOGY SOLUTIONS, INC., 100 Chelmsford St., Lowell, MA

01851; (800) 366-2266, (978) 656-2500, www.macomtech.com.

Receiver, Transmitter ICs Span 0.7 To 4.0 GHz
radio-frequency-integrated-circuit (RFIC) chipset with receiver and trans-
mitter from Hittite Microwave Corp. is suitable for wireless infrastructure

frequency-conversion applications from 700 to 3500 MHz. Ideal for use in base-

transceiver stations, remote radio units (RRUs), and repeaters, the model HM-

C119OLP6GE dual-channel downconverter serves the receiver side. It features an

integrated phase lock loop (PLL) and voltage-

controlled oscillator (VCO). It features 8-dB
conversion gain with output power at 1-dB
compression of +11 dBm and input third-order

intercept point (IIP3) of +24 dBm. Its 2 x 2

spurious products are controlled to below —70

dBc. For transmitters, the model HMC1197LP-

7FE is a direct quadrature modulator with
integrated fractlonal N PLL and VCO. Designed for use from 100 MHz to 4 GHz,

it provides as much as +10.5 dBm output power at 1-dB compression with IIP3 of

+30 dBm. It has a low noise floor of ~160 dBm/Hz. Its single-ended RF output port

is matched to 50 Q with no need for additional external components.

HITTITE MICROWAVE CORP., 2 Elizabeth Dr., Chelmsford, MA 01824; (978) 250-3343,
FAX: (978) 250-3373, e-mail: sales@hittite.com, www.hittite.com.

GaN Amplifiers Reach 1.85 GHz

Two new flange-ceramic-packaged GaN power amplifiers from REMD are

suitable for commercial wireless and military communications applica-

tions. Devices in the firm’s RFHA104x series include the models RFHA1042 and
RFHA1043. The RFHA1042 is optimized for use from 225 to
450 MHz. Its +48-VDC modulated performance includes
+45.2 dBm output power with 18.5-dB gain and 42%
drain efficiency. Its +48-VDC CW performance includes
+51.4-dBm output power, 16-dB gain, and 60% drain
efficiency. It provides these performance levels for

an operating temperature range of -40 to +85°C. The
model RFHA1043 GaN power amplifier operates from
1.20 to 1.85 GHz. Its +48-VDC modulated performance
features +45.2-dBm output power, 15.5-dB gain, and 30%
drain efficiency, with adjacent-channel-power (ACP) level
of 30 dBc. Its +48-VDC CW performance includes +52-
dBm output power, 13.5-dB gain, and 51% drain efficiency. ‘
The devices are based on an advanced 65-V GaN high-electron-mobility-tran-
sistor (HEMT) semiconductor process and are supplied in an air cavity ceramic
package, providing excellent thermal stability.

RFMD, 7628 Thorndike Rd., Greensboro, NC 27409-9421; (336) 664.1233, www.rfmd.com.
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Signal Source Fixes On 4 GHz
M odel SFS4000C-LF is a RoHS-
compliant frequency synthesizer
for satellite-communications (satcom)
and test applications. The fixed-frequency
unit is phase locked at 4 GHz using a
10-MHz reference oscillator. The coaxial
synthesizer delivers 0-dBm output power
and exhibits phase noise of typically 102
dBc/Hz offset 10 kHz from the carrier
with typical spurious content of -65
dBc. Second-harmonic levels are typically
-15 dBc. The frequency source, which is
supplied in a PLL-V12C package measur-
ing 0.60 in. x 0.60 in. x 0.22 in., consists
of a voltage-controlled oscillator (VCO)
with power consumption of 30 mA at +5
VDG, as well as a phase-lock-loop (PLL)
chip with power consumption of 11 mA
at +3.3 VDC.
Z-COMMUNICATIONS, INC., 14118
Stowe Dr,, Ste. B, Poway, CA 92064; (858)
621-2700, (877) 808-1226, FAX: (858) 486-
1927, e-mail: sales@zcomm.com, www.
zcomm.com.

Source Sends Digital
Modulation To 12.75 GHz
The R&S SGS100A microwave signal
generator is now available in a
version capable of producing signals
with digital in-phase/quadrature (I/Q)
modulation from 80 MHz to 12.75 GHz.
When combined with an I/Q baseband
generator, the test signal source sup-
ports testing on all radio standards
through 12 GHz, including radar and
satellite-communications (satcom)
signals. The wide 1-GHz I/Q bandwidth
makes it possible to generate pulses
with high chirp bandwidths and steep
pulse edges. The signal source provides
typically +22 dBm output power across
its frequency range with an electronic
step attenuator for output level control.
The switching speed is typically 280 ps.
The signal generator can work with high
reference frequencies from 100 MHz to
1 GHz. It features —-76-dBc nonharmonic
spurious performance with typical phase
noise of ~130 dBc/Hz offset 20 kHz
from a 1-GHz carrier.
ROHDE & SCHWARZ USA, INC., 8661A
Robert Fulton Dr., Columbia, MD 21046-
2265; (888) TEST-RSA [(888) 837-8772)],
(410) 910-7800, FAX: (410) 910-7801, e-mail:
info@rsa.rohde-schwarz.com, www.rohde-
schwarz.us, www.rohde-schwarz.com.
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Rugged, tiny ceramic SIM mixers from ¥ ea. gty. 1000
offer unprecedented wide band, high frequency
performance while maintaining low conversion
loss, high isolation, and high IP3.

Over21 models IN STOCK are available to operate
from an LO level of your choice, +7, +10, +13, and
+17 dBm. So regardless of the specific frequency
band of your applications, narrow or wide band,
there is a tiny SIM RoHS compliant mixer to select
from 100 kHz to 20 GHz. Built to operate in tough

0.2"x 018"

HEST MIXERS
UNDER THE SUN

environments, including high ESD levels, the SIM
mixers are competitively priced for military,
industrial, and commercial applications. Visit our
website to view comprehensive performance
data, performance curves, data sheets, pcb layouts,
and environmental specifications. And, you can
even order direct from our web store and have it in
your hands as early as tomorrow!

Mini-Circuits...we’re redefining what VALUE is all about!
U.S. Patent #7,027,795 \J RoHS compliant

[ JMini-Circuits’

1SO 9001

h E

—5
U_"Mz The Design Engineers S

U.S. Patents 3 G
7739260, 7761442 2

1SO 14001 AS9100

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
ine finds the model you need, Instantly - For detailed performance specs & shopping online see minicin%‘uiis-gggm
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JACK BROWNE | Technical Contributor

Versatile Scopes Scan

0216
1.5 GHz

SCILLOSCOPES ARE mainstay

test instruments for many labs

and test facilities. They have

grown with technology over
the years, but perhaps none as much as
the InfiniiVision 4000 X-Series oscillo-
scopes from Agilent Technologies (www.
agilent.com). These mixed-signal oscil-
loscopes (MSOs) and digital-sampling
oscilloscopes (DSOs) take advantage of
novel segmented memory, a special appli-
cation-specific integrated circuit (ASIC),
and 12.1-in. capacitive touchscreens.

The InfiniiVision 4000 X-Series fam-
ily (see figure) numbers eight MSOs and
eight DSOs, with bandwidths from 200
MHz to 1.5 GHz. The DSO models offer
two or four analog input channels, while
the MSO models add 16 digital input
channels to the two or four analog input
channels (see table). These instruments
actually house five measurement tools in
each enclosure, with
multiple analog test
signal channels, digi-
tal channels, protocol
analysis capability,
a dual-channel arbi-
trary waveform (ARB)
generator for signal
generation, and an
integrated digital volt-
meter (DVM).

Each instrument
has a sampling rate of

Model

Bandwidth

200 MHz
350 MHz

500 MHz

Available in a number of different channel configurations
and bandwidths, these mixed-signal and digital-sampling
scopes use touchscreen displays and smart memory to

simplify measurements.

to 5.0 GSamples/s when making half-
channel measurements. All instruments
feature a fast update rate of 1 million
waveforms/s.

To assist in snaring anomalies and
transient signal events, the InfiniiVision
4000 X-Series patented
MegaZoom IV ASIC smart memory tech-
nology. Working with the instruments’
segmented memory, this technology
helps capture more waveform data than
conventional oscilloscopes.

When waveforms are displayed on
screen, the large 12.1-in. capacitive touch-
screen works as an ally to help isolate
anomalies and portions of interest. The
InfiniiScan Zone touch triggering capabil-
ity makes it possible to draw a box around
a signal of interest on the touchscreen
and trigger on it.

The wupdate rate of this
Scan Zone touch triggering capability is

incorporates

Infinii-

The InfiniiVision 4000 X-series scopes at a glance.

Digital scope

Risetime
channels

2.5 GSamples/s on all
measurement
nels, and this capabil-
ity can be interleaved

chan-

80

Sampling rate
2.5 GSamples/s
2.5 GSamples/s

2.5 GSamples/s

2.5 GSamples/s

InfiniiVision 4000 X-Series oscilloscopes
are available with analog bandwidths from
200 MHz to 1.5 GHz and an easy-to-use
12.1-in. capacitive touchscreen.

200,000 waveforms/s. In their standard
configuration, the InfiniiVision 4000 X-
Series scopes include 4 Mpoints of mem-
ory, plus segmented memory for capture
of transient events. MWRF

Editor’s Note: In order
to read an expanded
version of this article,
go to hitp://mwrf.com/
test-amp-measurement-
analyzers/versatile-
scopes-scan-02-15-ghz.

(all channels)

AGILENT TECHNOLOGIES,
INC., 5301 Stevens Creek
Blva Santa Clara “CA
95051; (877) 424-4536,

Sampling rate is 5.0 GSamples/s for half-channel and 2.5 GSamples/s for all
channels in operation.

All models are available as digital sampling oscilloscope (DSO) or mixed-signal
oscilloscope (MSO).

(408)  345-8886, FAX:
(408) 345-8475, e-mail:
us@agilent.com,  www.

agilent.com.
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We’ve kept these ARRA Attenuators
under our hat long enough...

¢ Phaseless

Low Freq.

Variable Variable
Attenuator Attenuators
The “no-nonsense” attenuator. .. " The “incredible” attenuator. ..

For Audio, IF, and VHF. Elegant, classic, exceptional. With all the
Simple, straight forward, no frills. Not bad extras you’d expect at the top of the ARRA
when this economy model performs in the line. So uniquely new in its approach,
same classy manner as other ARRA high it’s one of a kind. Nothing else like it on the
precision units. market. It’s got everything. ..
e SMA connectors, others available ¢ Low phase
e Off-the-shelf delivery ¢ High RF Power
¢ 50 ohm impedance, 75 ohms available e Low VSWR & Insertion loss
e Specs that beat the competition’s ¢ Extremely flat frequency response
¢ (0-3 dB & high attenuation models
Directly calibrated models e Bands from 350-5000 MHz
Freq Range Atten Atten vs
(MHz) Range (dB) | Freq(dB)

DC-60 10 £1.0
DC-100 15 +0.3

321)03 ;ig :;x ..« the last word in variable attenuators
25 0.5

Uncalibrated models
DC-60 10 2:0 0682-40 INC.

D(:flﬂ(! :Z‘] 0. fj 0624:2-20

bm. | B 20 | s 15 Harold Court * Bay Shore NY 11706-2296
DC-250 15 +1.2 0682-15

e - e B Tel 631-231-8400 Fax 631-434-1116

Vieit onr wwoheito af 198 (17 rel. £ 0. F_-Maile calec@arra oaim
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Boonton's 4540 Peak Power Meter delivers the outstanding ¢ Frequency range: 9.9kHz to 40 GHz
performance needed for today’s demanding radar and * Time resolution: 200 ps
communication applications. By incorporating advanced tech- ¢ Video bandwidth: 70MHz

nology from our flagship 4500B peak power analyzer, the e Rise time: <7ns

smaller, economically priced 4540 outperforms higher priced » Effective sampling rate (RSS): 5GSamples/second
competitors in many areas. It's fast update rate enables tun- e Statistical analysis including CCDF

ing high power amplifiers and processing large amounts of » GPIB, USB (device) and LAN standard

statistical data for CCDF measurements. Advanced trigger ) ) <o
For more information visit us at boonton.com or call

189 8=386-9696.

technology provides a rock solid view of fast rise time
signals and the wide dynamic range allows measuring low
duty cycle pulses. The 4540 power meter provides auto-
‘matic settings for a large number of technologies including
WCDMA, WiMAX, WLAN, Wi-Fi, LTE, and Radar.

Boonton: Redefining How You Use Power Meters.

Scan QR Code

4530 RF Power Meter Series 45008 RF Peak Power Analyzer 4240 RF Power Meter

(# Wireless Telecom Group Boonton

Boonton Microlab Noisecom
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