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High performance VNAs for any application

In the Lab \ On the Manufacturing Floor \ In the Field

With a wide variety of Vector Network Analyzers (VNAs) to suit your application and budget,
Anritsu has the perfect solution to your VNA needs.

From RF to THz and value to high performance, Anritsu allows you to select the right VNA for
you. Designers can choose the VectorStar® family for premium measurement performance
while manufacturers can utilize the ShockLine™ family for speed and cost-effectiveness.

Our extensive range of VNAs now includes the NEW 2 or 4-port ShockLine performance
line (with NEW E-band option) and the world’s first 40 GHz USB VNA.

No matter what your application, Anritsu has your VNA needs covered.
Learn more: www.goanritsu.com/MWRFVNA

1-800-ANRITSU /l n ri tSU

www.anritsu.com ..
© 2016 Anritsu Company envision:ensure
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Ideal for use in Bias Tees, Coilcraft conical inductors offer

flat bandwidth and high impedance to 40 GHz

Coilcraft BCL/BCR Series conical induc-
tors operate across a frequency range of 10
MHzto40GHz, lettingyoureplaceaseries
of narrow band inductors with one part.

Bothseriesprovide excellentreturnloss
and insertion loss. Their unique conical
shape optimizes the effects of capacitance,
maintaining high impedance across your
frequency spectrum.

\&/ wilcrafidirect.com /
@® @ No min ord

n order. Next day delivery.

WWW.COILCRAFT.COM

Choose from a rugged, surface mount
package or our flying lead configuration.
And for applications below 6 GHz,
try our high current 4310LC
wideband bias choke.

Learn more and order your
free evaluation samples
by visiting us online at:
coilcraft.com/conicals.
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Explore the limits.
T&M solutions for
aerospace and defense.

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

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

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

www.rohde-schwarz.com/ad/sat/fsw

R&S®FSW signal and spectrum analyzer

1 Models up to 85 GHz

1 Up to 2 GHz analysis bandwidth

1 Real-time analysis up to 160 MHz bandwidth

1 Pulse parameters at a fingertip

1 Unmatched low phase noise of =137 dBc (1 Hz)
at 10 kHz offset (1 GHz carrier)
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. L-3 NARDA-MITEA... ]
THE ULTIMATE AMPLIFIER SOURCE

narda@mir=a

The Largest and Broadest Amplifier Selection

L-3 Narda-MITEQ offers more amplifier solutions than any other company. With over 60 years of
experience and an extensive, diversified amplifier design library, we can meet or exceed your specific
requirements quickly. We are the proven source for standard and customized amplifier solutions,
offering more than 10,000 catalog products. Providing everything from design to production, we are
ready to meet your most complex challenges. When your next project demands an amplifier with a
proven track record, count on L-3 Narda-MITEQ - your best resource for amplifier solutions.

Learn more about all we have to offer by visiting us at nardamiteq.com or call us at (631) 231-1700.

Narda-MITEQ n m L-3com.com
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ONE PLATFORM, ZERO BARRIERS

SIMPLY
SMARTER

NI AWR DESTGN"ENVIRONMENT

NI AWR Design Environment™ s one platform—
integrating system, circuit, and electromagnetic
analysis — for the design of today’s advanced
wireless products from base stations to
cellphones to satellite communications.
Its intuitive use model, proven simulation
technologies, and open architecture supporting
third-party solutions translates to zero barriers

for your design success. Simply smarter design.

Learn more at ni.com/awr

‘7 NATIONAL
’ INSTRUMENTS'

Microwave Office | Visual System Simulator™ | Analog Office | AXIEM | Analyst"

©2016 National Instruments. All rights reserved. Analog Office, AXIEM, e Office, National Instruments, NI, and ni.com are trademarks of National Instruments. Other product and company names listed are trademarks or trade names of their respective companies.
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RF MEASUREMENT MODULARITY REDEFINED

The second generation of a vector signal transceiver (VST) module
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METAMATERIAL ENHANCES MICROSTRIP ANTENNA GAIN
Single and multiple layers of metamaterials formed as lenses can
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of compact microstrip anfennas.
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FLEXIBLE PIFA ANTENNA SERVES MULTIPLE WIRELESS BANDS

Fabricated on flexible textile material, this planar inverted F antenna provides
versatile wireless communications coverage by handling several frequency
bands with a compact form factor.
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NEXT GENERATION
POWER AMPLIFIERS

40-75% size
reduction

Rack Mount System Features

Frequency coverage up to 6 GHz
Selectable Output Power Control
Selectable Operating Modes
Selectable Input/Output Detectors

LXI Optional
Built in Web Server

VVVVVVV

wl 1(310)412-8100

wd www.EmpowerRF.com

Upgradable to Future Modulation Standards

Modules available from stock
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BETTER COMMUNICATION SOLUTIONS N
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Public Safety Satcom, mmWave Aeronatutical/Space AMER, EMEA,
& Military Transportation &D.AS
MECA 5G Products & Equipment
MECA Electronics designs and manufactures an extensive line of QMA, Reverse Polarity SMA, TNC and various mounting
RF/Microwave Equipment and Components with industry leading solutions. Since 1961 MECA Electronics (Microwave Equipment &
performance including D.A.S. Equipment, Low PIM Products, Components of America) has served the RF/Microwave industry
supports 5G & Millimeter-Wave, Power Dividers & Combiners, with equipment and passive components covering Hz to 40 GHz.
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF MECA is a privately held ISO9001:2008 Certified, global designer
Terminations, Circulators/Isolators, DC Blocks & Bias Tees, Adapters  and manufacturer for the communications industry with products
& Jumpers. Models available in industry common connector styles:  manufactured in the United States of America We stock products

N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & 4.3/10.0 DIN as well as so that you do not need to.

Low PIM & D.A.S Equipment

R
Dr. D.A.5.% Prescribes...

Products in STOCK when you need it!

Attenuators/Terminations

Circulators/lsolators
Directional Couplers/Hybrids

MECA Electronics, Inc.

Microwave Equipment & Components of America
The Professional's Choice for RF/Microwave Passive Components
e-MECA.com 459 E. Main St., Denville, NJ 07834 b fF & in t
Since 1941 Tel: 973-625-0661 + Fax: 973-625-9277 + Sales@e-MECA.com =
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MACOM GaN...Delivered

Enabling RF Energy with Leading Efficiency & Gain

MACOM GaN Delivers Outstanding Performance

Power Amp Efficiency “>2GHz”

Power Density

Matching

Supply Chain

Cost

Support all ISM Brands

LDMOS MACOM GaN on Silicon

-
e ew
ECC—

Limited to 2.45 GHz N1 N TRTET-L 1 8% W e}

Benefits

Lower Operating Costs, Simpler Cooling

Smaller Footprint and Lower Costs

Time-to-Market and Smaller Footprint

Capacity and Surge Capability

Competitive Bill of Materials

Broader Choice for Your Applications
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F" _— " Industrial Cooking

Industrial Drying

Medical Tumor Ablation

Qualified for basestation applications, over 1 million
GaN on Si parts shipped, and industry’s first 300 watt
2.45 GHz RF Power Device offering

Only MACOM has taken GaN mainstream by combining an
industry-leading RF portfolio with strong partnerships and unrivaled
applications expertise. For nearly five decades, our engineers have
been redefining RF power and are successfully applying their

GaN ingenuity in commercial, ISM and wireless.

Leading manufacturers in a wide range of industries
are now leveraging MACOM GaN in an array of form
factors to realize cost, bandwidth, power density
and efficiency advantages.

» Power levels from 2 —1000 W
> Frequencies from 890 MHz - 2.45 GHz
MACOM’s MAGe-102425-300 > Packages from QFN to TO-272 to ceramic

enables RF energy solid state
MACOM.

cooking.
Partners from RF to Light

/ | Learn more and get datasheet:
Visit us at EUMW Booth 207 www.macom.com/gan
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ACCESSORIES ADD
UP TO BETTER
MEASUREMENTS

http://mwrf.com/blog/accessories-add-better-measurements

Purchasing a test instrument is a major investment, and mea-
surements don’t begin and end with the instrument—they may
also depend on such things as instrument cables. In his latest
blog, Tech Editor Jack Browne asks, “What kind of test acces-
sories can be beneficial, and why?”

http://mwrf.com/active-components/infineon-buys-crees-
wolfspeed-gallium-nitride-devices

In a surprise reshuffling of the market for advanced semicon-
ductor materials, Infineon Technologies announced that it has
agreed to buy Wolfspeed, the former division of Cree that
makes power and radio frequency chips. What will that mean
for the semiconductor market?

10
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http://mwrf.com/materials/what-s-difference-between-gan-and-
gaas

GaN has emerged as the leading semiconductor material for
high-power microwave switches and amplifiers, although
GaA:ss is still the material of choice for low noise.

/

J f
Courtesy of Thinkstock Images

RADAR REACHES NEW TERRITORIES

http://mwrf.com/systems/radar-technology-encroaches-up-
on-new-territories

As radar systems utilize more advanced technology, companies
must respond with the simulation and test products needed to
both design and test modern radar systems.

join us online!-! &3

twitter.com/MicrowavesRF  facebook.com/microwavesrf
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[t your 5G idea works here...

saaeas &4

Autonomous vehicles navigating through
traffic. Hands free.

Soon it will be reality. A world connected as never before.
Always available. Low latency. Ultra reliable. That’s the
promise of 5G. New spectrum. New waveforms. Millimeter-
waves. More. Keysight offers the world’s first 5G simulation,
design and test environment able to emulate your real-
world bG wireless thesis. With deep expertise to help you
navigate 5G risk and complexity. So you can go from 5G
ideas to bG reality faster.

HARDWARE + SOFTWARE + PEOPLE =5G INSIGHTS

5 G Get the latest app notes,

white papers and tutorials KEYSIGHT

www.keysight.com/find/5G-Insight TECHNOLOGIES

USA: 800829 4444 CAN: 877 894 4414 Unlocking Measurement Insights

© Keysight Technologies, Inc. 2016

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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_Mini-Circuits
Trivia Game

WIN AN iPad°®

Visit Booth 215
at EDI CON to enter!

Programmable

ATTENUATORS

0t0120dB 0.25dB Step* 1108000MHzt 108395
FEATURES Perfect for...

e 0-30,60,63,90,110,and 120dB e Fading simulators

e USB, Ethernet & RS232 control options e Handover system evaluation
e User-friendly GUI and DLLs included e Automated test equipment
e Sweeping and hopping capability ¢ And MORE!

e Available from stock!

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today and have them on your test bench as soon as tomorrow!

* Model RCDAT-3000-63W2+ specified step size 1dB
" Model RCDAT-3000-63W2+ specified from 50 —3000 MHz; 120 dB models specified from 1— 4000 MHz
' No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

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

523 RevGEDI
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Editorial

CHRIS DEMARTINO
Technical Editor

chris.demartinol@penton.com

5G Prepares for Takeoff

ast year, I wrote a column titled “Looking Ahead to 5G,” which discussed the
great expectations that many have for the standard—never mind the fact its
details were (and still are) yet to be determined. Recently, however, major
news came forth from the Federal Communications Commission (FCC) that will
set the stage for 5G development. The FCC unanimously voted to open up nearly 11
GHz of high-frequency spectrum, unlocking frequencies above 24 GHz for future 5G
networks. This news means that the U.S. is the first nation to allow spectrum above 24
GHz to be available for 5G.

The unanimous voting opens up spectrum in the 28-, 37-, and 39-GHz frequen-
cy bands, as well as the unlicensed 64- to 71-GHz band. Following the announce-
ment, the Obama administration pledged its support, announcing a $400 million
research initiative. Led by the National Science Foundation (NSF), this initiative
seeks to build four city-scale advanced wireless testing platforms.

All of this news demonstrates why 5G is such a hot topic nowadays. The inter-
esting part of all of this is the fact that nobody exactly knows what the standard
will be. Although the news from the FCC is a major step toward 5G reality, much
work still needs to be done for 5G to actually be defined. Of course, everyone
wants faster speeds. But exactly how will 5G enable it? That question will need to
be answered.

One thing is clear: The RF/microwave industry is gearing up for 5G. Keysight
Technologies (www.keysight.com), for example, just introduced the Signal Opti-
mizer software, which is a tool for 5G candidate waveform signal creation and
analysis. The company’s 5G channel-sounding reference solution is another exam-
ple of Keysight’s focus on this area. Many other companies have their eyes on 5G,
as well. With all of the anticipation surrounding 5G, expect to continue hearing
many announcements in the days to come. [l

JOIN US ONLINE  twitter.com/MicrowavesRF
become a fan at facebook.com/MicrowavesRF [i

GO TO MWRE.COM

DETECTORS

FOR VERY

LOW SIGNALS

Direct Measurement of Microwave
Signals at -80 dBm or lower
over 1 t0 40 GHz

&) e

g @ g :
Y DTA1E2670A ~
SN 306579

W GHD

{)

MIN
FREQ TYP
MODEL | RANGE | OLTAGE | 1gg
(6Ho) SENSITIVITY (dem)
K (mvin)
DTA1-1860A 10 80
DTA1-1870A 1418 100 70
DTA1-1880A 1000 -80
DTA182660A 10 B0
DTA182670A | 1828 100 70
DTA1826804 1000 20
DTA264060A 10 B0
DTA2640704 | 26-40 100 70
DTA2640804 1000 80
DTA184060A 10 B0
DTA184070A | 1840 100 70
DTA1840804 1000 80
> Octave Band or Wide Band
> Options for TSS to -60 dBm,
-70 dBm, -80 dBm
> Very High Sensitivity
> Stable and Quiet Low 1/f Noise
Operation

> Extremely Fast Pulse Response
(1 nsec rise time typical)

> Matched Input for Low VSWR

> Flat Frequency Response

> Hermetically sealed package

> Removable connectors

Narrow Band models are also available

Other Products: Amplifiers, Comb
Generators, Limiters, Switches,
Impulse Generators, Integrated
Subsystems

Please call for Detailed Brochures

l Herotek I
u

155 Baytech Dr. San Jose, CA. 95134
PH: 408-941-8399 . FAX: 408-941-8388
E-Mail: info@herotek.com
Web Site: http.//www.herotek.com
Visa/MasterCard Accepted
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wn 100 Watt

AMPLIFIERS

w100 kHz 10 26.5 GHz

$

299

Mini-Circuits

Trivia Game

WIN AN iPad°®

Visit Booth 215
at EDI CON to enter!

ea.qty. (1-9) Model Frequency Gain  Pout @ Comp. $ Price*
(MHz) ~ (dB) 1dB 3dB  (Qty.1-9)
. . W W
Hllgh-ppwelred performancel across Wld.(? frequency ranges. NEW'ZHL-100W-272+  700-2700 48 (79) 120) 7995
Mini-Circuits’ class A/AB linear amplifiers have set a %3&”’32@353” 1388853880 1g55 O-g O-g %gg
. . -3W-83+ -
standard for wideband high-power performance ZVE-3W-183+ 590018000 35 2 3 1005
throughout the RF and microwave industry. Rugged and éﬂté‘wz‘éi gggggg gg ’g‘ ‘5‘ ]2;?8
rellable,l they feature oyer—voltage and over-temperature THLEW-2Gs 6002000 45 5 5 995
protections and can withstand opens and shorts at the ZHL-10W-2G+  800-2000 43 10 12 1295
. : : B ) ® ZHL-16W-43+ 1800-4000 45 12 16 1595
output! Available Wllth or without hgat sinks, they’re o ZHL-20W-13+ 204000 50 13 20 1308
perfect for demanding test lab environments and for ® ZHL-20W-13SW+  20-1000 50 18 20 1445
integrating directly into customer assemblies. With %{%ZJN . 250-8:%@20 ‘5‘8 ;g gg 1382
standard models covering frequencies from 100 kHz ZHL-30W-252+  700-2500 50 25 40 2995
i LZY-2+ 500-1000 47 32 38 2195
up to 26.5 G_Hz, chances are we have a sollupqn fqr B 051> a9 B 5o To0e
your needs in stock. Place your order on minicircuits. ® ZHL-50W-52+ 50-500 50 63 63 1395
com today for delivery as soon as tomorrow! Need a :é:ﬂgng\/g%& ggggg 22 gg 188 ;ggg
custom model? Give us a call and talk to our engineers THL100W-15+ 8001000 50 79 100 195
i i | ZHL-100W-352+ 3000-3500 50 100 100 3595
about your SpeC|aI reqwrements. ZHL-100W-43+  3500-4000 50 100 100 3595

Listed performance data typical, see minicircuits.com for more details.
® Protected under U.S. Patent 7,348,854
*Price Includes Heatsink

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com
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SUPER ULTRA WIDEBAND

AMPLIFIERS

$
up to +27 aBm output... 0.1t021GHzZ  iom 845 oa.

Ultra wide coverage and super flat gain make our ZVA family ideal Flectrical Specifications (-55 to +85°C base plate temperature)
for ECM, instrumentation, and test systems. With output power up Model F“Eg‘;'ezr)‘cy Sg)‘ ('ngnf’) ((;Efn) (Q‘g) (’°Q”t°ye1$;)
s . i , NE‘” 1
tp 0.5 Watt;, they’re simply some of the most gsable amplifiers you'll B A183WXs 0418 28:0 27 35 30 134500
find, for a wide range of applications and architectures! ZVA-183X+  0.7-18 261 24 33 30  845.00

ZVA-213X+ 0.8-21 26+2 24 33 3.0 945.00

All of our ZVA models are uncondlt|onally stable, rquedIy *Heat sink must be provided to limit base plate temperature.To order

constructed, and able to withstand open or short circuits at full with heat sink, remove “X” from model number and add $50 to price.
output. For more details, from data sheets to environmental ratings, Wideband Performance
pricing, and real-time availability, just go to minicircuits.com! 183W4
All models IN STOCK! 0 RoHS compliant
183+
213+
1 | 1 1 |
0.1 0.7 0.8 Frequency (GHz) 18 21

- - . - ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
440 rev SEDI
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corporation

specialized in Low Phase Noise
equency Sources since 1998.

of our new quieter PLDRO line.

9GHz PLDRORESIDUAL PHASE NOISE (cBo)

10 1000 10000 100000 1000000

| reference phase noise to
dBc/Hz @ 100 Hz @ 100 MHz
loop output

ency resolution +/- 0.001 Hz
1al reference stability

10 ppb

00 MHz External reference
ency: 10 MHz to 35 GHz

r output: +10 to +24 dBm
operating temperature

e: -55%to +85°

ous: <-90 dBc

ome your custom requirements.

offers the best performance and
eliability on the market.

1287 Forgewood Ave.
Sunnyvale, CA 94089
Tel: (408) 962-0895
Fax: (408) 743-5354
sales@nexyn.com

www.nexyn.com
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CERTIFIED

OCTAVE BAND LOW NOISE AMPI.IFIER;

Model No. Freq (GHz)  Gain (d8) MIN  Noise Figure (@B) Power-out@pids  3rd Order (P VSWR
CA01-2110 0.51.0 2 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA12-2110 1.0-2.0 30 1.0 MAX, 0.7 TYP  +10 MIN +20 dBm 2.0:1
CA24-2111 2.04.0 29 1.1 MAX, 0.95TYP  +10 MIN +20dBm  2.0:1
CA48-2111 4.0-8.0 29 1.3MAX, TOTYP  +10 MIN +20dBm  2.0:1
(A812-3111 8.0-12.0 27 1.6 MAX T.4TYP  +10 MIN +20dBm  2.0:1
CA12184111  12.0-18.0 25 T9MAX 1.7TYP  +10 MIN +20dBm  2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 25TYP +10 MIN +20dBm  2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA0T-2111 0.4-0.5 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA01-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3117 1.2-1.6 25 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A23-3111 2.2-24 30 0.6 MAX, 0.45TYP  +10 MIN +20 dBm 2.0:1
(A23-3116 2.7-2.9 29 0.7 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA34-2110 3.7-4.2 28 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5TYP  +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0TYP  +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2TYP  +10 MIN +20 dBm 2.0:1
(A13153110  13.75-15.4 25 1.6 MAX, 1.4TYP  +10 MIN +20 dBm 2.0:1
(A12-3114 1.35-1.85 30 4.0 MAX, 3.0TYP  +33 MIN +41 dBm 2.0:1
(A34-6116 3.1-35 40 4.5 MAX, 3.5TYP  +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0TYP ~ +30 MIN +40 dBm 2.0:1
CA812-6115 8.0-12.0 30 4.5 MAX, 3.5TYP  +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0TYP  +33 MIN +41 dBm 2.0:1
CA12137110 12.2-13.25 28 6.0 MAX, 55TYP  +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX, 40TYP  +30 MIN +40 dBm 2.0:1
(A1722-4110 17.0-22.0 25 3.5 MAX 2.8 TYP  +21 MIN +31 dBm 2.0:1
ULTRA-BROADBAND & MULTI-OCTAVE BAND AMPLIFIERS
Model No. Freq GHz2)  Gain (@8) MIN  Noise Figure (@8)  Power -out @P1d8 3rd Order ICP VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN 0 dBm 2.0:1 =
CA0106-3111 0.1-6.0 28 1.9 Max, 1.5 TYP +10 MIN +20 dBm 2.0:1 —
CA0108-3110 0.1-8.0 26 2.2 Max, 1.8 TYP +10 MIN +20 dBm 2.0:1 ——
CA0108-4112 0.1-8.0 32 3.0 MAX, 1.8 TYP +22 MIN +32 dBm 2.0:1 —
(A02-3112 0.52.0 36 4°5 MAX, 2.5 TYP +30 MIN +40 dBm 2.0:1 —
(A26-3110 2.0-6.0 26 2.0 MAX, 1.5 TYP +10 MIN +20 dBm 2.0:1 '
CA26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA618-4112 6.0-18.0 25 5.0 MAX, 3.5 TYP +23 MIN +33 dBm 2.0:1
CA618-6114 6.0-18.0 35 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1 =
CA2184116 2.0-18.0 30 3.5 MAX, 2.8 TYP +10 MIN +20 dBm 2.0:1 —
CA2184110 2.0-18.0 30 5.0 MAX, 3.5 TYP +20 MIN +30 dBm 2.0:1 —
(A218-4112 2.0-18.0 29 5.0 MAX, 3.5 TYP +24 MIN +34 dBm 2.0:1
LIMITING AMPLIFIERS
Model No. Freq GHz  Input Dynamic Range  Output Power Range Psat  Power Flatness dB - VSWR E=
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 fo +11 dBm +/-1.5MAX  2.0:1
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 to +18 dBm +/-1.5MAX  2.0:1 ==
(lA712-5001 7.0-12.4  -21to+10 dBm +14 t0 +19 dBm +/-1.5MAX  2.0:1
(lA618-1201 6.0-18.0  -50 to +20 dBm +14 to +19 dBm +/-1.5 MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq GHz)  Gain (dB) MIN  Noise Figure (@)  Power-out@P148 Gain Attenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3. +12 30 dB MIN 2.0:1
CA05-3110A 0.55.5 23 2.5 MAX, 1.5TYP  +18 MIN 20 dB MIN 2.0:1
CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 2.5 MAX, 1.5TYP  +12 MIN 15 dB MIN 1.9:1
CA1315-4110A 13.75-15.4 25  2.2MAX 1.6 TYP  +16 MIN 20 dB MIN 1.8:1
CA1518-4110A 15.0-18.0 30 3.0MAX, 2.0 TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq GHz  Gain (@8) MIN  Noise Figure dB  Power-out@pi8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20dBm  2.0:1
CA001-2211  0.04-0.15 24 3.5 MAX 2.2 TYP +13 MIN +23dBm  2.0:]
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33dBm  2.0:]
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0
(A002-3114  0.01-2.0 27 4.0 MAX, 2.8 TYP +20 MIN +30dBm  2.0:1
CA003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35dBm  2.0:]
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25dBm  2.0:1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing. A "
Visit our web site at www.ciaowireless.com for our complete product offering. wireless

Ciao Wireless, Inc. 4000 Via Pescador, (qmm:ill:l'oi CA 93012
Tel (805) 389-3224 Fax (805) 389-3629 sales@ciaowireless.com
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Feedback

DON’T MISPLACE

THOSE DECIMAL POINTS

I apologize if I am adding to a stream
of e-mails to you saying the same thing.
In the July issue of Microwaves ¢ RF,
you wrote a piece, “Whats the differ-
ence between GaN and GaAs,” meant
to be an engineering comparison of two

of the more popular high-frequency
semiconductor materials. In that piece,
you wrote “GaN also has a much higher
relative dielectric constant, at 9.0, than
that of GaAs, at 1.28, allowing for fabri-
cation much higher-valued capacitors”
In truth, GaAs has a higher dielectric
constant than GaN, at about 12.9 and

Microwave Multi-Octave

PowerDividers

L

Power Freq. Range Insertion Isolation Amplitude Model

Division (GHz) Loss (dB) (dB) Balance Number
2 1.0-27.0 215 15 0.5dB PS2-51
2 0.5-18.0 1.7 16 0.6 dB PS2-20

5-40 GHz 1-5 GHz

2 1.0-40.0 2.8 13 10 0.6 dB PS2-55
2 2.0-40.0 25 13 0.6 dB PS2-54
2 15.0-40.0 1.2 13 0.8dB PS2-53
2 8.0-60.0 2.0 10 1.0dB PS2-56
2 10.0-70.0 2.0 10 1.0dB PS2-57
3 2.0-20.0 1.8 16 0.5dB PS3-51
4 1.0-27.0 4.5 15 0.8dB PS4-51
4 5.0-27.0 1.8 16 0.5dB PS4-50
4 0.5-18.0 4.0 16 0.8dB PS4-17
4 2.0-18.0 1.8 17 0.5dB PS4-19
4 15.0-40.0 2.0 12 0.8dB PS4-52
8 0.5-6.0 2.0 20 0.4 dB PS8-12
8 0.5-18.0 7.0 16 1.2dB PS8-16
8 2.0-18.0 2.2 15 0.6 dB PS8-13

10 to 30 watts power handling, visit website for complete specifications.
SMA and Type N connectors available to 18 GHz.

PULSAR

MICROWAVE

CORPORATION

© www.pulsarmicrowave.com

48 Industrial West, Clifton, NJ 07012 | Tel: 973-779-6262 - Fax: 973-779-2727 | sales@pulsarmicrowave.com
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not 1.28, and you don’t make high-value
capacitors with the base substrate as the
dielectric material.
ANDY HUGHES
SOLUTIONS ARCHITECT—
NORTHEASTERN U.S. & CANADA
NATIONAL INSTRUMENTS
(AWR Grour)
EDITOR’S NOTE
We always appreciate your feedback,
Andy—don’t ever be shy about writing.
Yes, I was trying to point out some
quick differences between GaAs and
GaN and, as you noted, couldn’t cover
all the ground. In looking at the mistake
you pointed out, I realized that even the
best spell-checking software can't make
up for tired typing fingers. It was a case
of my jotting down specifications about
GaN and GaAs substrate materials and
putting the decimal point in the wrong
place: What should have been printed
as 12.8 came out as 1.28 in my initial
notes, leading me to report the incor-
rect value in the final story.

My apologies to you and to all our
readers, and my gratitude to you for
taking the time to point out the error.
This kind of interaction with readers
is invaluable to any editor; it helps to
make us more careful in the future,
and try to do better jobs. As the story
pointed out, there are many differences
between GaN and GaAs, but dielectric
constant was not one of them.

JACK BROWNE
TECHNICAL CONTRIBUTOR

Microwaves & RF welcomes
mail from its readers.
The magazine reserves
the right to edit letters
appearing in “Feedback.”
Address lefters to:
Jack Browne
Technical Contributor
jack.browne@penton.com

Nancy Friedrich
Content Director
nancy.friedrich@penfon.com
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- Upgrade
Your Mixer

2GHz-14GHz,0dBm LO Drive

The LTC5549 microwave mixer upgrades your transmitter and receiver performance with a +22.8dBm IIP3 at 12GHz.
Its 0dBm LO drive and an on-chip frequency doubler eliminate the need for an external LO power amplifier and allow
use of commonly available low frequency PLL/synthesizers, reducing power consumption and solution costs — all in
a tiny 3mm x 2mm package that keeps your solution size small.

Demo Board WV Info & Free Samples
£

¢ +22.8dBm IIP3 at 12GHz Bt www.linear.com/product/LTC5549

¢ 0dBm LO Drive 1-800-4-LINEAR

e Upconversion or Downconversion

¢ _EOdBm LO Leakage L7,4 LT, LTC LTM, Lz‘nearvTechnoIogy and the Linear logo are
o Tiny 3mm x 2mm Package ot ademirts o he roverty of e e owers.
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SAMSUNG MAKES STRIDES
in Shrinking 5G Antennas

sung Electronics said it has made smaller and more

ficient parts for fifth-generation, or 5G, wireless net-

tackling one of the trickier problems with new wireless

standards. The new parts include miniaturized antennas and

power amplifiers, both of which can be used inside 5G base sta-
tions and devices like smartphones.

The new parts underline the two-front battle that chipmakers
and wireless equipment makers are fighting to develop not only
5G standards, but also the hardware to exploit it. 5G could prove
fast enough to download entire movies in seconds or replace
fiber optics in linking access points to the internet.

“We are very focused on developing technologies that
improve and accelerate the realization of a new generation of
mobile networks and devices,” said Paul Kyungwhoon Cheun,
who directs 5G projects as the executive vice president of Sam-
sung’s Next Generation Business division.

In a statement, the South Korean chipmaker described the
new devices as “5G-ready; but declined to say when they might
be available. According to Samsung, the antennas and power
amplifiers work with 28-GHz millimeter waves, which analysts
believe will be a major channel for data flowing through 5G.

The new antennas combine dozens of elements into a module
less than 1 mm thick, making them ideal for small-cell base sta-
tions and user devices like smartphones or tablets. Driving each
antenna are the new power amplifiers, which can double the
output power of signals over earlier parts. According to Sam-
sung, they are also around 50% more power-efficient than other
prototypes made for 5G.

According to Kungwhoon Cheun, the devices have to be
small and highly efficient in order to work with 5G infrastruc-
ture. Since millimeter waves can only travel short distances

(continued on p. 26)

Samsung engineers, in 2013, set up tests for the chipmaker’s early 5G equipment. More recent advances have produced smaller and more

efficient parts for 5G wireless networks. (Image courtesy of Samsung)
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FACEBOOK'S TINY CELL STATION

Eyes the Remote and Rural

FOR YEARS, FACEBOOK has handed out
its software to developers in attempts to
quickly refine its internet services. But the
social media company has also used this
open-source model to steer hardware
markets in new directions. Its efforts
began in 2012 with the Open Compute
Project, in which Facebook shared its cus-
tom server designs with hardware makers
like Intel and Hewlett-Packard.

By partnering with hardware and cloud
computing companies, Facebook bet
that the new equipment would be easier
to reprogram and to expand its sprawl-
ing data centers. Lately, Facebook has
applied this model to wireless hardware,
in an attempt to bring cellular and internet
service to remote locations that might not
have access to the social media site.

Facebook recently revealed the plan’s
latest building block: a new device
calledOpenCellular that allows wireless
carriers to bring connectivity to places
lying outside the reach of cell towers. The
small device, which can be attached to
telephone poles or tree trunks, contains
processors and storage capacity to sup-
port wireless networks.

According to Facebook, the hardware
inside can support anything from simple
2G cellular networks to significantly faster
4G and Wi-Fi services. The device con-
tains a general baseband computing sys-
tem, in addition to radio hardware with an
integrated RF front-end. With both parts,
OpenCellular can be configured as an
access point—or a cellular network that
lets people make local calls and texts.

According to Facebook, the new device
is aimed at extending broadband service
to the roughly 4 billion people isolated
from the internet at the end of 2015. The
company estimated that about 10% of the
world’s population lived outside the range
of cellular connectivity in 2015.

“One of the reasons the expansion of
cellular networks has stalled is that the
ecosystem is constrained,” said Kashif
Ali, an engineer working on the project,

GO TO MWRE.COM

in a blog post. OpenCellular, on the other
hand, includes “architectural and design
improvements that would result in lower
costs associated with the civil and support
infrastructure.”

It almost resembles a small cell, said
Sue Rudd, an analyst at research firm
Strategy Analytics, who has followed
Facebook’s and Google’s wireless
projects. Though the equipment itself
might be lower in cost and more energy-
efficient, she said, the biggest cost lies in
the infrastructure surrounding the device
and the task of connecting mobile phones
to the internet.

The OpenCellular device. (Image courtesy of
Facebook)

Traditional wireless carriers have
eschewed rural towns and villages pre-
cisely for that reason. The cost involved
with building infrastructure can make serv-
ing these places unaffordable. Instead,
wireless carriers and equipment makers
like Ericsson and Huawei have typically
focused on improving service in cities and
heavily populated areas.

OpenCellular stands out because it will
be freely available to developers. Face-
book said that members of its Telecom
Infra Project, which aims to develop new
kinds of wireless hardware with telecom-
munications companies, will have access
to the device. Some of the largest wireless
carries in Germany and Korea, in addition
to equipment maker Nokia Networks,
have signed onto the project. If these
companies make OpenCellular part of

(continued on p. 24)

U.S. REGULATORS OPEN
New Millimeter Wave
Spectrum

THE WIRELESS INDUSTRY is lighting a fire
underneath the Federal Communications
Commission (FCC) to open more spec-
trum for fifth-generation, or 5G, wireless
networks. The influence of wireless com-
panies, which are testing 5G systems out
in the field, is obvious in its latest spec-
trum auction. The agency is trying to raise
around $84.6 billion for broadcast tele-
vision spectrum repurposed for mobile
communications.

Now the agency is opening spectrum
never used before. In July, it approved a
proposal that will break ground in fre-
quency bands above 28 GHz, which are
also known as millimeter waves. Regu-
lators voted unanimously in favor of the
new rules.

Wireless carriers, chipmakers, and
equipment manufacturers are pil-
ing into the millimeter wave spectrum.
In cities, researchers are using high-
frequency bands and small cells to send
data into mobile devices, instead of the
low-frequency bands and large cell sta-
tions driving 4G networks. The higher-
frequency bands are enabling faster
response times, capacity to support mas-
sive amounts of devices, and download
speeds over 10 times faster than 4G.
Among the services possible with 5G net-
works are video streaming for virtual and
augmented reality and connecting bil-
lions of devices in the Internet of Things.

The rule-making is the latest attempt
by regulators to keep pace with 5G test-
ing in the United States. Last month, for
example, Sprint tested a wireless network
with 4 gigabit per second downloads at
the Copa America soccer tournament in
Philadelphia. Verizon has already com-
pleted its 5G radio specification, while
Samsung is making millimeter-wave parts
for smartphones and cellular equipment.
The first networks that the average person
can access are expected in 2020.

According to the new rules, nearly 11
GHz of high-frequency spectrum will be
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opened for mobile and fixed wireless
broadband. The licensed bands include
27.5 to 28.35 GHz, 37 to 38.6 GHz, and
38.6 to 40 GHz. The rules also introduced
a new band of unlicensed spectrum
between 64 and 71 GHz.

“By opening up these higher-frequen-
cy bands, we are making available over
four times the total amount of licensed
spectrum currently available for mobile;
Tom Wheeler, the FCC chairman, said
in a statement. The new spectrum bands
are 200 megahertz in width, as opposed
to current blocks of low-band spectrum,
which are usually 5 to 10 megahertz wide.

The new rules make the United States
the first country to open millimeter-wave
spectrum, the agency said. The rules
are more flexible than those established

for 4G networks, allowing companies
to share spectrum for fixed and mobile
broadband, as well as satellite and ground
communications. “We are setting flex-
ible rules that will allow the market to
best determine how the technology will
evolve, without having to ask our permis-
sion,” Wheeler said. “Without question,
5G is a national priority”

While the voting was unanimous, sev-
eral members voiced reservations. For
example, commissioner Michael O'Reilly
was not satisfied with the amount of
spectrum released. “I sought to include
more bands,” he said, citing bands 40-42
GHz, 42.5 to 43.5 GHz, and 45.5 to 47
GHz in his testimony.

Following the vote, the U.S. govern-
ment said that it would establish the

Advanced Wireless Research Initiative,
which will have $400 million in funding.
The program will get $50 million over
the next five years from the National Sci-
ence Foundation and wireless technology
companies including Qualcomm, Intel,
and Keysight Technologies. The National
Science Foundation will commit another
$350 million over the next seven years in
wireless research.

The funds will be applied to test sys-
tems in four cities around the United
States. Each system will include a net-
work of software-defined radio antennas,
which will mimic existing cellular infra-
structure. With the systems, researchers
and wireless companies will be able to
test and refine wireless components and
software algorithms. ™

NARROWBAND IOT STANDARD Gets Stamp of Approval

FOR YEARS, the 3G Partnership Project has faced skepticism
about its role within the Internet of Things and how it might
approach the difficult task of connecting millions of simple
wireless devices. More recently, though, the organization has
defied the suggestion that cellular networks are not meant for
tiny electronic devices, buckling down on standards that are
gentler on the batteries inside sensors and other electronics.

Those efforts are finally bearing fruit, with the organization
recently saying that it has finished laying out a new wireless
IoT standard. The new technology is known as Narrowband-
IoT and joins several others under the umbrella of the 4G LTE
specification.

-
-
-
-
-
-
-—
-
=

(Image courtesy of Monicaodo, Thinkstock)
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Though it uses the same spectrum and signal processing
technology, Narrowband-IoT makes an important change to
its underlying cellular standard. NB-IoT is not designed to dive
into broadband channels and to enable services like streaming
video or sending text messages to smartphones. The broadband
channels are wide enough to transmit multiple signals over the
same path, whereas NB-IoT exploits narrowband channels that
handle fewer signals and very small amounts of data.

With fewer bits streaming into narrowband channels, devices
consume less power. On average, a five-watt battery will last
10 years transmitting data according to NB-IoT instructions,
though both the number of devices on the network and the cov-
erage area will affect lifespan. The capacity of NB-IoT is about
50,000 devices.

According to the 3GPP, the most significant feature is that
existing radios can be configured to support NB-IoT with a sim-
ple software upgrade. At least 12 major wireless carriers, equip-
ment makers, and chipmakers—from AT&T and China Mobile
to Ericsson and Qualcomm—are already testing NB-IoT.

The industry was only slightly divided over the standard’s
operation. Wireless carriers and chipmakers lined up behind
two major proposals: the first was called Narrowband LTE
and found support among Ericsson, Intel, Nokia, and Verizon.
Huawei and China Unicom backed the rival standard, also
known as Narrowband Cellular IoT (CIoT).

After the proposals were submitted last September, the 3GPP
wasted little time. According to Dino Fiore, the chairman of the
3GPP, it took only nine months to render down the proposals
and write NB-IoT into the latest version of LTE, also known as
Release 13. The new standard is now “frozen” and only minor
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Directional/Bi-Directional

COUPLERS

Mini-Circuits
Trivia Game

WIN AN iPad®

Visit Booth 215
at EDI CON to enter!

5kHzto18 GHz up to 250W ronm 955((1@/. 1000)

\~\°‘N\ Looking for couplers or power taps? Mini-Circuits has
475 326 models in stock, and we're adding even more! Our
versatile, low-cost solutions include surface-mount
models down to 1 MHz, and highly evolved LTCC
designs as small as 0.12 x 0.06", with minimal insertion

At the other end of the scale, our new connectorized
air-line couplers can handle up to 250W RF input power,
with low insertion loss and exceptional coupling flatness!
All of our couplers are RoHS compliant. So if you need
a 50 or 75Q, directional or bi-directional, DC pass or DC

loss and high directivity. Other SMT models are designed
for up to 100W RF power, and selected core-and-wire
models feature our exclusive Top Hat® for faster,
more accurate pick-and-place.

block coupler, for military, industrial, or commercial
applications, you can probably find it at minicircuits.com,
and have it shipped today!
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The Largest Selection
of Waveguide
Components For
Same-Day Shipping

Waveguide Bandpass
Filters

Waveguide
Detectors

Waveguide
Sections

S

Waveguide
Terminations

Waveguide Standard
Gain Horns

Waveguide Variable
Attenuators

Waveguide to Coax
Adapters

Waveguide Up/Down
Converters

* Frequencies from L-band to W-band
* Leading Edge Performance

* Sizes from WR-10 to WR-430

* High Precision Machining

* Multiple Flange Styles

* All In-Stock and Ready to Ship
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changes will be considered, he said.

NB-IoT is not the only cellular standard
to be completed this year. The second is
called Cat-M1, an evolution of an earli-
er standard known simply as Cat-1. The
standard thinned out its channels and data
rate by eschewing support for voice and
mobile devices. Sending a single mega-
bit per second over 1.4-MHz channels,
Cat-M1 is meant to connect machines, like
tiny sensors that monitor everything from
industrial equipment to parking spaces in
a garage.

NB-IoT emphasizes many of the same
qualities. To limit power requirements,
both standards allow devices to commu-
nicate with cell stations on how often to
wake up and listen for signals. Unlike its
close relative, it is severely economical,
with data rates of 10 kilobits per second
over 200 kHz narrowband channels.
NB-IoT also contains support for mobile
applications, such as thermal sensors in a
refrigerated truck to monitor frozen fish.

The threat from other low-power net-
works—including new versions of Wi-Fi
and Bluetooth, along with proprietary net-
works from LoRa and Sigfox—will likely

result in a prolonged battle with NB-IoT.
But some analysts think that the new cellu-
lar standards will share the airwaves with
other networks rather than replace them.

NB-IoT has the benefit of a “high link
budget for maximum coverage extension,
low cost, and ability to reuse existing LTE
networks with carrier grade reliability and
security;” said Nick Marshall, an analyst
with ABI Research. But it might also be
overkill for certain IoT devices with lighter
workloads, like electronic tags or sensors
embedded in parking garage spaces.

Others predict that NB-IoT will become
the dominant force in the Internet of
Things. “NB-IoT will crush Sigfox and
LoRa because it means there will be no
need for them,” Matt Beal, Vodafone’s
director of innovation and architecture,
said in a recent interview with communi-
cations news site Light Reading.

Several chipmakers are already using
NB-IoT. In February, Sequans said that it
was working on its chipset (called Mon-
arch) for both standards. And earlier this
month, uBlox said that it would release
the first NB-IoT module toward the end
of this year. @

FACEBOOK'S TINY CELL STATION
(continued from p. 21)

their networks, Facebook might be able to
reach new users of its internet service.

Other companies have found ways to
extend connectivity to the backcountry.
Huawei, for instance, has declined to join
the Facebook project, electing instead to
support its WTTx system, which creates
the equivalent of a wireless fiber optic cable
and works with low-cost equipment. In
2014, Nokia Networks developed an early
precursor to OpenCellular, referred to as a
network-in-a-box.

The question for Facebook is whether
wireless carriers will sell users proprietary
equipment or an OpenCellular device.

Facebook is not immune from the
problem of making long-range links to the
internet. OpenCellular still needs a power
source and a fiber optic connection. But
Facebook has been working separately on

wireless backhaul, using an antenna array it
calls ARIES.

Facebook planned for average people,
and not an engineer, to install OpenCellular
terminals. The device is small enough that
someone can easily bolt it onto a telephone
pole or building. It will also have an open-
source operating system that can monitor
and run the system remotely if technical
experts are not available.

“The hardware was designed with sim-
plicity in mind, to encourage people to
deploy their own cellular networks,” said Ali.
“Many people might not realize that running
their own cellular networks is not only pos-
sible, but also doesn’t require substantial
technical expertise.”

Facebook has been testing OpenCellular
in its laboratory. The company’s engineers
were able to send and receive SMS mes-
sages, make voice calls, and support basic
connectivity using 2G service. The company
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SAMSUNG MAKES STRIDES

(continued from p. 20)

before being absorbed by the atmosphere or blocked by walls,

urban networks will have to be built with thousands of small

cells on walls and utility poles. The small cells, which will blan-

ket areas with coverage, will require tiny antenna components.
In addition, because of the high throughput of 5G networks,

power amplifiers inside small cells and mobile devices must be

extremely efficient, in order to keep the cost of signal processing

low. Power amplifiers are the main source of power consump-
tion in radios.

Over the last few years, making smaller and more efficient
parts has taken a back seat to refining how 5G will ride the
airwaves. Wireless companies are still ironing out the standard,
which will not be completed until around 2019.

The result is that most equipment for diving into 5G net-
works is bulky and unwieldy, in stark contrast to the small
devices and small cells that are rapidly

FASTER, QUIETER, SMALLER

SIGNAL SOURCES

QUICKSYN SYNTHESIZERS

Design smaller and more efficiently
with National Instruments QuickSyn
synthesizers. The revolutionary phase-
refining technology used in QuickSyn
synthesizers enables blazing fast
switching speeds, very low spurious
and phase noise performance, wide

frequency range, and small footprint.

ni-microwavecomponents.com/quicksyn

W7 NATIONAL e
¥ INSTRUMENTS

© 2016 National Instruments. All rights reserved.

forming the backbone of 5G networks.
Increasingly, wireless companies are
concerned that not being able to make
smaller parts could delay actual 5G
service to mobile users. 5G could be
deployed as early as 2020.

Chipmakers and wireless equipment
makers are trying to prevent what hap-
pened with 4G LTE wireless technol-
ogy. The first networks were installed
in Europe in 2009, but the first devices
to access these networks were wireless
modems, not smartphones, which did
not arrive until 2011. That was anoth-
er year after 4G LTE became available
in the United States.

“Up until now, trial equipment has
been fairly large, including the cabinet-
sized base stations and user devices that
must be mounted on the top of a vehicle
[for testing],” said Cheun. Last month,
for example, Samsung tested small-
cell handovers with user equipment
bolted on top of a sport utility vehicle.

The new parts are the latest sign that
companies are starting to work on more
than the air interface. In February, for
example, Ericsson revealed its first pro-
totype cell station for 5G networks. The
entire station was small enough to be
carried around like a briefcase. Only
a month before, however, the wireless
equipment maker carted around a cab-
inet-sized version on an electric scooter.

Similar efforts to shrink parts could
take shape once the 3G Partnership
Project starts accepting proposals on the
air interface in 2017. At that point, wire-
less companies could concentrate more
on hardware, so that the air interface is
not released before chips are available. B
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e Square wave clocks from DC to 2.05 GHz =~ The CG635 generates clock signals—
flawlessly. The clock signals are fast, clean

e Random jitter <1 ps (rms) and accurate, and can be set to standard
. . logic levels.
e 80 ps rise and fall times
o 16-diqit f luti How fast? Frequency to 2.05 GHz with
é-digit frequency resolution rise and fall times as short as 80 ps.
o CMOS, LVDS, ECL, PECL, RS-485
. . . How clean? Jitter is less than 1 ps and
o Phase adlUSfmenf & time mOdUIahon phqse noise is better than =90 dBC/HZ

(100 Hz offset) at 622.08 MHz.

How accurate? Using the optional rubidium
timebase, aging is better than 0.0005
ppm/yr, and temperature stability is better
than 0.0001 ppm.

You would expect an instrument this good
to be expensive, but it isnt. You no longer
have to  buy an rf synthesizer to generate

clock signals. The CG635 does the job
better—at a fraction of the cost.

Plot shows complementary clocks and PRBS (opt. 01)
outputs at 622.08 Mb/s with LVDS levels. Traces have
transition times of 80 ps and jitter less than 1 ps (rms).
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Inside

with

Ken Karnofsky,

Senior Strategist, Signal Processing, MathWorks

Interview by CHRIS DEMARTINO, Technology Editor

KEN KARNOFSKY is senior strategist for signal processing
applications at MathWorks. Throughout his 20-year career—
first with BBN Technologies, and then with MathWorks—
Karnofsky has been involved in the development and market-
ing of software for signal processing and data analysis technolo-
gies. He holds a bachelor’s degree in systems engineering from
the University of Pennsylvania.

CD: How has MathWorks
adapted to meet the needs of
today’s RF engineers?

KK: Today’s RF engineers
have very different needs,
because today’s RF devices
and radios integrate RF

and digital technologies to
a degree never seen before.
Emerging approaches for
5G design include hybrid RF
and digital signal process-
ing (DSP) techniques that
require even more highly
integrated technology. As

a result, RF engineers—as
well as system and digital
engineers, for that matter—
need to understand how the
RF front end affects system
performance and how to
partition designs between
RF/analog and digital
components.
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The enhancements to our
MATLAB and Simulink
platforms integrate highly
accurate RF and antenna
modeling with advanced
DSP algorithm design
and implementation. This
enables more effective col-
laboration among RF, digi-
tal, and system engineers to
allow for faster development
cycles and more thorough
design verification.

CD: How have modeling
and simulation software
requirements changed in
comparison to five or 10
years ago?

KK: The changes in RF tech-
nology are driving a need
for several improvements

in modeling and simulation
software:

1. Improved integration

““The changes in RF technology
are driving a need for several
improvements in modeling and
simulation software.”

of RF, antenna, and digital
modeling and simulation.

2. Faster simulation of
complex RF architectures
to facilitate rapid design
exploration.

3. Connectivity to a range
of software-defined radio

(SDR) and RF test hardware
to accelerate and lower the
cost of prototyping and
design verification.

CD: How can design

teams that consist of
engineers who specialize

in various disciplines work
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together to create more
efficient solutions?
KK: Design teams can use software that
enables them to model and simulate
digital and RF components in the same
environment, at multiple levels of fidel-
ity. This enables system engineers to
quickly build a reference design, and for
each design team to elaborate the design
with high-fidelity behavioral models that
incorporate DSP, RF, antenna, mixed-
signal, and control models. System-level
simulation using these models provides
insight into component interactions,
exposes integration issues before build-
ing hardware, and enables more rigorous
system verification much earlier in the
development process.
CD: What are some of the challenges
associated with modeling the latest
wireless systems?
KK: Developing wireless systems today
requires multiple design skills, including
system architecture, DSP, RF, antenna,
mixed-signal, digital hardware, and em-
bedded software. Most teams don’t have
expertise in all those areas. Even when
they do, each specialist typically uses
their favored tool. This makes system
integration increasingly difficult, and
pushes discovery of critical problems
to the end of the development process
when they’re most expensive to fix.

This challenge has different impacts
at different stages of development.
For example, researchers can’t effec-
tively explore 5G hybrid beamforming
techniques when they use different tools
for digital and RF design. Advanced
technology teams can’t prove their
concepts in hardware prototypes when
they have to rely on other teams for RTL
implementation. And design teams are
spending far too much time debugging
highly integrated radio designs in the
hardware lab or in the field.
CD: What are the benefits of a complete
(i.e., algorithm-to-antenna) simulation?
KK: System-level (algorithm-to-antenna)
modeling and simulation pay large
benefits in several ways. First, simula-
tion can eliminate many system-level

GO TO MWRE.COM

and integration errors “Cul‘]‘ent
before building hard-

ware. This is the first step [aerospace

in model-based design and defense]
where system models i t.
automatically generate app 1cations

code for hardware and

are driving

tion from systems using
these standards.

These tasks are com-
plicated by the scope and
rapid change of commer-
cial wireless standards.
Defense system designers

software implementation
of algorithms, enabling

algorithm designers to of hig‘hly
prototype on hardware .
without having to find lntegratEd RF

programmers or HDL en-
gineers from other teams.
The models also provide
a reusable test bench
throughout the develop-
ment process, saving time and ensuring
consistency of testing. These combined
capabilities enable faster design itera-
tions and streamline verification. An
upfront investment in modeling has
been proven to reduce overall develop-
ment time by 30% or more.

CD: How have aerospace and defense
applications changed in recent years,
and how has that affected simulation
requirements?

KK: Current applications are driving the
adoption of highly integrated RF front
ends and adaptive radio technologies.
These include development of robust
tactical radios and networks, interference
and spectrum management, electronic
countermeasures, satellite and space
systems, and signal intelligence.

Defense electronics and military
system designers use commercial
wireless standards in a variety of ways.
Researchers want to anticipate the im-
pact of emerging technologies such as
mm-wave and massive multiple-input,
multiple-output (MIMO) systems.
System designers are looking to adapt
those standards to lower cost and
improve reliability of military commu-
nications systems. Other engineers are
concerned with minimizing interfer-
ence from other operational systems in
a shared spectrum environment. And
the signal intelligence community needs
to understand how to extract informa-

the adoption

front ends and
adaptive radio
technologies.”

are users of these stan-
dards; they can’t afford
to maintain compre-
hensive knowledge or
in-house tools to keep
up with them.

Low-cost, highly
capable SDR technology
is driving innovation and
broader adoption. COTS
SDR hardware can be connected to a PC
to create highly capable testing and pro-
totyping systems. The challenge is that
those first-generation SDR tools limited
even broader adoption of the technol-
ogy by forcing engineers to maintain
low-level programming environments,
or use software tools that work only with
a single vendor’s hardware.

CD: What additional challenges do you
think 5G technology will create when it
comes to modeling and simulation?
KK: The technologies being developed
for 5G such as massive MIMO, mm-
wave, and new modulation schemes
require innovative combinations of new
baseband technologies and RF architec-
tures. These technologies only deepen
and accelerate the need for highly
integrated design environments and
flexible connectivity to prototyping and
test hardware.

CD: In the future, how will the Internet
of Things (IoT) impact design software
needs?

KK: Today, most IoT designers purchase
RF modules to add wireless connectiv-
ity to their products. If something goes
wrong, they face a lot of time in the lab
debugging a design they didn’t create.
Designers can instead use model-based
design to simulate the integration of

RF front ends into their designs, which
helps them identify and fix issues earlier
and at lower cost. Il
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IN A SINGLE MODEL!

EP2K1+ 2t0 26.5 GHz
EP2W1+ 0.5 to 9.5 GHz
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The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 26.5 GHz, with up to 300W power
handling, in coaxial,flat-pack, surface mount and rack mount
housings for 50 and 759 systems.

From 2-way through 48-way designs, with 0°, 90°, or 180°
phase configurations, Mini-Circuits’ power splitter/combiners offer a vast
selection of features and capabilities to meet your needs from high power
and low insertion loss to ultra-tiny LTCC units and much more.

Need to find the right models fast? Visit minicircuits.com and use Yoni2®!
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PCB layouts, pricing, real-time availability, and everything
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R&D Roundup

ANTENNA ARRAY
AIDS ENERGY
HARVESTING

ENERGY HARVESTING PLAYS an im-
portant role in gaining higher efficien-
cy for future electronic devices, such
as mobile communications equipment
and loT sensors. In search of energy-
harvesting solutions, a trio of research-
ers from Ricoh Innovations Corp. pro-
posed an antenna for the purpose of
mechanical beamsteering to efficient-
ly capture available RF energy.

By changing the main beam’s di-
rection, maximum power can be har-
vested without physically rotating the
antenna to get 360-deg. coverage.
Their 2 x 2 beamsteered phased-ar-
ray antenna is tuned by mechanically
shifting the position of the feed point,
providing a continuous beamsteering
angle of £35 deg in the E-plane.

The phased-array antenna array
is designed for use at S-band, at 2.4
GHz. At that frequency, the size of the
array is 0.96 x 0.96 x 0.056 \. The
array features small microstrip patch
antenna elements with 19.5% band-
width. Elements include a U-shaped
slot. They are fabricated on RO3010
circuit laminate from Rogers Corp.,
with a relative dielectric constant of
10.2. The array consists of multiple an-
tenna elements, a feed network panel,
and a movable feed structure.

Through simulations, the research-
ers discovered the optimum center-
to-center spacing of the antenna ele-
ments for a given space to minimize
mutual coupling and maximize gain.
By mechanically changing the posi-
tion of the feeding point, continuous E-
plane steering can be accomplished
without phase shifters and with low
cost for the antenna array.

See “A Mechanically Beam-Steered
Phased Array Antenna for Power Har-
vesting Applications,” IEEE Antennas
& Propagation Magazine, Vol. 58, No.
3, June 2016, p. 58.
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GaAs/AlGaAs CHIP “SEES” THz WAVES

ERAHERTZ (THZ) RADIATION
continues to exhibit its value
and versatility in medical ap-
plications, such as focused treatment of
malignant cells. THz techniques are also
showing great promise in the area of
materials research at the subwavelength
electromagnetic (EM) radiation regions,
with resolution on the nanometer scale.
In fact, a researcher from the Tokyo
Institute of Technology revealed work on
cryogenic THz-emission near-field imag-
ing for close scrutiny of semiconductor
devices. The research has provided in-
valuable information on the spatial dis-
tribution of electrons injected from an
electrode into a semiconductor channel.
The new THz imaging method collects
visualization data by scanning an evanes-
cently coupled THz detector closely across
a sample surface, compared to existing
methods that work in illumination mode.
Based on a GaAs/AlGaAs heterostructure
chip, the new approach is simpler.

The GaAs chip’s aperture and near-
field probe are insulated by a 50-nm-
thick silicon-dioxide (SiO,) layer. It has
a two-dimensional electron gas-layer
heterointerface; this layer features elec-
tron mobility of 5000 cm?/V-s. Located
60 nm below the surface of the chip, this
two-dimensional gas layer acts as a THz
detector. Source and drain electrodes ex-
tend to the side surfaces of the chip for
electrical connections. Detected THz sig-
nals are provided as changes in voltage as
a function of THz irradiation by the two-
dimensional electron gas detector.

Testing and simulations revealed that
chips without probes failed to detect THz
signals; those with probes successfully de-
tected THz radiation, regardless of wave-
length. The spatial resolution of the near-
field THz imager was found to be 9 um.

See “Chip-Based Near-Field Terahertz
Microscopy,” IEEE Transactions on Tera-
hertz Science and Technology,” Vol. 6, No.
3, May 2016, p. 356.

RECEIVING SYSTEM CONVERTS RF TO DC

HANGING ENERGY FROM one

form to another, such as solar

radiation from sunlight to dc
voltage, can help meet the growing global
demands for energy. It is also a practical
way to provide power for remote sensors
and other devices that must be “set and
forget” as part of IoT applications. Even
in standby mode, they consume energy
and require a power source.

With this in mind, French researchers
sought an alternative to a single omnidi-
rectional antenna for collecting the RF
energy in a room. They developed a sys-
tem that combines six parasitic element
antennas and RF-to-dc converter circuits
to transform RF energy into dc voltage.

Given the growing number of wire-
less devices connected to a small cell, base
station, or Wi-Fi gateway, the amount of
“discarded” RF/microwave EM radiation
is enormous and available for scavenging
and reuse. Many RF-to-dc conversion

circuits have been developed for this pur-
pose, but are hampered by the limited ef-
ficiency of their antennas, or “rectennas.”
The researchers boosted the effi-
ciency of an RF-to-dc home-automation
system by improving the performance of
an array of six rectennas within a room.
They took a cellular approach to energy
harvesting within the room, combining
PCB rectennas with RF-to-dc-conver-
sion circuits on the same circuit board.
Developed for use at 2.45 GHz, the
compact system provided enough energy
to maintain additional circuits, such as an
RF switch. Simulations showed that the
system would deliver different amounts
of energy based on room size; for exam-
ple, 1723 and 880 mV, respectively, for
rooms measuring 5 x 5mand 10 x 10 m.
See “Multidirectional Receiving Sys-
tem for RF to dc Conversion Signal,”
IEEE Antennas ¢ Propagation Maga-
zine, Vol. 58, No. 3, June 2016, p. 22.
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Ultra Small 2x2mm

2W ATTENUATORS oc 2ocH: 51°°...

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

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

Plastic

Ceramic

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

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

For more details, just go to minicircuits.com — place your
order today, and you can have these products in your hands

as soon as tomorrow! RoHS compliant
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Special Report
CHRIS DEMARTINO | Technology Editor

to Satisty the Next Wave

Market trends, such as small-cell infrastructure and broadband applications, are

driving suppliers to deliver amplifiers with cutting-edge performance.

he pressing needs of today’s applications are

prompting amplifier suppliers to deliver new prod-

ucts to meet current high-frequency demands.

One specific area that is now driving a significant
amount of product development is small-cell infrastructure,
which is a growing market. As many turn to small cells to
drive wireless networks, amplifier suppliers are launching new
products in support of this need.

Small-cell infrastructure is certainly not the only area that
must be addressed by suppliers. Applications demanding wide-
band frequency performance have prompted the launch of
several new broadband amplifiers. Such amplifiers can enable
both commercial and military applications that require broad-
band performance.

AMPLIFIERS FOR SMALL CELLS

Small cells function as miniature base stations, enabling
wireless capacity to be enhanced. They can be utilized in
both indoor and outdoor locations to meet wireless traffic
demands. Of course, small-cell infrastructure requires the
proper components, such as amplifiers.

One company supporting the fast growing small-cell market
is Skyworks (www.skyworksinc.com). “As mobile devices and
applications supporting the Internet of Things (IoT) prolifer-
ate, there is an immediate and substantial increase in network
load,” says David Stasey, the company’s vice president and

GO TO MWRF.COM

general manager of diversified 1. These power amplifiers
analog solutions. “An unprec-
edented deployment of small-
cell systems is helping improve
network performance”
Skyworksrecentlyintroducedthe SKY66184-11,SKY66185-
11, and SKY66186-11 power amplifiers (PAs) for small-

cell infrastructure (Fig. 1). “Our newest amplifiers provide

(above) are intended for
small-cell base stations.
(Courtesy of Skyworks)

infrastructure original equipment manufacturers (OEMs)
with an entire portfolio of solutions for next-generation glob-
al cellular networks that cover all major LTE bands,” contin-
ues Stasey. “These amplifiers are compact devices designed
for FDD/TDD small-cell base stations, enabling small-cell
infrastructure OEMs to radically simplify their system
architecture.

“These solutions feature high gain and linearity, along
with the capability to operate under high temperatures
(+85°C),” he adds. “The amplifiers are also pin-to-pin compat-
ible, providing support of all 3rd Generation Partnership Pro-
gram (3GPP) bands. Their superior output return loss makes
them easy to use. An integrated coupler for output-power
monitoring minimizes the number of external components
required. Furthermore, the amplifiers operate off a single
+3.3-V power supply”

The SKY66184-11 operates from 2,110 to 2,170 MHz, cov-
ering LTE bands 1, 4, and 10. The SKY66185-11 spans 851
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Broadband Amplifiers

Small cells function as miniature base stations, enabling wireless

capacity to be enhanced. They can be utilized in both indoor and
outdoor locations to meet wireless traffic demands. Of course, small-cell
infrastructure requires the proper components, such as amplifiers.”

to 894 MHz, which covers LTE bands 5, 6, 18, 19, 26, and 27.
The SKY66186-11, which covers a frequency range of 728
to 768 MHz, is intended for LTE bands 12, 13, 14, and 17. In
addition, active biasing circuitry is integrated in these PAs
to compensate performance over temperature, voltage, and
process variation. Each device can provide +23 dBm of output
power with an adjacent-channel leakage ratio (ACLR) of —50
dBc at +85°C.

Other companies that are enabling small-cell infrastructure
include Qorvo (www.qorvo.com), which recently
announced a new line of PAs that target small-cell
base stations. The product line contains eight new
PAs, covering frequencies that range from 1,805
to 2,400 MHz. The TQP9218 and TQP9418 PAs
both operate from 1,805 to 1,880 MHz. A fre-
quency range of 1,930 to 1,990 MHz is covered by
the QPA9219 and QPA9419 PAs (the QPA9219’s
datasheet specifies a frequency range of 1,930 to 1,995 MHz).

Furthermore, the TQP9221 PA spans 2,010 to 2,200 MHz,
while the TQP9421 PA covers 2,110 to 2,170 MHz. Finally, the
TQP9224 and TQP9424 PAs both operate from 2,300 to 2,400
MHz. The TQP9218, QPA9219, TQP9221, and TQP9224 PAs
are rated as 0.25-W amplifiers, while the TQP9418, QPA9419,
TQP9421, and TQP9424 PAs are specified to deliver 0.5 W of
output power.

PAs are obviously not the only components required for
small-cell infrastructure: Low-noise amplifiers (LNAs) are
crucial components as well. One recently introduced prod-
uct is the GRF2105 LNA (Fig. 2) from Guerrilla RF (www.
guerrilla-rf.com). With its broadband performance, the
GRF2105 is targeted at the small-cell market. This LNA, which
is housed in a 1.5- x 1.5- x 0.5-mm, 6-pin dual-flat-no-lead
(DEN) package, delivers greater than 20.5 dB of gain at fre-
quencies as high as 2,700 MHz and approximately 19 dB of
gain at 3.8 GHz. Furthermore, the GRF2105 has a noise figure
below 0.8 dB at 2,500 MHz.

BROADBAND PERFORMANCE

Recently, several broadband amplifiers have been unveiled
to satisfy wideband frequency requirements. One compa-
ny focused on delivering broadband performance is Cus-
tom MMIC (www.custommmic.com). “With new and ever-
increasing demands of the internet and multimedia on the
commercial side, as well as broadband high-data-rate commu-
nications and electronic-warfare (EW) links on the aerospace
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and military side, RF/microwave amplifiers are being used in
many broadband applications,” says Jim Moniz, a principal
engineer at the firm. “We have developed multiple wideband
BroadRange distributed amplifiers, covering dc to 22 GHz
with a unique positive gain slope.”

Moniz adds, “Unlike most distributed amplifiers, our
amplifiers—such as the CMD192, CMD240, and CMD241—
have positive gain slope with increasing frequency. This per-
formance compensates for the higher-frequency losses that
are typical of other compo-
nents in a system. In addi-
tion to the positive gain slope,
these designs include the use
of on-chip tracking circuits
to ensure consistent perfor-
mance over temperature and
process variation.”

System designers can greatly benefit from the positive gain
slope provided by these amplifiers, as it enables components
(such as gain equalizers) to be removed from the overall sys-
tem design. Moniz explains, “The positive gain slope of the
amplifier allows broadband system designers to eliminate
equalizers or added amplifiers, which are used to compensate
for the typical negative gain slope of most wideband compo-
nents with increasing frequency”

The recently launched broadband amplifiers from Custom
MMIC include the aforementioned CMD240 and CMD241
BroadRange models. The CMD240 operates from dc to 22
GHz, while the CMD241 spans 2 to 22 GHz. The CMD238
wideband amplifier, which covers 2 to 20 GHz, was also
recently unveiled.

Finally, among the latest products from Mini-Circuits
(www.mini-circuits.com) is the LVA-123+ wideband amplifi-
er, which covers a frequency range of 0.01 to 12 GHz. Deliver-
ing 17.3 dB of gain at 2 GHz, the LVA-123+ has a gain flatness
of only £0.6 dB from 0.05 to 6 GHz. The amplifier is well-
suited for a number of applications, including base-station
infrastructure, test instrumentation, satellite communications
(satcom), and more.

To summarize, one can see that small-cell infrastructure

2. This low-noise
amplifier attains a
noise figure less than
0.8 dB. (Courtesy of
Guerrilla RF)

will continue to be a focal point in the coming days ahead.
And broadband requirements are driving suppliers to offer
amplifiers with wideband performance. These and many
other requirements will surely keep companies busy for quite
some time. I
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Engineering Essentials
JACK BROWNE | Technical Contributor

Accuracy

IS Vital When

Testing Material Qualities

Dielectric constant and dissipation factor are among the essential material
parameters used by circuit designers, and they must be measured precisely for

accurate models.

CIRCUIT MATERIALS like those based on polymers and resins
serve as foundations for high-frequency circuits. They are
characterized by various parameters that describe electrical
and mechanical properties, such as the complex permittivity
(the real part of which is the dielectric constant) and complex
permeability (which also has imaginary and real parts that can
be used to find a material’s loss tangent or dissipation factor).

Proven measurement methods are crucial for ensuring accu-
rate results of material measurements and for making valid
comparisons of material parameters from different suppliers.
Knowing which test methods were applied and at which fre-
quencies can also ensure that proper material parameter input
data is supplied to a computer-aided-engineering (CAE) soft-
ware simulator used as part of the circuit-design process.

Many of the measurement methods developed for permit-
tivity and permeability use calculations based on scattering (S)
parameter measurements of a material sample with a micro-
wave vector network analyzer (VNA). Different test methods
have been adopted by various material manufacturers and
technical organizations. In fact, the IPC (www.ipc.org) offers 13
different test methods for determining dielectric constant and/
or dissipation factor. These disparate test methods may yield
different results, but there are usually reasons for those differ-
ences if the details of the test methods are understood.

Printed-circuit-board (PCB) materials for RF/microwave
circuits are anisotropic in nature, meaning that some charac-
teristics, such as dielectric constant, vary in the different axes
of the material. The z-axis or thickness of a circuit material is
usually of most interest, since this will serve as the dielectric
layer, for example, between transmission lines and a ground
plane in a microstrip circuit.

PCB materials are supplied as laminates, with copper or
other conductive metals attached to the dielectric, or as pre-
pregs, without metal backing (Fig. 1). Measurements of PCB
dielectric properties are performed on prepregs or laminates
from which the conductive metals have been completely
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1. Circuit materials are available as prepregs and with metal backing,

although the former are better suited for material parameter mea-

surements. (Courtesy of Rogers Corp.)

removed. That’s because the presence of metal in the material
will change the material’s dielectric nature and any subsequent
S-parameter measurements.

MAKE A REFERENCE

Some material characterization methods involve fabri-
cating a reference circuit, such as a microstrip resonator,
on a material under test (MUT). By relating the resonator’s
physical dimensions/wavelength to theoretical values for rela-
tive permittivity (dielectric constant) and dissipation factor,
it is possible to determine the relative dielectric constant and
dissipation factor based on measured resonant frequency,
resonator bandwidth, and electrical lengths. In such a mea-
surement, the effects of the copper conductor are included in
the dielectric-material analysis. While the approach can yield
accurate results, it provides values at only one frequency rather
than broadband analysis.

Another commonly referenced measurement method for
PCB dielectric constant and dissipation factor, which also
uses a resonant circuit, is the clamped stripline resonator
test. The approach involves forming a stripline resonator in a
ground-signal-ground layer configuration that is mounted in

39


http://www.ipc.org
http://mwrf.com

Materials Testing

a clamping test fixture to determine the dielectric constant and
dissipation factor as a function of the MUT’s thickness (Fig. 2).

Other methods based on measuring resonant frequencies of
known structures are used to evaluate the dielectric constant
and dissipation factor of a MUT in the x and y axes (length
and width). These include the split-post dielectric resonator
(SPDR) method, the rectangular cavity approach, and the
open-cavity resonance method. In all three techniques, the

electric field is perpendicular to the MUT, revealing the char-
acteristics of the dielectric material in the x-y plane rather
than in the z-direction (thickness). For many PCB materials,
the value of the dielectric constant can be quite different in
the x-y plane than in the z-axis due to use of materials, such as
ceramic or woven glass, that serve to reinforce the polymer or
resin circuit material.

LEVERAGING THEVNA

Powerful Multipath/Link

The availability of high-performance
commercial microwave VNAs has put
basic material parameter measurements
within reach of many engineers seeking

Emulator

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

Sophisticated Satellite link emulation

Mobile Comm’s on themeVve t&sting

Test solutions for ....

WIN-T - warfare information networks, tactical

MUOS - mobile user objective system
JTRS /— Joint Tactical Radio System
IRIS

- Intéfnet routing in space

validation of their PCB datasheets. Many
leading VNA makers offer application
notes related to material measurements,
based on test methods that convert
S-parameters to material parameters.

Some of these methods are as straight-
forward as connecting a section of wave-
guide or coaxial transmission line to the
VNA and inserting a small sample of the
MUT within the end of the transmission
line in order to perform transmission and
reflection measurements. Others, such as
the full-sheet-resonance (FSR) method,
measure a known length of circuit board,
evaluating the resonant peaks or standing
waves at different frequencies to calculate
the dielectric constant.

The appropriate equations can relate
the S-parameter measurements of
reflection and transmission to the per-
mittivity and permeability of the MUT.
Although not considered “nondestruc-
tive” measurements, which require pre-
cisely machined samples of the MUT for
insertion within the waveguide or coaxial

line, they can provide information about
the broadband characteristics of dielec-
tric material. Unfortunately, because
such small samples are involved in the
measurements, they are not applicable
to determining material characteristics
across a large sheet of material, such as

‘I l. l.‘ 32A Spruce Street

RF Test Equipment for Wireless Communications
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the tolerance of the dielectric constant.
Additional material measurement
techniques using a VNA include the

short-circuit-line (SCL) and open-
ended coaxial probe methods, both of
which provide broadband values for
complex permittivity and permeability.
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These VNA measurement methods test
for S-parameters and then solve for the
material unknowns, including complex
permittivity and permeability. Errors in
the calculations can arise at half-wave-
length multiples of the test frequency and
the size of the material sample. Therefore,
normal practice is to test a material sam-
ple that is less than one-half wavelength
long at the highest frequency of interest.
The various transmission-line meth-
ods based on insertion of a sample also
rely on precise machining of the same to
avoid the presence of air pockets between Corp.)
the probe or transmission-line conductor
and the surface of the material sample. Any air in the sample
will effectively lower the result of any calculations of dielectric
constant from the measured S-parameters.

FROM COMPLEX TO SIMPLE

Some material measurements are considerably more elabo-
rate, such as dielectric constant as a function of temperature
and coefficient of thermal expansion (CTE). This measures
how the different material components of PCB expand with
temperature and how a PCB might react when attached to

2. This test fixture is used for dielectric measure-
ments with a VNA when applying the clamped
stripline resonator approach. (Courtesy of Rogers

another material (e.g., a metal heat-
sink). The measurement is also
critical for portions of the PCB on
which metal meets dielectric sur-
faces—for instance, plated through
holes (PTHs)—since significant
differences in CTEs may result in
stress and reliability problems.

Some material measurement
methods are quite intuitive and
can be performed with fairly sim-
ple test circuits. The differential
phase-length method, for example,
is based on using a VNA to measure
the unwrapped phase of different
lengths of microstrip transmission lines formed on the mate-
rial under test.

The method was clearly explained during a technical pre-
sentation by John Coonrod of Rogers Corp. during the 2013
International Microwave Symposium (IMS) in Seattle. In
fact, it is available as part of a YouTube video on the com-
pany’s website (www.rogerscorp.com). The firm also offers
free downloadable personal-computer (PC) software to
determine a material’s dielectric constant from the phase
measurements. [l
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Industry Trends
CHRIS DeMARTINO | Technology Editor

Test Solutions Clear the Way
to Consumer-Ready loT

Manufacturers of IoT devices must implement the proper approach when it comes to

testing their products.

AS THE INTERNET OF THINGS (IoT) continues to emerge, so
do demands for efficient testing of the wave of products arriv-
ing into this arena. No question, the IoT encompasses a wide
range of industries that utilize various wireless technologies.
Needless to say, then, that IoT device testing requirements are
also great in scope.

Taking a vigilant approach when it comes to test, such
as performing testing throughout the product-develop-
ment cycle, can help companies developing IoT-based
products avoid dreaded pitfalls. Such companies are being
aided by the latest solutions coming from suppliers of test-
and-measurement equipment.

For example, wireless test sets that support multiple stan-
dards can be used in high-volume manufacturing environ-
ments, offering both performance and flexibility. With the
impact of IoT looming, proper testing becomes ever-more
important for device manufacturers.

UNIVERSAL IoT TEST
SOLUTIONS

The IoT can mean differ-
ent things to different people '

range and will likely use non-cellular technologies, such as
Bluetooth low energy (BLE), ZigBee, or possibly point-to-
point connections envisioned in the future for 5G,” adds Davis.
“Longer-range connections can be provided by cellular or low-
power wide-area network (LPWAN) technologies, such as
LoRa, Narrowband-IoT (NB-IoT), or 6LoOWPAN.

In terms of IoT performance requirements, several are
particularly critical, such as range. Proper testing is needed to
ensure that these requirements are met. “In addition to range,
one key consideration when selecting the appropriate technol-
ogy is the reliability requirement of the end application,” says
Davis. “For example, a connected car using multiple sensors
and a high data rate will require extremely reliable real-time
connections. Extensive testing and quality assurance in the
manufacturing phase is required in these designs”

By utilizing a single test platform that is customizable to
a user’s specific needs, Anritsu believes that IoT-based test-
ing can be simplified. Davis explains, “Testing IoT devices

due to its broad appeal. “If you =G
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ask 10 people what IoT means,

you're likely to get 10 differ-
ent answers that range from

big data to the connected car,’
says Brian Davis, field appli-

cations engineer for Wire-
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less Products, Anritsu (www.
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denominator in all IoT appli-
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cations is that products must

be connected via wired and/or

wireless technologies. l

“Most IoT solutions are
projected to be relatively close
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1. This platform can accommodate as many as four test modules. (Courtesy of Anritsu)
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IoT Device Testing

will vary depending on the tech-
nologies chosen for the product
and the reliability requirements.
IoT device testing, however, does

not have to be complex. Wireless
IoT technologies are many, but
the production testing for all of
them is handled in a similar man-
ner. This means that a larger por-
tion of IoT device testing during
production can be handled by a
single solution—as long as it is a
customizable testing platform that
can support the most common IoT technologies. One example
is our MT8870A universal wireless test set (Fig. I).

“Solutions such as these consist of a mainframe, measure-
ment modules, and software, allowing users to simply add or
remove modules as testing needs to be changed,” he continues.
“In addition, the single hardware module architecture, such as
in the MT8870A, supports all cellular and non-cellular tech-
nologies. If many production lines use the same test platform,
it is possible to transfer measurement capacity from one line to
the other just by removing and reconnecting a module. This
capability makes IoT wireless device manufacturing faster and
more economical”

FINDING A SUCCESSFUL IoT TEST APPROACH

Another company at the forefront of IoT testing is LitePoint
(www.litepoint.com), which supports [oT test requirements
with products like the IQxel-M test system (Fig. 2).

“There’s good and bad when it comes to RF and the IoT,
says Adam Smith, director of product marketing at LitePoint.
“There is an embarrassment of riches in terms of differ-
ent technologies to choose from. But product designers can
get overwhelmed trying to determine which technology to
choose. Key considerations include operating range, through-
put, number of devices supported by the protocol, industry
acceptance and momentum for the protocol, etc. It is very
early in this industry, which means that there are many tech-
nologies to choose from. But the downside is that product
designers have to be very strategic when making their choice.

“Most IoT companies are designing their product function-
ality first and adding on RF capabilities later based on refer-
ence designs from chip makers,” he continues. “Without test-
ing throughout the product development cycle, this approach
will not yield a high-quality user experience that is vital for
IoT products”

LitePoint has actually witnessed several customers experi-
ence problems that could have been avoided if they took a dif-
ferent approach to testing. “Several IoT customers have come
to us at the end of their product development,” adds Smith.
“Because they didn’t think about testing at all, there are a lot of
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2. Litepoint’s test system is able to cover frequencies to 6 GHz. (Courtesy of LitePoint)

things they missed that are impacting the performance of their
systems—antenna access or performance of the product in
the final form factor. These missed points would have become
very apparent if they had performed testing during the prod-
uct design phase”

The company also believes that RF performance and func-
tionality is now more critical than ever. “With the IoT, were
entering an era where RF performance and functionality is
becoming harder to separate from the overall product func-
tionality,” says Smith. “As a result, it is even more essential to
ensure that RF performs as specified.

“Consumers may invest in a wireless front-door lock to
make them safer, but it won’t lock,” he continues. “They won't
be able to determine that the lock system was great, but the
RF was faulty. They will only say that the whole product didn’t
work. These are the kinds of quality issues that can keep IoT
companies with real innovation from succeeding”

AUTOMATION TEST REFERENCE

Other companies providing IoT test solutions include
Keysight Technologies (www.keysight.com), which offers an
IoT automation test reference solution that consists of both
hardware and software. The reference employs the E6640A
EXM wireless test set along with integrated software to satisfy
large-volume manufacturing requirements. The E6640A EXM
supports multi-device testing, as it can have as many as four
transceiver (TRX) channels.

The test reference solution takes advantage of the Signal
Studio software to generate a range of standard waveforms.
Users can also import their own waveforms. In terms of signal
analysis, the E6640A EXM oftfers the test capability to support
a wide range of wireless standards like Bluetooth, ZigBee,
Z-Wave, and many others.

To sum it up, as the IoT gains traction, testing becomes
more crucial. On that front, test-and-measurement companies
have unquestionably supported the IoT by providing a range
of solutions to meet its diverse needs. As the IoT moves along,
device manufacturers must implement the proper test meth-
odologies if they wish to succeed. Il
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GVA amplifiers now offer more options and more capabilities
to support your needs. The new GVA-123+ provides ultra-
wideband performance with flat gain from 0.01 to 12 GHz, and
new model GVA-91+ delivers output power up to 1W with power
added efficiency up to 47%! These new MMIC amplifiers are
perfect solutions for many applications from cellular to satellite and
more! The GVA series now covers bands from DC to 12 GHz with

*Low frequency cut-off determined by coupling cap.
For GVA-60+, GVA-62+, GVA-63+, and GVA-123+ low cut off at 10 MHz.
For GVA-91+, low cut off at 869 MHz.

NOTE: GVA-62+ may be used as a replacement for RFMD SBB-4089Z
GVA-63+ may be used as a replacement for RFMD SBB-50892
See model datasheets for details

various combinations of gain, P1dB, IP3, and noise figure to fit your
application. Based on high-performance InGaP HBT technology,
these amplifiers are unconditionally stable and designed for a
single 5V supply in tiny SOT-89 packages. All models are in stock
for immediate delivery! Visit minicircuits.com for detailed specs,
performance data, export info, free X-parameters, and everything
you need to choose your GVA today! US patent 6,943,629
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Metamaterial
Enhances Microstrip
Antenna Gain

Single and multiple layers of metamaterials formed as lenses can improve the
impedance matching, gain, and fractional bandwidth of compact microstrip antennas.

igh antenna gain is gener-

ally desirable for commu-

nications systems, wheth-

er terrestrial or based
on satellites. The use of metamaterials in
single or multiple layers has been shown
to contribute a great deal to the design of
a high-gain microstrip antenna at 10.5
GHz. With a double-negative electromag-
netic (EM) constant, these metamaterials
exhibit properties not normally found in
circuit materials.

Structures formed of the metamateri-
als act like a lens for a microstrip antenna,
boosting gain and enhancing the radia-
tion pattern for greater cov-

come these disadvantages.!> For example,
arrays of several patch antennas have been
W used to achieve increased gain. However,
this approach must overcome losses asso-

| ciated with the feed network and coupling
P between antenna elements in the array.
L ¢ - W, Metamaterials can provide EM prop-

erties not found in nature that can help
enhance antenna gain. Left-handed
L materials (LHMs) were theorized in 1967
as EM plane wave propagation in a loss-

— | [ <— W,
f less medium with simultaneous negative

1. These are the dimensions of the

microstrip antenna.

real permittivity and permeability at a
given frequency.* LHM is characterized
by antiparallel phase and group veloci-

ties as well as nonlinear phase

erage. These metamaterial- = — characteristics.>” These prop-
equipped antenna designs -== N — erties have enabled the devel-
feature increased bandwidth 5 X // opment of compact microwave
(from 3.64% to 4.68%) when \ / components.3!!
compared to a conventional \ II The recent revival of inter-
microstrip design. 10 / est in double-negative media
Patch antennas are often ::E / began with Smith, Schultz, and
desirable for wireless com- 5 " Shelby, as inspired by the work
munications systems for their 15 1 of Pendry.'>!* Smith demon-
low profile, compact size, ease \ " strated a new metamaterial that
of implementation, and low 20 \l simultaneously achieved nega-
implementation cost. Unfortu- — — —Simulafion
nately, patch antennas typically Measured 2. The plots compare the simu-
exhibit low gain and narrow 25 5 0 ]‘] - lated and measured return loss of

bandwidths. Several approach-
es have been presented to over-
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the microstrip antenna, designed
for 10.5 GHz.

Frequency (GHz)
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tive permittivity and permeability.!* Different

shapes of metamaterial cells have also been used
1521

to achieve double-negative characteristics.

To better understand the benefits of using
metamaterial structures with microstrip anten-
nas, an antenna was designed with a unit-cell
metamaterial lens structure; the performance
of the antenna was evaluated with the Micro-
wave Studio full-wave EM simulation software
from CST (www.cst.com). Figure I shows a two-
dimensional (2D) layout of the microstrip anten-
na. It was designed on RT/duroid 5880 circuit
material from Rogers Corp. (www.rogerscorp.
com) with relative dielectric constant (g, of 2.2 in the z-axis
(thickness) at 10 GHz, dielectric loss tangent of 0.0009, and
thickness of 0.787 mm.

The optimization of the antenna is carried out using CST
Microwave Studio commercial software. The antenna mea-
sures 50 x 60 mm. 50 mm x 60 mm. The patch maintains a
length, Ly, of 8.8 mm, width, W, of 13 mm, and thickness
of 35 um. The antenna is impedance-matched by means of a
quarter-wavelength (A/4) transformer with a length, L, of 5
mm and width, W, of 0.9 mm. The antenna is fed by means of
50-Q) microstrip line with a width, Wy, of 2 mm and length, Ly,
of 20 mm.

Figure 2 compares measured and simulated values for return
loss, which are in good agreement. From the simulations, it is
apparent that the antenna has an impedance bandwidth from
10.30 to 10.75 GHz. However, from the measurements, the
fabricated antenna exhibits an impedance bandwidth from
10.20 to 10.58 GHz, with a center frequency, fy, of 10.43 GHz.
Figure 3 shows the antenna’s simulated and measured radiation
patterns, in the E and H planes at 10.5 GHz, which also agree
closely. The measured gain is 5.8 dB.

=== Simulated
— Measured

— Measured
- == Simulated

3. The radiation patterns show simulated and measured responses at 10.5 GHz in the
(a) E-plane and (b) H-plane.

4 mm

4. The dimensions of the metamaterial unit cell or lens are shown here.

Figure 4 presents (a) 2D and (b) three-dimensional (3D) lay-
outs of a single metamaterial unit cell for an omega structure. In
this structure, two perfect electric conductors (PECs) with thick-
ness of t = 0.035 mm are integrated on RO4003 circuit material
from Rogers Corp. with relative dielectric constant (g;) of 3.55,
dissipation factor of 0.0027, and thickness of 0.813 mm. This
structure is a complex design that couples the rod and ring.2?

The effective permittivity and the effective permeability of
the omega structure can be calculated by an approach based on
extraction from the transmission and reflection characteristics

of the metamaterial omega structure.?>?3

Real This extraction technique consists of sev-

== == Imaginary

eral steps. First, the complex normalized

wave impedance (z) and refractive index

1
i (n) are retrieved from the S-parameters.
I Second, the effective permittivity (e.¢)
I and permeability () are computed from
the n and z values. The data are calculated
with the aid of the MATLAB mathemat-
ics-based simulation software from Math-
Works (www.mathworks.com). Figures
5(a) and (b) show the effective permittivity

and permeability of the omega structure.

5
200
Real
150 == == Imaginary
. S
100 !
1
2 50 1 25
£, ' 3
£ @
5 £
* 50 £-10
-100
-15
-150
-200 T TR NN SN SR RO S N | 20 L
56 7 8 910111213 1415 56 7 8 o

Frequency (GHz)
(a)

5. The plots show the real and imaginary values for the metamaterial unit cell (a) permittivity

and (b) permeability.
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10 11 12 13 14 15
Frequency (GHz)
(b)

To enhance microstrip antenna perfor-
mance, it was necessary to understand the
impact of the size of the omega structure
serving as a lens on the radiation patterns
and antenna performance. To ensure the
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Metamaterials

6. This is a simple layout of the microstrip antenna showing the distance to a single-layer

metamaterial unit cell.

-10

Syq(dB)

-20

-25

7. The plots show the simulated return loss of the microstrip
antenna with a single-layer metamaterial lens at different values of

Unit cell of
d1 .
metamaterial lens

r—,

|- == e == Without metamaterial

eeee=dl =8mm
== == d] =32 mm
— ] =‘]6 mm

8 9

10
Frequency (GHz)

effect of the periodic structure size and to
obtain the optimum return loss and radia-
tion parameters, a parametric study on the
antenna loaded with metamaterial lens at
specific separation and different dimen-
sions for the periodic structure are carried
out.** A 6 x 5 periodic structure was con-
sidered optimal.

Figure 6 shows the antenna layout, with
a single-layer metamaterial lens loaded ata
distance, d1, from the patch antenna. The
effect of d1 on performance was evaluated,
with simulated return loss and gain for dif-
ferent values of d1 shown in Figs. 7 and 8.

When d1 equals 8 mm, ataround 0.25A,

the impedance bandwidth and gain are affected compared to the
antenna without metamaterial lens, where the bandwidth and
gain are less. When d1 equals 16 mm, at around 0.50\, the
impedance bandwidth and gain are increased.

When d1 is increased to 32 mm, at around 1.0\, the imped-
ance bandwidth is reduced and the operating frequency is shift-
ed toward 10.7 GHz. The gain is reduced to 8 dB, but it is still
more than a conventional antenna without metamaterial lens.
For optimum performance with a single-layer metamaterial lens,

9. These photographs show different views of the fabricated an-

distance d1. tenna with a single-layer metmaterial lens.
12 ‘ Without mefamaterial
-——— ithout metamaterial 0 St
-=---= d1=8mm // T s
N[ e— d1=16mm L~ 5 SN o
— —— _ /] Ly ’
d1=32mm -~ . \ /
10 " . 10 v
— I \ /i
9 s s 0 K
3 - 5 il
£ e = -20 HuH
S 8 = o~ ]
P by — 25 i
[}
e -
7 ~s=e=ecdll = =] 30 ':
R R PR e e
6 _— - 35|~ ====With one layer metamaterial :
_ -7 - e Without metamaterial
A= -40 ! ! I I
S5e—=T 80 85 90 95 100 105 110 11.5 120
10.010.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0

Frequency (GHz)

8. These plots show simulated gain for the microstrip antenna with a

single-layer metamaterial lens at different values of distance d1.
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Frequency (GHz)

10. The return loss of the microstrip antenna
and without a single-layer metamaterial lens.

was measured with
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Metamaterials

d1 should be equal to 16 mm at this frequency.

To better understand the effects of the meta-
material structure, the proposed antenna was
fabricated and characterized. Foam material
with relative dielectric constant approximately
equal to that of air (1) and thickness (d1) was
added as a spacer between the metamaterial
and the patch antenna (Fig. 9).

Figure 10 shows measured return loss with
and without the metamaterial. As can be seen,
the metamaterial lens enhances the matching
characteristics of the antenna. The fractional
bandwidth of the antenna is increased from
3.64% to 4.68% as well. Figure 11 shows the
measured E- and H-plane radiation patterns of
the antenna at 10.5 GHz.

If one metamaterial layer can help microstrip
antenna performance, perhaps two layers
might provide greater benefits. To explore this
possibility, the effects of adding another layer of
metamaterial were investigated, at a distance,
d2, from the first layer above the antenna. An
optimum value of d1 = 16 mm was used for
the first layer. Figure 12 shows the proposed
antenna with two metamaterial layers.

The second layer was placed at different dis-
tances of 0.25\, 0.55\, and 5\ above the first
layer, with simulated return loss and gain plot-
ted in Figs. 13 and 14, respectively.

90 10dB 90 10dB
6 60

(a) 270 (b} 270
- == Measured, without metamaterial — Measured, with metamaterial
—— Measured, with metamaterial -—= Measured, without metamaterial

11. The gain of the microstrip antenna was at 10.5 GHz with and without metamaterials
in (a) the E-plane and in (b) the H-plane.

d2

d1

12. This layout shows the concept of the microstrip antenna with two metamaterial
lenses on the left and the spacing of the lenses on the right.

bandwidth. When d2 = 32 mm, the gain of the antenna increased

With the added metamaterial layer, the gain of the antenna  from 5.8 to 11.4 dB at 10.5 GHz. The optimum distances d1 and
increased from 5.8 to 12 dB at 10.5 GHz. It also increased from  d2 for good antenna performance in the 10-GHz band were d1 =
11.8 to 12.4 dB at the lower-frequency edge of the band at 10.3 16 mm and d2 = 16 mm. Il
GHz and at the upper-frequency edge of the band at 10.7 GHz at For references, see the version of this article at www.mwrf.com.

a distance of d2 = 16 mm for high gain throughout the antenna

0

0

m S0
-ﬂ\

A\

-5 A\

20} = = = Without metamaterial
ceceeed2=8mm

20 |- = = = Without metamaterial
eeceead2=8mm
—_—d2=16mm

== == d2 =32 mm

-25

— d2 =16 mm
== == d2 =32 mm

8 9 10 11 12

-25

8 9 10
Frequency (GHz)

11

12 Frequency (GHz)

14. These plots compare the simulated gain of the microstrip

13. The antenna return loss was simulated for different values of antenna without a metamaterial lens and with different values of

distance d2.
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distance d2.
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Flexible PIFA

Antenna Serves
Multiple Wireless Bands

Fabricated on flexible textile material, this planar inverted F antenna provides versatile
wireless communications coverage by handling several frequency bands with a

compact form factor.

roliferation of wireless services makes an antenna
capable of operation at multiple frequency bands
very attractive. For that reason, a planar inverted F
antenna (PIFA) was designed for wireless network
applications at 1,810, 2,530, 5,260, and 5,500 MHz. A PIFA is a
compact form of microstrip antenna (shaped like an inverted
letter “f”) that is commonly used in wireless devices, such as
cellular telephones. The goal of the design efforts was to reduce

1. This is the geometry of the proposed multiband PIFA antenna, where
L, =90 mm; L, =38 mm; L, =28 mm; Ly =8 mm; Lg =10 mm; Ls=2.5

Ly
Ground plane
LQ

mm; and L, = 23.5 mm.

A

52

the size of the PIFA antenna structure while supporting multiple
applications at commonly used frequencies, including for DCS,
LTE, UMTS, WiMAX, and WLAN systems.

Since modern electronic communications products typically
support several wireless standards, such as third-generation (3G)
or fourth-generation (4G) cellular communications and Wi-Fi,
availability of a compact antenna capable of operating at multiple
wireless bands can mean a significant savings in volume within
the final product design. By developing an antenna covering five
different radio bands, a great deal of flexibility is provided with a
relative small structure. The design was simulated with commer-
cial computer-aided-engineering (CAE) software.

Antennas for modern communications devices must support
a variety of global communication standards and services. The

2. The plot shows the computed return loss for the multiple-band

PIFA antenna.

5

—3S

0

|
[o,]

Amplitude (dB)
|
=)

0 1 2 3 4 5 6 7
Frequency (GHz)
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3. The polar coordinates represent the radiation
patterns of the multiple-band PIFA antenna at (a)
1,810 MHz and (b) 2,530 MHz.

270

TABLE 1: A SUMMARY OF

SIMULATION RESULTS FOR THE
MULTIPLE-BAND PIFA

Frequency
(GH2) 1.81 | 283 | 526 5.50
Amplitude
(dB) -21.0 | -22.7 |-10.65| -11.6

antennas for these modern communication
devices should be capable of operating within
as many bands as possible with acceptable
o return loss and radiation patterns in order

(a) 180

4. These polar coordinates show the radiation patterns of the PIFA antenna at (a) 5,260 MHz

and (b) 5,500 MHz.

to serve multiple cellular and noncellular
communication applications. In addition to
good electrical performance, the antennas
should have compact, low-profile structures
that are robust, lightweight, flexible, and easy
to manufacture.!"1% The rapid expansion
of wireless communications has created a
strong demand for antennas that are small in

Amplitude (dB)

size and can operate across multiple wireless
frequency bands to meet the requirements of
modern wireless electronic devices.> 8
Through careful design and simulation, it
was possible to develop a new PIFA covering
three different wireless frequency bands: 5.26
GHz for WLANS, 2.53 GHz for Long-Term-
Evolution (LTE) cellular communications,
and 1.81 GHz for DCS. In spite of its mul-
tiple-band operation, the antenna achieves
attractive beamwidth with good radiation
efficiency in all three frequency bands.

The antenna consists of a metal ground

0 1 2 3 4 5
Frequency (GHz)

5. This is the computed return loss for the multiple-band PIFA antenna.

5.4 6. The plots show the
5.2 simulated gain of the
_ 5.0 PIFA antenna as a
oQ
4.8
€46
(2]
S 4.4
5
E 4.2
4.0

3.8
3.6

function of frequency.

1.520 25 30 3.5 40 45 5055
Frequency (GHz)

GO TO MWRF.COM

plane with overall size of 90 x 38 x 8.05 mm
and two resonators using two parallel slots
in support of multiple resonant frequencies
(Fig. 1). A microstrip circuit connects the
resonators to the ground plane.

The fundamental resonant frequency, f;, of such an antenna
structure can be found from:
fr=c/[4(h+L)]
where
f, is the fundamental resonant frequency;
c is the velocity of light in free space;
L is the length of the antenna; and
h is the height of the antenna.

The PIFA was simulated by means of Microwave Studio simu-
lation software from Computer Simulation Technology (www.
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PIFA Antenna

SIOf Va =

|-f<—> /
cst.com). Simulation results were obtained
for the antenna for DCS, LTE, and WLAN L/
wireless frequency bands at resonant fre-

quencies of 1,810, 2,530, 5,260, and 5,500 /
MHz (Fig. 2 and Table 1). 3 £ 7
/ Resonator

Antenna radiation patterns are usually

Meander line

presented in two orthogonal planes: the E-
. . Ground plane
and H-plane radiation patterns relative to .
Shorting wall

7. The proposed antenna geometry. The

dimensions of the antenna are set as: L, = 38
mm, L, =30 mm, L, =38 mm, Lg =30 mm, L,
=28 mm, L{=1.5,L,,=23.5mm,L,=2mm,
Ly =9 mm, and Ly =28.1 mm.

TABLE 2: GAIN VARIATIONS
WITH FREQUENCY FOR THE

MULTIPLE-BAND PIFA

Frequency

(GH2) 1.81 | 253 | 526 | 5.50
Antenna gain

(dBi) 380 | 3.71 | 494 | 528

the main direction of propagation. The
E-plane plots show the locus of points in
free space representing the radiated elec-
tric € field, while the H-plane shows the
points in free space representing the radi-
ated magnetic field (H).!

Figures 3(a) and (b) show the polar
radiation patterns for the PIFA for fre-
quencies of 1.81 and 2.53 GHz, respec-
tively, with resonances within the E and
H planes. It can be seen that the radiation

patterns are directed along the 0 deg., 0
deg. axis for 1.81 GHz and the 180 deg.,
150 deg. axis for 2.53 GHz, resulting in an

Build It visually build a cable assembly omnidirectional radiation pattern.
See It get a SpeCiﬁcation instantly Figures 4(a) and (b) show the polar
Buy It online using eCommerce radiation patterns for the PIFA for fre-
quencies of 5.26 and 5.50 GHz, respec-
online at koaxis.com tively, with resonances within the E and

H planes. It can be seen that the radiation
patterns are directed along the 0 deg., 30
deg. axis for 5.26 GHz and the 0 deg., 0
deg. axis for 5.50 GHz. The width of the
antenna was changed to study the effects
of the mechanical change (Fig. 5).

Following application of the miniatur-
ization technique, the PIFA’s return loss

shows improvement. The antenna design
exhibited increasing gain with increas-
ing resonance frequency (Fig. 6). Table 2

Made in the USA +1 (610) 222-0154 shows these gain variations vs. frequency.
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PIFA Antenna

Lo
o ] o O»

8. This is the computed return loss for the multi-

o
=
ple-band PIFA antenna. -d'; -15
32
The antenna was implemented to cover <
six frequency bands with far-field radiation 3,970/ 5,100
patterns, using meander lines and Sierpen- MHz || MHz

ski textile material. Such flexible antennas

4

are suitable for body-worn antenna designs, Frequency (GHz)

with multiple-band coverage for the one
antenna minimizing the need for additional
antennas. Simulations of the flexible PIFA
antenna show acceptable performance for
all proposed frequency bands. The overall
dimensions of the ground plane widths are 38

mm to 30 mm to 0.05 mm (Fig. 7).

The authors simulated the performance
of the multiple-band PIFA in six frequen-
cy bands for mobile-phone applications for
UMTS (1,920 to 2,170 MHz); WiMAX (3,400
to 3,600 MHz); HiperLAN High Performance (a) 180 (b) 180
Radio LAN (HiperLAN; with frequency 9. The polar coordinates reveal the computed antenna radiation patterns at (a) 2,170 MHz and
bands of 1,710 MHz to 2,170 MHz, as well (b) 3,400 MHz.
as 4,800 to 5,800 MHz); 3G (1,885 to 2,200
MHz); and ultrawideband (UWB) applica-
tions (6500 MHz).13

Simulations performed with the CST soft-

ware in Figs. 8 through 10 cover dc to 7 GHz.
Results show that the PIFA provides ampli-
tude peaks in the radiation patterns at many
frequencies: —16 dB for 2.17 GHz, —28 dB for
3.40 GHz, —25 dB for 5.10 GHz, —22.2 dB for

270

- \ N . , - N ., LN
120\ “oLl.r | == T 240
10. The polar coordinates reveal the computed KRR R
antenna radiation patterns at (a) 5,100 MHz and 150 210
(b) 5,300 MHz. (a) 180
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PIFA Antenna

(a) 180 (b) 180

5.30 GHz, —22 dB for 5.65 GHz, and —35 dB for 6.45 GHz.!

The radiation patterns in Figs. 9(a) and (b) demonstrate
the dependence of return loss on frequency for the PIFA. The
results show the presence of resonances at the frequencies 2.17,
3.40, 5.10, 5.30, 5.65, and 6.45 GHz, with S;; parameter levels
of —16 dB, —28 dB, -25 dB, —22.2, 22 dB, and —35 dB, respec-
tively. Figures 9(a) and (b) show the radiation patterns in polar
(E, H) coordinates for 2.17 and 3.40 GHz, with the angular
degrees the patterns are directed along (180, 150 deg.) for 2.17
GHz and (0, 0 deg.) for 3.40 GHz.

Figures 10 (a) and (b) shows E- and H-plane radiation pat-
terns in polar coordinates computed for 5.10 and 5.30 GHz,
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11. The polar coordinates reveal the computed
antenna radiation patterns at (a) 5,650 MHz and
(b) 6,450 MHz.

300

and how the E-plane and H-plane pat-

terns move, respectively, in the 30, 30 deg.
8

270
and 0, 0 deg. coordinate directions.

The radiation patterns of the multiple-
band PIFA change in the directions of the
E and H planes for the different frequen-

240

cies of operation, as shown in Figs. 11(a)
and (b) for 5.65 and 6.45 GHz. The broad-
band trace in Fig. 12 shows that antenna gain increases with
increasing frequency. M
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What'’s the Difference?
JACK BROWNE | Technical Contributor

Selecting Electromechanical

and Solid-State
RF SWITCHES

witches provide control in RF/microwave sys-
tems, turning power on and off and channeling
signals from one branch of a circuit or system to
another. They come in many shapes and sizes, and
are based on a number of technologies,
changing contacts by electromechanical
functions or by the electronic behavior
of semiconductors like PIN diodes and
field-effect transistors (FETs).

Generally, solid-state semiconductor-
based switches are smaller and lighter
than mechanical models, and can fit into
tighter spaces in a circuit layout. Solid-
state switches are also capable of fast
switching speeds compared to mechani-
cal switches. But the small size usually
means a compromise in power-handling
capability compared to a larger electro-
mechanical switch.

Also, the continued maturity of microelectromechanical-
systems (MEMS) switches in recent years has provided a switch
technology that falls midway between the characteristics of
solid-state and conventional electromechanical switches. They
feature mechanical switching operation with the small feature
sizes associated with semiconductors.

GOING ELECTROMECHANICAL

Why choose one RF/microwave switch type
over another? In some applications, where there
is a clear need to channel high-power signals,
such as continuous-wave (CW) power levels of
hundreds of watts or peak power levels of thou-

sands of watts or more, the limited (millisec- Y

4
ond) switching speed of an electromechanical ml‘%u

switch may prove adequate for many systems.
Such switches are capable of extremely broad
continuous frequency ranges, such as the dc-
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1. Waveguide switches can be implemented with

either electromechanical or solid-state switch-
ing functions. (Courtesy of Logus Microwave)

Due to differences in key
characteristics between
electromechanical and solid-state
RF/microwave switches, designers
must choose wisely to meet
application demands.

to-18-GHz range common to electronic-warfare (EW) and
military-radar applications.

Electromechanical switches incorporate some form of physi-
cally moving switch contact to close a circuit and transfer signals
from one part of a switch component to
another. For higher-power applications,
these switches are typically constructed
with waveguide interconnections (Fig. 1)
for use in specific waveguide frequency
bands, often for satellite-communications
(satcom) systems.

Of course, all electromechanical
switches are not created equal. Depend-
ing on the configuration, they may not be
suitable for hot-switching of high-pow-
er signals. A rotary electromechanical
switch, for example, rotates an electrical
contact among different switch positions.

When it is between positions, however, it presents an infi-
nite voltage standing wave ratio (VSWR) to the source, with
the switch essentially acting as a termination for high-power
signals and ultimately suffering damage. For that reason, the
hot-switching power rating of any type of RF/microwave switch
should be confirmed before it is specified for any application
requiring high-power hot switching.

SOLID-STATE TAKES ON KILOWATT POWER
For high-power pulsed applications, such as
in radar systems, solid-state switches based on
PIN-diode switch elements have shown the abil-
ity to handle kilowatts of peak power through
3 microwave frequencies. In such a switch, a PIN
diode allows current to flow with low imped-
ance in one direction (when biased with a posi-
; 2. Coaxial switches can incorporate a simple toggle
switch for control. (Courtesy of Logus Microwave)
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tive voltage) while blocking the flow of current
with a high impedance in the other direction
(when biased with a negative control voltage).
Although PIN-diode switches may lack the
high average power-handling capabilities of

electromechanical switches, they are capable of =
somewhat faster switching speed in the microsec-
ond range. PIN-diode switches typically achieve
high off-state isolation of better than 40 dB with
low insertion loss in the on state.

This tradeoff of switching speed for power-
handling capability continues with solid-state
switches based on GaAs FET nonlinear switching elements,
which can reach nanosecond switching speeds, but typically less
than 1 W (+30 dBm) signal power. GaAs switches are capable of
extremely broadband operation through 40 GHz, depending on
the interconnection. They also offer lower-frequency (down to
dc) operation than PIN-diode switches, when dc-coupled opera-
tion is required. On top of that, GaAs switches tend to suffer less
from video leakage between switch
ports than PIN-diode switches.

In terms of package styles, both
solid-state and electromechani-
cal switches come in housings with
coaxial or waveguide interconnec-

tions (Fig. 2). However, they are also
being designed more frequently into
drop-in or surface-mount-technology (SMT) packages to sup-
port design miniaturization (Fig. 3). All types of switches may
include internal terminations or rely on external terminations
to properly terminate an unused switch port in a system’s char-
acteristic impedance, typically 50 Q for RF/microwave systems
and 75 Q) for cable-television (CATV) systems.

The switches generally have different numbers of poles and
throws, such as single-pole, single-throw (SPST) and single-pole,
double-throw (SPDT), and as absorptive or reflective units and
with latching or failsafe switching. Absorptive switches present
alow VSWR at the unselected switch port; reflective switches
have a high VSWR at any unselected signal path. A failsafe switch
features a default position and requires applied power to change
to another switch position. With loss of power, it returns to the
default position, whether normally open or closed.

A latching switch, on the other hand, will draw current to
maintain a position, using a pulsed dc voltage command to
change positions. When a latching switch loses power, it will
remain in its last position. This switch requires power to change
positions, but does not require power to remain in each position.

SWITCHES WITH MAGNETIC PERSONALITIES
Electromechanical switches have evolved to achieve higher

operating lifetimes using magnetic rather than purely mechani-

cal contact motions. Magnetic switching results in less mechan-
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3. An increasing number of solid-
state and electromechanical switch-
es are housed in SMT housings to
facilitate circuit miniaturization.

(Courtesy of Skyworks Solutions)

ical wear, extending what was once consid-
ered a normal switch lifetime of 100,000
switching operations to much longer life-
times of typically millions of switching
operations. Less physical wear also means
less performance degradation over time,
with consistent performance provided for
essential switch performance parameters
such as insertion loss, isolation, and VSWR,
even after millions of switching operations.
Another type of electromechanical
switch that employs the use of magnetic
actuation is the ferrite switch, which is actually a form of elec-
trically reversible ferrite circulator. It uses magnetic fields to
change switch positions, with applied current magnetizing
a resonator formed of ferrite substrate material. In terms of
power-handling capability, a ferrite switch is typically some-
where between a rotary electromechanical switch and a PIN
diode switch, and has been used in applications such as fire-
control radar systems that use
4. RF switches based on MEMS

technology combine many of

multiple antennas for identifica-
tion. A ferrite switch enables the
the features of electromechan- use of a single signal source for
ical and solid-state switches.

(Courtesy of Radant MEMS)

multiple radar system antennas.

Ferrite materials have also been
the basis for toroidal waveguide
switches, where multiple phase
shifters are used to achieve the switching function. By incor-
porating a waveguide tee, input signals can be divided, shifted
in phase, and then recombined for addition or subtraction,
depending on the output port. The choice of ferrite materials in
such switch designs is critical, since operating power and tem-
perature can affect performance, with increased insertion loss
often occurring at elevated power levels.

A MEMS APPROACH

High-frequency switching functions have also been imple-
mented with MEMS technology, which combines many of
the benefits of solid-state and electromechanical approaches.
MEMS switches are electromechanical in nature, with low loss,
high isolation, and long operating lifetimes, but are fabricated
with semiconductor-type processes and dimensions (Fig. 4).

MEMS switches, which consist of electronic and mechanical
sections, offer the reliability of millions of switching opera-
tions and frequency operation into the millimeter-wave region.
Switch actuation is most often by electrostatic means, although
MEMS switches have also been designed with magnetostatic
and piezoelectric switch actuation. They are capable of micro-
second switching speeds with reasonable isolation and relatively
low loss. MEMS switches have gained favor in portable and
mobile electronic designs due to their small size, low power
consumption, and relatively low cost. I
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Application Notes

UNCOVER MASSIVE MIMO TECHNOLOGY CHALLENGES

IFTH-GENERATION (5G) NET-

WORKS are expected to utilize

advanced technology to fulfill
lofty expectations. Specifically, mas-
sive multiple input, multiple output
(MIMO) antenna schemes are likely to
be implemented to sat-

input, multiple output (SIMO); multiple
input, single output (MISO); and mul-
tiple input, multiple output (MIMO).
After describing single-user MIMO in
some detail, multi-user MIMO is then
explained. Some differences between

single-user and multi-user

isfy future demands. The
application note, “Exam-
ining the Challenges in

Implementing and Test-

Keysight Technologies,
1400 Fountaingrove

Pkwy., Santa Rosa, CA
95403; (707) 577-2663;
www.keysight.com

MIMO are discussed. An
illustration is included to

demonstrate how using

more antenna elements,

ing Massive MIMO for
5G” from Keysight Technologies, begins
with a review of the MIMO process. It
then discusses some of the challenges
associated with implementing massive
MIMO, as well as challenges and solu-
tions involved in the simulation, design,
and testing of massive MIMO systems.
The application note begins by de-
scribing four types of antenna systems:
single input; single output (SISO); single

as well as applying a phase
shift, can impact a transmitted signal.
An overview is provided of the mas-
sive MIMO process in a time-division-
duplex (TDD) system. Next, two mas-
sive MIMO MATLAB simulations are
presented, each with four users and one
base station. In both examples, each
user-equipment (UE) has a single an-
tenna, while the base station contains a
multi-antenna array. The base station in

the first simulation example has a linear
array of 50 omni-directional antenna el-
ements, while the second example’s base
station has a linear array of 200 omni-
directional antenna elements. The results
from both simulations are presented.

Three challenges are discussed in
terms of implementing massive MIMO:
reciprocity error, signal-to-interference
ratio (SIR), and channel coherence time.
Challenges and solutions associated with
massive MIMO testing are then dis-
cussed. For example, test equipment
must accommodate the needs for higher
frequencies and wider bandwidths. Test
methods also must support the tens to
hundreds of antennas that are likely to
accompany massive MIMO designs.
Lastly, the document describes Keysight’s
real-time beamforming measurement
system, which consists of both hardware
and software solutions.

TECHNOLOGY TRANSFORMS HOMES INTO SMART HOMES

A REPORT COMPILED from nearly 1,300 U.S. consumers in
April 2016 provided insight in terms of why customers are
interested in smart-home services, what features they really
want, and how they intend to use smart-home technologies.
According to the report, the real desire of consumers is ser-
vices, or smart home as a service (SHaaS), as opposed to
a collection of connected devices. SHaaS is the subject of
Qorvo's white paper titled, “What is SHaaS? And why should
you care?”

Home automation devices have actually existed for decades,
allowing people to remotely control doors, windows, environ-
ment, entertainment, etc. The X10 communication protocol,
which was introduced in the 1970s, enabled wireless control
of a wide range of in-home devices. The document asserts that
many of today’s smart-home devices are only slightly more so-
phisticated than X10 systems, with a smartphone being used in
place of—or in addition to—a local remote control.

Converting a basic connected device to a smart device re-
quires three additional capabilities. First, the device must con-
nect to and communicate with other smart/connected devices

in the home. It also needs to be intelligent, meaning that a
smart-home solution must recognize a home’s normal behav-
ior so that proper action can be taken when something unex-
pected occurs. Lastly, all functions need to be managed from
a single application on a web-connected device, such as a
smartphone or tablet.

Utilizing a SHaaS ecosystem can reduce redundancy and
maintenance. For example, a single sensor can be used for a
range of applications. A motion sensor could be used to control
lighting, manage the home envi-
ronment, and more.

A description of four basic
components in a SHaaS ap-
plication is provided. The first
component is a network of sensors in the home. Secondly, a
local hub wirelessly collects the information derived from these

Qorvo Inc., 2300 NE
Brookwood Parkway,
Hillsboro, OR 97124;

(844) 890-8163;
www.qorvo.com

sensors. This information is securely transmitted to an intelligent
cloud service that collects and analyzes the data. A central
management app for the consumer and service-provider sup-
port are the third and fourth components, respectively.
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The second generation of a vector signal transceiver
(VST) module reduces the physical size of the
first-generation instrument while increasing its

performance and functionality.

MODULAR TEST SYSTEMS can require some imagination,
especially in terms of how much measurement functionality
is possible in such little space. With PXIe instrument modules,
for example, a test system with signal generators and analyz-
ers occupies a fraction of the volume of traditional “one-box”
instruments. What used to occupy a full 19-in. rack can now
fit right beside a computer on a workbench. The first-genera-
tion model PXIe-5644R vector signal transceiver (VST) from
National Instruments was impressive, fitting a test system
within three PXIe slots. The firm’s second-generation model
PXIe-5840 VST is even more amazing, extending frequency,
bandwidth, and overall performance of the first-generation
VST in 33% less volume (just two PXIe slots) while adding a
fifth virtual instrument, a high-speed serial bus. What was
once a large rack of instruments is now a handful of measure-
ment power.

As with the first-generation PXIe-5644R VST, the PXIe-5840
VST (Fig. 1) requires a new way of thinking about test equip-
ment and electronic systems. In terms of functionality and
performance, the new VST is loaded, with a 1-GHz instanta-
neous analysis bandwidth that can be tuned from 9 kHz to 6.5
GHz. It is a complete hardware system that fits within a pair of
PXIe chassis slots—and a large part of that volume is devoted
to heat sinking and thermal management. The PXIe-5840 VST
includes a fast-switching signal generator/transmitter and wide-
band receiver or analyzer as well as a user-programmable field-
programmable gate array (FPGA) and a high-speed digital
interface that allows the rapid transfer of data for diverse appli-
cations, from signal and channel monitoring to research and/or
production test-and-measurement use.

In many ways, the PXIe-5840R VST is the logical conclusion

GO TO MWRF.COM
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1. The PXle-5840R vector signal transceiver packs what once required
a rack of instruments into a two-slot PXle instrument module capable
of 1-GHz instantaneous analysis bandwidth from 9 kHz to 6.5 GHz.

of combining a PC with a system-level approach to test and
measurement. The PXIe module contains the usual input and
output test ports found on a one-box instrument, including for
reference oscillators and local oscillator (LO) signals as needed
for frequency upconversion and downconversion of signals of
interest. But there are none of the bells and whistles that usu-
ally crowd the front panel of a conventional one-box analyzer.
Instead, control and adjustments take place on a PC or other
computing device and results are shown on a PC screen. The PC
or other computing device orchestrates the measurement func-
tions by running suitable measurement/monitoring software,
such as the popular LabVIEW system-design software from
National Instruments.

By drawing upon the flexible LabVIEW software for mea-
surement definition, the test capabilities of the PXIe-5840R
VST can be redefined in the time it takes to change settings in
software or download an example application from a library of
programs compiled by the growing LabVIEW user base. The
beauty of the PXIe modular instrument format is its ease in
expanding a test system’s inputs and outputs, by adding modules
to a chassis. This can be particularly useful for applications such
as testing antenna arrays or multiple-input, multiple-output
(MIMO) antenna systems. When a device under test (DUT) is
for an existing communications standard, such as Bluetooth or
Wi-Fi, more than likely the required set of measurements for
compliance to that standard can be found ready for download in
the LabVIEW software library.
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SAVING TIME AND SPACE

In addition to the compact footprint provided by PXIe sys-
tems, there is also an associated savings of time in setting up
a system for a particular measurement. For multiple-channel,
phase-sensitive measurements, for example, which would nor-
mally require great attention to a choice of properly phase-
matched coaxial cables maintained within a controlled-tem-
perature environment, the interconnections in a PXIe system
take place on the measurement chassis backplane, with the tight
tolerances for amplitude, phase, and timing synchronization
among multiple test channels already defined by the PXIe back-
plane specifications.

Admittedly, some engineers may prefer the simplicity of a
single box, such as a digital storage oscilloscope (DSO) and a
trusted set of probes, over the almost unbounded measurement
capability afforded by a software-driven, modular system built
around the PXIe-5840R VST. For troubleshooting or simple
measurements, a one-function box offers the simplicity of a
limited set of measurement options. But as modern electronic
components grow in complexity and continue to integrate
functionality within smaller package sizes, measurements also
grow in complexity. Having a large part of an automatic-test-
equipment (ATE) system block diagram within two slots of a
PXIe chassis, such as with the PXIe-5840R VST, erases questions
about finding the right test signal source or if the test signal level
is sufficient for properly evaluating passive components, such
as filters.

The PXIe-5840R VST embodies numerous performance
improvements over the company’s first-generation VSTs, not
to mention the reduction in physical size. The frequency range
of 9 kHz to 6.5 GHz covers many commercial wireless com-
munications bands, including Third-Generation (3G) and
Fourth-Generation (4G) cellular radio frequencies. Access to
the VST’s internal LO allows the use of a frequency-extension
module mounted alongside the VST in a PXIe chassis to extend
the usable frequency range into the millimeter-wave range
for such applications as commercial automotive radar testing.
The 1-GHz instantaneous bandwidth of the VST’s receiver is a
tremendous aid for testing applications with wideband modula-
tion or for evaluating different measures used in RF/microwave
amplifiers to enhance linearity, such as digital predistortion
(DPD), that can quickly consume bandwidth.

The PXlIe-5840R delivers a healthy amount of vector signal
generator (VSG) power, typically +23 dBm continuous-wave
(CW) power at 1 GHz or about 10 dB more power than the
first-generation VSTs. The PXIe-5840R’s vector signal analyzer
(VSA) boasts +0.35 dB amplitude accuracy in its measurements
for highly accurate gain and loss measurements. With the grow-
ing complexity of RF-related measurements for wireless mobile
devices, the PXIe-5840R can deliver data in a hurry, with bet-
ter than 200 ps frequency tuning speed or a better than 33%
improvement in tuning speed over the first generation.
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2. The “soft front panel” provided by the LabVIEW GUI helps to speed
and simplify advanced component testing with the PXle-5840R VST
and other PXle instrument modules.

Availability of an instrument module like the PXIe-5840R
tends to blur any distinction between what is a test instru-
ment and what was once known as an ATE system. The VST is
essentially both, a software-defined measurement tool that can
be programmed by a user. It is powered internally by a Virtex
7 X690T FPGA from Xilinx (www.xilinx.com) to accept user
instructions on how to perform a measurement. The fast tuning
speed and lack of latency within the PXIe-5840R make it pos-
sible to collect comprehensive test results across wide measure-
ment bandwidths, with more data points for analysis in shorter
measurement times.

What was once an ATE system typically involved one or more
racks of single-function test instruments and custom software
that would be used to perform specialized automated measure-
ments, such as amplifier gain and output power as functions
of frequency. The large racks are no longer needed and the
custom software has been replaced by the user’s instructions,
whether from LabVIEW or some other program. For users of
LabVIEW, the firm offers a number of different test examples
and case studies that serve as starting points for users seeking
rapid development of a test solution using LabVIEW with the
PXIe function modules. For example, the modules and software
have been used by organizations such as NASA to shave hours
off the development time of creating specialized automated
measurements on microelectromechanical-systems’ (MEMS)
space-based components.

The NI PXIe-5840 VST not only performs measurements
quickly, it can move the test results quickly via an eight-channel
parallel 50-MHz wide parallel digital port as well as a four-
channel bidirectional high-speed serial interface capable of
12 Gb/s data transfer speed. It can be teamed with other PXI
modules, such as source-measure units and VSAs, for advanced
measurement capabilities within a single PXIe chassis. The Lab-
VIEW GUI serves as what the company calls a “soft front panel”
to help guide users in setting up even advanced measurements
on amplifiers with DPD and envelope tracking (Fig. 2). Wheth-
er for research or production, the next-generation NI PXIe-
5840R VST represents a next step in the way to perform high-
frequency measurements quickly and effectively. Gl

NATIONAL INSTRUMENTS, 11500 N. Mopac Expressway, Austin,
TX 78759-3504; (512) 683-0100, www.ni.com.
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Mini-Circuits’ New AVM-273HPK+ wideband microwave
MMIC ampilifier supports applications from 13 to 26.5 GHz
with up to 0.5W output power, 13 dB gain, =1 dB gain
flatness and 58 dB isolation. The amplifier comes supplied
with a voltage sequencing and DC control module providing
reverse voltage protection in one tiny package to simplify your
circuit design. This model is an ideal buffer amplifier for P2P
radios, military EW and radar, DBS, VSAT and more!

The AVA-183A+ delivers 14 dB Gain with excellent gain flatness
(+1.0 dB) from 5 to 18 GHz, 38 dB isolation, and 19 dBm
power handling. It is unconditionally stable and an ideal
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dynamic range, low noise, and excellent IP3 performance,
making it ideal for LTE and TD-SCDMA. Good input and
output return loss across almost 7 octaves extend its use to
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Product Trends
JOHANA YAN | lead Engineer

MaXentric Technologies, www.maxentric.com

Optimizing Design of
Envelope-Tracking Power
Amplifiers for 4G/5G

By utilizing the proper hardware and software, the envelope-tracking technique
can be implemented to enhance power amplifier performance.

greater

BLOCK DIAGRAM OF THE NI PXI ENVELOPE-TRACKING POWER AMPLIFIER TESTBENCH

spectral efficiency
among next-generation
communication stan-
dards, such as 4G/5G,
has led to the use of
more complex modula-
tion schemes to address
an increasing demand
for higher data rates.
Older modulation
schemes based on phase
or frequency modula-
tion with no amplitude
information carried on

Efficiency Measurement and Power-Supply Setup

Initialize 4130 Initialize 5680 Power Meters Initialize 5186 Oscilloscope Measurements
Power SMUs RF Power Envelope and RF
DC Supplies Measurements Path Observation
Signal
Envelope & RF Signal Generation Setup DPD Selection (T/F) | Generation
Initialize 5646R VST Initialize 5451 AWG Sync VST/AWG — XS]?)
RF Signal Envelope Send IQ and Env. Path
Generator Signal Generator Envelope Waveforms
RF Path  RTTA >

Linearization — DPD

Determine DPD
Signal

Capture RF Output
5646R VST

Perform Linearization on Resulting Baseband 1Q Signals

the signal could be sup-
ported by power amplifiers (PAs) driven into compression, and
thus operating at higher levels of power-added efficiency (PAE).

However, due to the need for spectral efficiency, modulation
schemes that include amplitude variations lead to signals with
non-constant envelope and high peak-to-average signal ratio,
resulting in PAs that frequently operate below their compres-
sion point and at lower PAE values.

The efficiency of the PA determines the power consumption,
size, and battery lifetime of the radio. Various techniques, such
as envelope tracking (ET), have been explored to increase the
efficiency of PAs for high peak-to-average power ratio (PAPR).
ET adjusts the supply voltage applied to an RF PA to deliver the
power needed at that instant.

This article describes the development of an envelope-track-
ing power amplifier (ETPA) testbench capability for real-time
efficiency and linearity measurements for optimizing ETPA
design, along with flexibility to accommodate different 5G
signals. This capability uses NI LabVIEW software to test and
optimize the ETPA, in addition to a vector signal transceiver
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1. This is a diagram of the NI PXI ETPA testbench.

(VST) for RF signal generation and an arbitrary waveform
generator (AWG) for envelope signal generation. The design,
on-board retuning, and final optimization are performed with
the NI AWR Design Environment.

ET technology enables operators to utilize only as much
power as is necessary to provide the amplified output. This
technology reduces energy consumption, thus significantly
lowering operating costs while providing environmental sus-
tainability. In addition, from the hardware system perspective,
this allows a smaller form factor and higher reliability due to
lower junction temperatures, as well as much lower weight due
to reduced battery and energy requirements.

Aside from designing for high efficiency, today’s PA design-
ers must be concerned about amplifier linearity maintaining
signal integrity in a crowded frequency-spectrum allocation.
High linearity is required in these communication systems in
order to minimize signal distortion and reduce bit error rate
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2. This integrated envelope modulator is
designed for micro base stations.

(BER), as well as reduce adjacent chan-
nel interference.

ADVANTAGES OF NI PXI HARDWARE
AND LABVIEW SOFTWARE

Traditional testbenches are made to
test PAs with a constant supply volt-
age. With ET, a modulator is used as a
dynamic power supply that varies as a
function of the signal’s envelope. This
technique is deliberately designed for
signals with high PAPR; hence, tradi-
tional PA tests cannot be used to validate
their performance. Communication
systems need to be developed based on
the average performance of an ETPA
operating under typical modulation
conditions, as opposed to continuous-
wave (CW) performance at the peak
supply voltage. The problem is further
complicated by the lack of accurate
simulation models over a wide range
of supply voltages. Most device models
are valid at the nominal constant sup-
ply voltage +10%. With ET, the supply
voltage can be 90% lower than the peak
supply voltage. Thus, real-time perfor-
mance measurements are highly desired
for optimizing the ETPA.

Testbenches built in the past have tak-
en a year or more to complete. With NI’s
integration and the use of LabVIEW, the
designers were able to complete the NI
ET testbench in less than two months.
An important feature offered by PXI
is the ease of synchronization between
equipment modules.

Due to the nature of ET, it is critical
that the supply envelope signal arrive

GO TO MWRF.COM

at a specific time with respect to the RF
signal. Additionally, 5G PAs need to sup-
port various types of modulations, which
the VST can generate. Another advan-
tage of the VST is its wide frequency
range of 65 MHz to 6 GHz. And with
200 MHz of instantaneous bandwidth,
the VST allows system flexibility for
various applications.

Because envelope tracking is inher-
ently wideband in terms of tunable RF
bandwidth, a wideband ETPA with this
NI ET testbench can be used to test vari-
ous LTE bands, GPS, and military appli-
cations—all in the same day, with simply
a click to change the RF frequency.

OPTIMIZING WITH THE VST AND
MICROWAVE OFFICE SOFTWARE

To develop a testbench for optimiz-
ing envelope tracking, the various mod-
ules shown in Fig. 1 were used. Power
source measurement units (SMUs)
were employed to allow for real-time
dc-power-consumption measurements.
The RF power meters enabled engineers
to monitor the input and output pow-
er. In LabVIEW, these measurements
are put together and calculations are
performed to allow for instantaneous
monitoring of the efficiency, gain, and
output power.

The envelope signal was generated
using the AWG. The VST served as the
RF signal generator as well as the RF feed-
back analyzer. The envelope-shaping
relationship between the true envelope
of the signal and the supply voltage was
optimized easily by simply loading a dif-
ferent equation. In addition to address-
ing the PA efficiency through real-time
ET, digital predistortion (DPD), using
the feedback signal and MathScript,
was used to improve the linearity of
the ETPA.

To further improve the performance,
impedance tuning was applied based
on information derived from load and
source pulling with external tuners. The
Microwave Office software was used to
apply the optimized tuning to the on-
board ETPA RF matching circuitry. The
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Envelope-Tracking Technology

ORIGINAL TUNING VS. ET TUNING

PCB_OUTPUT_TUNER 2

2.14 GHz
r 0.460586
x 0.23633

¥ Original

Z0=10 Ohm

3. The ETPA was retuned using the Microwave Office software.

reduced characterization time and capability to optimize the
ETPA in real-time is a significant game-changer for power-
amplifier designers.

The time alignment of the amplitude signal and RF signal
at the RF transistor is critical for optimizing the ETPA’s per-
formance. A time misalignment in these two signals will pro-
duce signal distortion, degrade adjacent channel power ratio
(ACPR) performance, and reduce efficiency. Characterization

4.28 GHz ] / L
r0.0233428 6.42 GHz
x-0.264982 | r0.852585

- x -3.39606
2 14 GHz /
/ r0.504413 Y/,

4.28 GHz 1 |x-0.516748 6.42 GHz
r0.0264921 %; r (;«255%7222 Swp Min
x-0.295134 x-2. 1 GHz

of the time-delay difference between these two signal paths
will allow for time alignment.

This delay difference may vary with temperature or aging.
Therefore, the system needs to compensate for this variation
to ensure optimum performance. Using NT's PXI, VST, AWG,
and LabVIEW, the designers were able to visually see the
improvement/degradation in linearity and efficiency as the
alignment between the RF signal and the envelope supply was
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altered in real-time.

RESULTS OF ENVELOPE TRACKING

The NI VST and PXI were used to opti-
mize the LTE Band 1 (2.14 GHz) PA using
MaXentric’s MaXEA 1.0 modulator (Fig.
2). The MaXEA 1.0, designed for micro
base stations, is a 30-V integrated enve-
lope modulator with greater than 70%
modulator efficiency. It can deliver up to
7 W of average envelope output power. It
is designed to support signals with high
PAPRs, such as those used in 4G/5G. The
MaXEA 1.0 is compatible with various
PA technologies—among them, later-
ally diffused metal-oxide semiconductor
(LDMOS), gallium nitride (GaN), and
gallium arsenide (GaAs).

In this example, a GaN device was
employed for the PA design. The PA was
tuned and optimized for ET operation
using the NI PXI system. Initial output
and input external tuners were used to
optimize the efficiency, gain, and output
power of the ETPA. The desired input
and output impedances were measured

EXODUS ADVANCED with a vector network analyzer (VNA).
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Envelope-Tracking Technology

Microstrip-based board matching circuits were
designed and simulated with Microwave Oftfice
(Fig. 3). The retuned ETPA was then measured
again using the PXI, VST, and LabVIEW ET
setup to confirm its performance. Time align-
ment between the RF (VST) and the envelope
(AWG) paths was performed digitally in Lab-

(b) With MaXPAL

VIEW for best efficiency and linearity. BEFORE MAXPAL LINEARIZATION
Without linearization, the ETPA achieved 6 Pout Gain Drain Efficiency PAE
W of output power with 11.5 dB of gain and 53% 598W  11.48dB 56.88% 52.83%
PAE. After applying MaXentric’s linearization, 3 o ; [ ] Zg
the output power and gain remained the same. ‘—é 0.8 f 30
The PAE slightly improved to 54.6%, with better < 07 ya 3 20
than —45 dBc ACPR. To demonstrate how ET 2 82 i = ]g ; N
can improve efficiency and linearity, measure- —?D; 04 {/ éﬂ. 1ol
ments were performed for the same GaN device N 03 7/ o 20
under constant drain biasing. Achieving the g g? 4318 i
same linearity performance without ET required 2 0 50
the input power to be éigniﬁcantly reduced. The o 02864 Be" 08 | 0 02°04 56 08 1
results were a 19W efficiency of 6.1% at O'S,_W Normalized Input Amplitude (c) Normalized Input Amplitude
output power without DPD and 22.5% efficien-
cy at 2 W of output power with DPD. Figure 4
shows the MaXentric ETPA with MaXEA (a), AFTER MAXPAL LINEARIZATION
the spectra before and after MaXPAL lineariza- ¢ E)%U{N : ]GfsindB Dro?sEgzi/enCY 55@57
tion (b), the AM/AM and AM/PM before MaX- ‘ ' R o
PAL linearization (c), and the AM/AM and AM/ ‘é 0 ; 4 4518
PM after MaXPAL linearization (d). 5 0.8 30
£ o7 9 20
CONCLUSION g‘ oe EC? 4
= 04 T 0 ==
Synergy between NI's measurement equip- _?, 0.4 £ 10
ment and NI AWR Design Environment é 8; o gg
enabled the ETPAS design success. This solution g 01 40
helped the designers significantly reduce PA Z 0 -50
optimization time without sacrificing measure- 0 02 04 06 08 1 0 02 04 06 08 1
ment accuracy. The VST’ flexibility and widely Normalized Input Amplitude (d) Normalized Input Amplitude

tunable RF frequency allowed the designers to

design, optimize, and demonstrate wideband 4. Shown are the ETPA with the envelope modulator (a), the spectrum both with and with-
ETPAs across different bands and applications  out MaXPAL linearization (b), AM/AM and AM/PM before MaXPAL linearization (c), and AM/
all in the same day. T AM and AM/PM after MaXPAL linearization (d).
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BRAD FRIEDEN | Applications Engineer for Aerospace Defense Industry Solutions

Keysight Technologies

Improve Scope SNIR
Via Processing Gain

Digital downconversion and vector-signal-analysis software make it possible for an
oscilloscope to view low-level pulses in the presence of much larger pulses.

PULSED SIGNAL MEASUREMENTS with an oscilloscope can
become challenging when there is a lack of sufficient dynamic
range and signal-to-noise ratio (SNR). In many applications,
whether commercial or military, low-level pulses are often
difficult to detect and measure in the presence of much larger
pulses. However, using a technique to “span down” the initial
3-dB bandwidth of an oscilloscope by means of digital down-
conversion can greatly enhance an oscilloscope’s SNR. In fact,
it’s possible to view two pulses separated by 50 dB in amplitude
on an oscilloscope with the proper enhancements.

The help comes in the form of vector-signal-analysis (VSA)
software, which processes captured data from an oscilloscope
and performs digital downconversion to show low-level pulses
on a log-magnitude scale—even in the presence of much larger
signals. The approach helps accelerate system-validation mea-
surements on pulsed RF signals in aerospace and defense sys-
tems, as well as in commercial and industrial radar systems. The
process can markedly improve measurement accuracy when
evaluating the spectral, pulse-envelope, frequency-chirp, and
phase-shift characteristics of an RF pulse train.

Teaming VSA software with a digital oscilloscope signifi-
cantly extends the SNR of the oscilloscope. Such software has
the ability to shift captured oscilloscope RF

1. By using an oscilloscope with 8-GHz capture bandwidth, a +6-dBm

pulse will obscure a second pulse (not visible on the display screen)
that is 50 dB lower in level than the first pulse.

SOFTWARE IN ACTION

To demonstrate the effectiveness of this approach, a wide-
band 8-GHz oscilloscope was employed to capture a pulse
train with a large pulse, followed by a lower-level pulse that

signal samples down to baseband in-phase Real part
d drat I and . 1 incident (1)
and quadrature (I and Q) signal compo- Cos(2nfnM)
nents, and then apply bandpass filtering and oy |
resample the signal data at a lower sample Q i) E D .
rate to greatly reduce the noise levels. The
result is a higher dynamic range and lower ~S°°Pe Digital local
. } . samples oscillator (F )
SNR, allowing detection of low-level signals f) Memory Processing
even in the presence of higher-level signals. > g |70 phase R " >
. e-sampling
shift ;
F'=F/n
2. To improve the measurement SNR, samples ¢
captured on the oscilloscope are fed to a per- _®_> / o Q(t) >
sonal computer running the VSA software to .
o . . =Sin(2nf_nAt)
perform digital downconversion and achieve Imaginary part
incident (Q)

processing gain.
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3. With the aid of the VSA software and center frequency, and span

settings of 3.7 GHz and 500 MHz, respectively, the 50-dB down pulse

is now visible.

is 50 dB less in amplitude. The smaller pulse is 100,000 times
lower in power than the larger pulse and =316 times smaller in
voltage (100,000)%.

This two-pulse sequence repeats as part of the pulse train,
with the lower-level pulse difficult to detect. The larger pulse
has a power level of +6 dBm (about 1.4 mW), which results in a
peak voltage of about 633 mV into a 50-Q load. This is a -4-dBV
peak level, or 20log(0.633). It also corresponds to a 1266-mV
peak-to-peak signal into 50 Q. In comparison, the smaller
pulse—316 times smaller in voltage—is only 4 mV p-p (-44
dBm, -54 dBV peak level).

For this two-pulse example, the VSA software, which also
works to control the oscilloscope front-end sensitivity, is
set to +6 dBm (633 mV peak). This corresponds to a ver-
tical measurement range of 1,266 mV on the oscilloscope.
The oscilloscope has eight vertical divisions, so the setting
is approximately 160 mV/div. Using the oscilloscope’s full
8-GHz bandwidth at this approximate 160-mV/div setting,
the broadband root-mean-square (RMS) noise is around 5
mV, interpolated from a noise chart on the oscilloscope’s data-
sheet (see table below).

That translates to 15-mV p-p noise. As a result, the smaller
pulse (at only 4 mV p-p) will be masked by the instrument
noise in the measurement (15 mV p-p). In turn, it will not be

RMS LEVELS FOR 8-GHZ OSCILLOSCOPE AT DIFFERENT
VERTICAL SETTINGS (Vrms AC)

S-SERIES SNR VS. MEASUREMENT SPAN AT 0-dBW RANGE
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4. This plot shows the SNR that can be achieved in a time view versus
span adjustment, using the VSA software.

discerned when using the full 8-GHz measurement bandwidth
of the oscilloscope, with a linear scale and no averaging (Fig. 1).

DIGITAL DOWNCONVERSION

Although basic pulsed RF measurements can be made
natively on a high-bandwidth oscilloscope, and there are cer-
tainly times that measurements on directly sampled signals are
desired, external signal processing and analysis on captured
signals can provide additional insights into measurement data.
For example, a process called digital downconversion makes
it possible to perform a wide range of RF pulse measurements
with higher accuracy than native oscilloscope measurements,
thanks primarily to the presence of lower noise due to an effect
called processing gain.

Figure 2 shows the basic process of digital downconversion.
By means of digital signal processing (DSP), measurement sam-
ples from the oscilloscope are multiplied by the sine and cosine
of an imaginary oscillator with center frequency f.. This DSP
technique is, in effect, “tuning” to the frequency of the input
signal. The process converts the time samples into real and
imaginary number pairs that completely describe the behavior
of the input signal.

To reduce noise, these samples can be lowpass-filtered and
then resampled at a lower rate to reduce the size of the data set,
allowing fast-Fourier-transform (FFT) processing of the data at
a later stage. The resulting digitally down-
converted samples can then be placed into
memory for further processing, such as

GO TO MWRF.COM

calculating the FFT.
Important demodulation data comes
from this digital-downconversion pro-
1 74 90 120 130 153 195 260 cess. First, when the digital local-oscillator
2 74 90 120 130 153 195 260 . .
5 77 o4 120 135 173 205 320 (LO) £, is equal to the carrier frequency of
10 87 110 163 172 220 256 390 a modulated signal, then the output of the
20 125 163 233 254 330 446 620 digital filters, which includes the real or
50 372 456 610 650 768 1300 1400 : :
100 780 960 1200 1300 1600 2300 3100 | \n-Phase signal component, I(t), and the
200 1600 | 2000 | 2600 | 2800 | 3400 | 4900 | 6400 | imaginary or quadrature part, Q(t), con-
500 3500 4300 5500 6000 7300 10,000 13,300 | sists of time-domain waveforms that rep-
1000 5100 6800 9200 10,100 12,500 17.600 42,100 resent the modulation on the carrier signal.
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Improving Oscilloscope SNR

More specifically, a mathematical representation of the cap-
tured input signal is:

A(t){cos[2nf.t + O(t)]}
where the amplitude modulation, A(t), can be written as:

A(t) = [I(real)® + Q(imaginary)z]o‘5
and the phase modulation, 8(t), can be written as:

B(t) = tan"![Q(imaginary)/I(real)]

Displaying the I and Q results in terms of magnitude coordi-
nates yields a view of the amplitude modulation, and showing
the T'and Q results in terms of phase coordinates yields a view of
the phase modulation. By taking the derivative of phase modu-
lation, frequency modulation (FM) is:

FM = d6/dt

By adjusting the width of the lowpass filters, it is possible to
set a defined span around the center frequency. Here, the filter
width is wide enough to pass a signal of interest, but narrow
enough to filter out much of the noise that is surrounding the
signal of interest.

If the oscilloscope’s captured data is imported to a PC run-
ning the VSA software, it can be digitally downconverted into
I'and Q baseband data, bandpass-filtered, and then resampled.
This process can greatly decrease the amount of noise in the
measurement data. Essentially, the process “tunes” to the cen-
ter frequency of the signal and then “zooms” into the signal
to analyze its modulation, providing “processing gain” for the
captured data.

TAKING ON TWO PULSES

For the two-pulse example, the oscilloscope’s original 8-GHz-
wide measurement and its associated noise are reduced to a
500-MHz-wide measurement. It is centered on the 3.7-GHz
carrier with an instantaneous measurement bandwidth slightly
wider than the width of the signal modulation.
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5. Dynamic range is shown in a FFT versus resolution bandwidth set-

ting in the VSA software.
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The reduction in measurement bandwidth corresponds to
a SNR improvement of 10log(oscilloscope bandwidth/span) =
10log[(8 x 10%)/(500 x 10°)] = 12 dB. The enhanced SNR, com-
bined with the ability of the VSA software to show a log magni-
tude scale and the use of averaging, makes it possible to display
the smaller pulse in the presence of the larger pulse (Fig. 3).
Figure 4 depicts the improvement in SNR by narrowing the span.

A similar plot can be drawn to show the improvement in
dynamic range that’s possible when measuring narrowband sig-
nals (Fig. 5). The boost in dynamic range of 10log(oscilloscope
bandwidth/span) when measuring narrowband signals in an
FFT view does not fully describe the spurious-free dynamic
range (SFDR) or harmonic distortion characteristics of the
oscilloscope. However, it does give an idea of where the noise
floor will lie in an FFT measurement. As the resolution band-
width is decreased, the total noise is divided among smaller
increments of time, resulting in the noise floor dropping. The
plot of Fig. 5 does not account for limitations due to various spu-
rious responses; therefore, the SFDR as shown remains limited
to around 50 dB. Il
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Product Feature
JACK BROWNE | Contributing Editor

Novel Design Strategy
Yields Stable SAW Filters

By applying modern filter theory to SAW filters, the process limitations of commercial
SAW foundries can be included in the total design process to create low-cost, chip-
scale SAW filters with BAW-like performance.

FILTERS CONTROL THE CONGESTION of modern communica-
tions signals. They are essential for preventing interference in
electronic systems but can be challenging to implement, espe-
cially as mobile communications devices continue to increase
functionality in ever-smaller packages. Taking a fresh look at RF
filters, Resonant (www.resonant.com) applies modern design
strategies such as finite-element analysis (FEA) to the creation
of acoustic-resonator filters, creating surface-acoustic-wave
(SAW) filters with performance comparable to bulk-acoustic-
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1. The two passbands of a Band 3 LTE duplexer appear closely matched
between simulated and measured responses due to the accuracy of
the ISN design approach.

GO TO MWRF.COM

wave (BAW) filters, but in fractions of the time and cost normal-
ly required for BAW filters. Then they license rather than sell the
designs to customers seeking miniature high-performance RF
filters for mobile devices and other wireless products. The secret
ingredient in this innovative approach to building RF filters is
Resonants Infinite Synthesized Networks (ISN) design process.

Resonant works with commercial SAW foundries to account
for known process variations as part of a filter design, to achieve
BAW-like performance from commercial SAW fabrication
processes. Faced with the challenge of developing a duplexer to
filter the separate receive and transmit frequency bands within
a 4G cellular LTE mobile handset, but not wishing to incur
the cost of a BAW process, the firm relied on the ISN design
approach to transcend the limitations of working with a par-
ticular SAW fabrication facility. Acoustic wave filters have tra-
ditionally employed ladder networks synthesized with the aid of
foundry-based empirical models to achieve target performance
levels. Under certain conditions, such as narrow operating
temperatures, this can be successful. But faced with the real-
world operating conditions of mobile LTE handsets, BAW filters
and duplexers typically suffer less performance degradation at
higher power levels and temperature extremes.

Resonant’s engineers sought a means of including different
behavioral mechanisms into a SAW filter design, such as linear-
ity from high signal power levels and frequency variations due
to temperature, while working within the boundaries of a given
SAW device fabrication process. The ISN approach to designing
SAW filters builds upon electromagnetic (EM) FEA simulation
and the flexibility to modify input data to compensate for dif-
ferent SAW foundry lithography tolerances and variations. The
ISN approach has made it possible to optimize filters for distor-
tion-free performance with the higher-power signals typically
found in LTE wireless networks and to optimize performance
for different operating temperatures, including the higher tem-
peratures produced within energy-dense LTE mobile devices.

As evidence of the effectiveness of the ISN approach, a low-
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SAW Filters

cost, miniature SAW duplexer was devel-
oped for LTE Band 3 use, where the uplink
(from the handset to the base station) fre-

Perhaps even more impressive was how
little the insertion-loss performance var-
ied with frequency as a function of tem-
perature, when measured across a wide

quency range is from 1710 to 1785 MHz 5
and the downlink (from the base station to
the handset) frequency range is from 1805
to 1880 MHz downlink. Duplexers mod-
eled with the ISN software and then fab-

Insertion loss—dB

range from -25°C to 100°C. Designed

m
with the Resonant ISN tools, the pass-

band responses of these SAW duplex-
4][+25°C ers changed 3.4 MHz in frequency for

ricated and tested at a commercial SAW
foundry showed a close match between 4100°C
simulated and measured performance for
the two passbands (Fig. 1).

This particular duplexer includes close-  -15

that wide temperature range, or a shift of
only 17 ppm/°C (Fig. 2). The ISN design
tools can model the characteristics of
lithium tantalate and composite/bonded
substrate materials used by commercial

-20°C

ly spaced passbands, where the goal is to 1690 1695 1700

achieve low passband loss while also pro-
viding high isolation between the pass-
bands. Since these are miniature filters
with wafer-level packaging, a commercial
wafer prober and vector network analyzer
(VNA) are enlisted for the measurements, gauging loss from
antenna to transmit port and antenna to receive port for realistic
values. The typical loss for an individual duplexer in the center
of each passband was 0.9 dB, with loss rising to no more than
2.2 dB at the transmit frequency band edges (critical for power
amplifier efficiency). The isolation between passbands was typi-
cally 54 dB.

Frequency —MHz

2. Even for SAW substrate materials, the
effects of temperature can be minimized for
SAW filters and duplexers.

1705 1710 1715 1720

SAW foundries to account for the effects
of temperature and power, and cre-
ate designs that maintain high linearity
even at higher power levels such as those
found in 4G LTE handsets. The filters and
duplexers are also quite compact, mea-
suring just 1.8 x 1.4 X 0.38 mm to fit the high-density packaging
requirements of modern smartphones and mobile devices. The
ISN design process is available in a free, downloadable white
paper available from the Resonant website. T

RESONANT INC., 110 Castilian Dr., Ste. 100, Goleta, CA 93117;
(805) 308-9803, www.resonant.com.
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Low noise, high dynamic range, high output power, and flat gain from 0.5to8GHz,  Only $6?%§100)
all in a single model! And it's very easy to use: all you need is a simple fixed inductor at . Matched over full
the input and output to match impedance over the entire frequency band! It's ideal for sensitive, ~ frequency range!

. Low Noise Figure, 1.3 dB

« High Gain, 21dB

« Excellent Gain Flatness, +0.7 dB'
« High IP3, +35 dBm

. « High Pout, +23.2adBm
'See datasheet for suggested application circuit. ‘
i Flatness specified over 0.5 to 7 GHz. & Tiny Size, 3x3mm
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3x3mm MCLP package for excellent manufacturability. It's available off the shelf, so go to
minicircuits.com and place your order today for delivery as soon as tomorrow!
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High-Speed DACs Deliver
Agile RF/MW Signals

Targeting wireless infrastructure applications, these converters provide up to 16-b
resolution for creating wide-dynamic-range signals as high as 7.5 GHz.

DIGITAL-TO-ANALOG CONVERTERS
(DACs) have been used for many years
to generate lower-frequency signals.
However, they typically lacked the sam-
pling speeds and precision needed for
recreating RF/microwave signals with
any form of moderately complex modu-
lation—until, that is, the arrival of the
11-b AD9161 and 16-b AD9162 DACs
from Analog Devices. Both are capable

a single carrier, -68 dBc for four carriers, and
—64 dBc for eight carriers.

The higher-resolution AD9162 offers
comparable SFDR performance in similar
conditions, with SFDR of —82 dBc for an out-
put frequency of 70 MHz, -70 dBc for an
output frequency of 2 GHz, and -60 dBc for
an output frequency of 4 GHz. For DOCSIS
applications, the SFDR is -70 dBc for a single
carrier at 70 MHz, -70 dBc for four carriers

of direct RF signal synthesis at speeds of
6 Gsamples/s and more, and update rates
of 12 Gsamples/s for crafting signals at

The AD9161 and AD9162 DACs run at update
rates as high as 12 Gsamples/s to generate

outputs reaching 7.5 GHz.

at 70 MHz, and -67 dBc for eight carriers at
70 MHz. At 950 MHz, the SFDR is -70 dBc
for a single carrier, -68 dBc for four carriers,

frequencies to 7.5 GHz.

The AD9161 and AD9162 (see figure) can produce wideband
modulated signals for use in wireless infrastructure and DOCSIS
3.1 cable applications. Both DACs are based on a quad switch
architecture that employs a 2x interpolator filter for update rates
to 12 Gsamples/s in some modes. The interpolator filter also
allows them to be configured for power-conserving lower data
rates and clock speeds that simplify the filtering requirements.

The two DAC:s can construct waveforms in the second and
third Nyquist zones at frequencies up to 7.5 GHz while main-
taining excellent dynamic range and low-noise performance.

DACs DEALWITH DOCSIS

These two high-speed DACs are designed to produce wide-
dynamic-range signals for wireless infrastructure and single-
and multiple-carrier data over cable service interface specifica-
tion (DOCSIS) applications. For example, operating at a DAC
frequency of 5 Gsamples/s, the AD9161 achieves a spurious-free
dynamic range (SFDR) of -82 dBc for an output frequency of 70
MHz, -70 dBc for an output frequency of 2 GHz, and -55 dBc
for an output frequency of 4 GHz. For DOCSIS applications at
the same DAC frequency, the SFDR is -70 dBc for a single carrier
at 70 MHz, —-68 dBc for four carriers at 70 MHz, and —65 dBc for
eight carriers at 70 MHz. At 950 MHz, the SFDR is -70 dBc for
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and -64 dBc for eight carriers.

The adjacent-channel-power performance of the AD9161,
for an output frequency of 877 MHz, is =76 dBc for one carrier
and -75 dBc for two carriers, measured from the first adjacent
channel. The AD9161’s intermodulation distortion (IMD), for
a 0-dB full-scale (FS) signal at 900 MHz, is -75 dBc, rising to
just =71 dBc for a 0-dB FS signal at 1800 MHz. Noise spectral
density for a single tone is just -157 dBm/Hz at 550 MHz, -155
dBm/Hz at 960 MHz, and -155 dBm/Hz at 1990 MHz.

For the AD9162, adjacent-channel power for 877 MHz output
frequency is 79 dBc for one carrier and -76 dBc for two carri-
ers, measured from the first adjacent channel. And it is -74 dBc
for one carrier at 1987 MHz and -70 dBc for two carriers at 1990
MHz. IMD is —80 dBc at 900 MHz and —68 dBc at 1800 MHz.

The single-tone noise spectral density is somewhat lower than
that of the AD9161: -168 dBm/Hz at 550 MHz, -167 dBm/Hz at
960 MHz, and -164 dBm/Hz at 1990 MHz. For a DAC frequency
of 4 Gsamples/s and output frequency of 3.8 GHz, the single-
sideband phase noise of the AD9162 is ~119 dBc/Hz offset 1 kHz
from the carrier, -125 dBc/Hz offset 10 kHz from the carrier,
-135 dBc/Hz offset 100 kHz, and -144 dBc/Hz offset 1 MHz. il

ANALOG DEVICES INC., One Technology Way, P. O. Box 9106,
Norwood, MA 02062-9106; (781) 329-4700, www.analog.com
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High Linearity

Now!
DC to 8 GHz - NF as low as 0.46 dB

Many combinations of performance parameters to meet your
needs! With over 20 low noise, high linearity models to choose
from, chances are you'll find the right combination of output
power, gain, DC current and bandwidth to upgrade almost
any 3 to 5V circuit — from cellular, ISM, and PMR to wireless
LANs, military communications, instrumentation, satellite links,
and P2P — all at prices that preserve your bottom line!

Model Freq. Gain NF IP3 P, Current Price$
(MHz)  (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
New! PMA3-83LN+ 500-8000 21.0 1.3 35 232 80  11.95
PMA2-162LN+  700-1600 227 05 30 20 55 2.87
PMA-5452+ 50-6000 14.0 0.7 34 18 40 1.49
PSA4-5043+  50-4000 184 075 34 19 33(@Y) 258
58 (5V)
PMA-5455+ 50-6000 140 0.8 33 19 40 1.49
PMA-5451+ 50-6000 137 0.8 81 17 30 1.49
i i i 41 (3V)
PMA2-252LN+ 1500-2500 15-19 0.8 30 17 7ol 287
PMA-545G3+ 700-1000 31.3 09 34 22 158 4.95
PMA-5454+ 50-6000 135 0.9 28 15 20 1.49
PSA PMA PGA
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*IP3 up to 43dBm roml ea.o1, 20)

2 new ultra-wideband models with frequency range as wide
as 0.5 to 8 GHz now cover applications from UHF up to C-Band
in a single model with one simple matching circuit! All catalog
models are in stock and ready to ship, so visit minicircuits.com
for data sheets, performance curves, S-parameters, pricing and
availability for reels in quantities as small as 20 pieces. Place your
order today for delivery as soon as tomorrow!

Model Freq. Gain NF IP3 P, Current Price$
(MHz) (dB) (dB) (dBm) (dBm) (mA) (qty. 20)
New! PMA2-43LN+ 1100-4000 19 046 33 199 5] 3.99
PGA-103+ 504000 110 09 43 22 B9(V) g9
97 (5V)
PMA-5453+ 50-6000 14.3 07 37 20 60 1.49
PSA-5453+ 50-4000 147 1.0 37 19 60 1.49
PMA-5456+ 50-6000 14.4 0.8 36 22 60 1.49
PMA-545+ 50-6000 14.2 0.8 36 20 80 1.49
PSA-545+ 50-4000 149 1.0 36 20 80 1.49
PMA-545G1+  400-2200 313 1.0 34 22 158 4.95
PMA-545G2+  1100-1600 30.4 1.0 34 22 158 4.95
PSA-5455+ 50-4000 144 1.0 32 19 40 1.49
o RoHS compliant
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Making the Best
of Miniature Circuits

For circuits with miniature dimensions, this firm provides the expertise and equipment
to fabricate micron-sized features on both rigid and flexible substrate materials.

MINIATURIZATION IS THE KEY to many successful applications,
including pocket-sized radios and medical electronic solutions.
While small components like planar antennas and inductive
coils enable many small-scale electronic products to operate,
making circuit structures and components with micron-sized
features is (pardon the pun) no small feat.

Metrigraphics has been doing that for five decades. The com-
pany houses both the equipment and the expertise to fabricate
micron-scale components and circuit structures with dimen-
sions of 5 pm or less on hard and software substrate materials.

Micron-sized circuit features are usually associated with
semiconductor devices, but Metrigraphics has been fabricating
micron-scale circuit features for passive components, including
induction coils and optical components. Miniature induction
coils enable such applications as pill-sized ingestible medical
biosensors, where the inductors provide an energy source for
the sensors without need for a much larger battery.

The firm works with thin-film and flexible substrate materi-
als, employing a blend of standard and proprietary processes
to achieve fine feature resolution with high repeatability. Mul-
tilayer flexible circuits can be fabricated with as many as seven
metallized layers and up to six substrate layers. Metallization
processes include photolithography, plated metal deposition,
and sputtered thin-film techniques.

DIVING INTO DIMENSIONS

Thin-film circuits are based on polished and as-fired ceramic
substrates, in addition to polished sapphire and quartz glass
substrates, in a range of thicknesses. The dielectric constants of
these substrates range from 3.8 to 10.0 at 10 MHz with low loss
tangents. For example, the loss tangent for a quartz glass sub-
strate with dielectric constant of 3.8 at 10 MHz is just 0.000015
at 1 MHz. Conductor lines and spacing on thin-film substrates
can be formed with precision of 0.050 mm and tolerance as
good as £0.005 mm.

Conductor widths can be maintained to a tolerance of +0.005
mm. Conductors can be places within 0.200 mm of the edge of a
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Miniature circuit dimensions can be achieved on both rigid and flexible,
bendable circuits such as this.

substrate, allowing for the formation of extremely high-density,
miniature circuits. For multilayer circuits, viaholes can also
be tightly spaced, as close as £0.05 mm from the center of one
viahole to the center of another viahole, depending upon the
diameters of the holes.

Metrigraphics has fabricated a wide array of planar and 3D
circuits and circuit structures for RE medical, and optical appli-
cations. The company has fabricated over 160 different induc-
tion coils for various applications, including biomedical use.
These are single- or multiple-layer structures (see figure) in
round and square configurations with different metallizations
and substrate materials.

Coil traces as fine as 3 pm have been formed repeatably on
some of these coils, as a demonstration of fabrication capabili-
ties that extend from the prototype stage to full production. Vis-
itors to the company’s website can learn more about the various
dielectric and metallization combinations and dimensional tol-
erances for different structures and circuit configurations. Il

METRIGRAPHICS, 1001 Pawtucket Blvd., Lowell, MA 01854; (800)
261-2557, www.metrigraphicslic.com
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Transformers&Baluns!

NOW!
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To support an even wider range of applications, Mini-Circuits tiny surface-mount transformers and
baluns now cover frequencies from 4 kHz up to 18 GHz! Our latest designs achieve consistent performance
across very wide frequency bands, and our baluns have demonstrated great utility for use with chipsets.
With over 250 trusted models in stock representing a wide selection of circuit topologies and impedance
ratios, chances are, we have a solution for your needs!

Our Low Temperature Co-Fired Ceramic (LTCC) models provide reliable performance in tough operating
conditions, tiny size — as small as 0805 — and very low cost. All core-and-wire models are available with our
exclusive Top Hat® feature, improving pick-and-place accuracy and throughput. We even manufacture
our own transmission wire under rigorous control and use all-welded connections to ensure reliability and
repeatability you can count on.

>
Visit minicircuits.com and use Yoni2®, our patented search engine ’ / L /
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OCXO Trims Phase Noise
and Power Consumpption

This OCXO delivers outstanding frequency stability with several levels of available
phase-noise performance and industry-low power consumption.

MINIMIZING POWER CONSUMPTION is vital to many appli-
cations where the power supply is limited, such as in por-
table and/or battery-based electronic devices. Saving power,
however, can prove to be costly in terms of performance for
some components. Oven-controlled crystal oscillators
(OCXOs), for instance, can exhibit
degraded stability and phase noise at
lower power levels.

Fortunately, the model LP102 OCXO
from Bliley Technologies is designed for
outstanding stability and phase noise,
all the while consuming a mere 135 mW
of power during steady-state operation.
The OCXO is available with sinewave
or HCMOS outputs (with 10-ns rise/fall
time) at frequencies from 10 to 50 MHz,
and with initial accuracy of £10 ppb.

OCXOs like the model LP102 (see fig-
ure) are critical to maintaining frequency
stability and precise timing in analog
and digital circuits and systems. The
basic design achieves excellent crystal-
resonator stability with changes in temperature by maintain-
ing the crystal in a temperature-controlled enclosure. The
penalty for enhanced temperature stability is the increased
power consumption required to control the temperature of
the crystal chamber.

As expected, the LP102 consumes an increased amount of
power during startup (350 mW) when it must stabilize the
temperature of the crystal chamber. However, once this is
accomplished (typically in one minute or less), the steady-state
power consumption is only 135 mW—remarkably low for an
OCXO of any kind, as they are usually rated in terms of watts
of power consumption.

The LP102 in no way compromises its performance for
the low power consumption. The phase-noise performance
is specified separately for sinewave and HCMOS outputs,
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The LP102 is a low-phase-noise OCXO avail-
able with sinewave or HCMOS output signals

and low steady-state power consumption.

as well as for two different temperature ranges.

By way of example: For sinewave outputs from -20 to
+70°C, the static phase noise is typically —95 dBc/Hz offset 1
Hz from the carrier, —125 dBc/Hz offset 10 Hz, ~162 dBc/Hz
offset 1 kHz, and —165 dBc/Hz offset 10 kHz.

For sinewave outputs from —40 to
+85°C, the phase noise is typically —90
dBc/Hz offset 1 Hz from the carrier, —120
dBc/Hz offset 10 Hz, —158 dBc/Hz offset
1 kHz, and —162 dBc/Hz offset 10 kHz.

For HCMOS outputs from —-20 to
+70°C, the static phase noise is typically
—95 dBc/Hz offset 1 Hz from the carrier,
—125 dBc/Hz offset 10 Hz from the car-
rier, —152 dBc/Hz offset 1 kHz from the
carrier, and —155 dBc/Hz offset 10 kHz
from the carrier.

For the wider temperature range of
—-40 to +85°C, the phase noise drops
to =90 dBc/Hz offset 1 Hz, —120 dBc/
Hz offset 10 Hz, —150 dBc/Hz offset
1 kHz, and also —150 dBc/Hz offset
10 kHz from the carrier.

Harmonic levels are —30 dBc or better, while spurious levels
are —60 dBc or better. The LP102 low-power OCXO features
0.5 ppb/g acceleration sensitivity. It delivers +9-dBm output
power into a 50-Q load. The OCXO incorporates electronic
frequency control for adjustments over a total frequency range
of 0.5 ppm and 10% tuning linearity.

The oscillator is designed for power supplies of +3.3 V dc
+5% and +5.0 V dc +5% and an operating temperature range
of —40 to +85°. Different grades of performance are available,
such as frequency stability of +25, 50, 75, or 100 ppb from —20
to +70°C and £75 or 100 ppb from —40 to +85°C. il

BLILEY TECHNOLOGIES, 2545 W Grandview Blvd., Erie, PA
16506; (814) 838-3571, www.bliley.com
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New Products

Bidirectional Ampilifier Handles 1,350 to 1,390 MHz
MODELTTRM1081 is a bidirectional amplifier capable of
boosting receive and transmit signals from 1,350 to 1,390
MHz.The L-band unit is designed with power-amplifier (PA)
and low-noise-amplifier (LNA) circuits in the same compact
housing; it is suitable for communications applications in un-
manned aerial vehicles (UAVs)
and military mesh networks.
It provides typical output
power of +43 dBm

at 1-dB compres-
sion and typical
saturated output
power of +44 dBm.
The typical transmit
gain is 25 dB and typical receive

0 i,
w‘v&wi\ N:M ATEnTEL N \
RTRAINIRRL RS

gainis 10 dB.The LNA noise figure is typically 2 dB.

The switching speed between receive and transmit amplifi-
cation is typically 1 ps.The amplifier runs on voltages of +27
fo +30V dc and measures 3.33 x 2.69 x 0.65 in.

TRIAD RF SYSTEMS,

180Tices Ln., Bldg. A, Ste. 107, East Brunswick, NJ 08816;

: A ._‘_"-:::"
J peeeseema— I ST

Rack-Mount Amplifier Powers 6 to 18 GHz
SOLID-STATE CLASS AB LINEAR AMPLIFIER model
BHE69189-50 delivers 50 W of clean output power
from 6 to 18 GHz. Suitable for test and systems ap-
plications, the rack-mountable amplifier provides
more than 40 W output power info a load with
2.0:1 VSWR while achieving 45-dB typical gain.
Second and third harmonics are less than —-12
and -22 dBc, respectively, while spurious levels are
better than -60 dBc.The amplifier, which is open/
short fested, runs on ac supplies of 85 to 265 V. It
measures 19.0 x 22.0 x 5.25 in. with Type N female
connections (and options for TNC and SMA con-
nectors).The amplifier is designed for operating
temperatures from -20 to +50°C and weighs 40 Ib.
COMTECH PST,

105 Baylis Rd., Melville, NY 11747;

(855) 558-1001, e-maiil: sales@triadrf.com, www.triadrf.com (631) 777-8900, www.comtechpst.com
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New Products

Cloverleaf Antennas Reach 2.5 GHz

A LINE OF COMPACT CIRCULARLY POLARIZED ANTENNAS is available for use from 1.98 o 2.20 GHz,

as well as for 2.30 to 2.50 GHz for military and commercial applications.The rugged Turbo Cloverleaf
family of antennas features components in the classic cloverleaf radome style with omnidirectional
radiation patterns.The radome enclosure measures just 2 in. on a side for ease of colocation.The
antennas also have integrated 3-in. coaxial gooseneck assemblies with non-rotating RF connectors,
SMA connectors for the lower-frequency units, and TNC connectors for the higherfrequency antennas.
The waterproof antennas are available with left-handed circular polarization (LHCP) and right-handed
circular polarization (RHCP), with more than 40-dB isolation between antennas with the different polarizo-
fions. As an example, model 1032-021 operates from 1.98 to 2.20 GHz with RHCP (model 1032-022 for LHCP)
with 1.2-dBi gain and a black-chrome male SMA connector. Model 1032-024 operates from 2.3 to 2.5 GHz

with RHCP (model 1032-025 with LHCP) with 1.2-dBi gain and a black-chrome TNC connector.
SOUTHWEST ANTENNAS, 8145 Ronson Rd., Ste. B, San Diego, CA 92111; (858) 277-3300,
e-mail: sales@southwestantennas.com, www.southwestantennas.com

Miniature Signal Generator Spans 6 to 18 GHz
MODEL LMS-183DX is a Lab Brick compact, modular
signal generator with a frequency range of 6 fo 18
GHz. It provides output-level control from +10 fo —70
dBm from 6 fo 13 GHz, and from +10 fo -65 dBm from
13 to 18 GHz. It
weighs less than 1
8 |Ib.and measures
il 4.90x3.14 x1.59

| in. (124 x 80 x 40
mm) with maxi-
mum harmonics
of -25 dBc.The
signal generafor,
i which performs
phase-continuous frequency sweeps, is controlled
and powered by means of a Universal Serial Bus (USB)
connector. P&A: $3499; 3 weeks.

VAUNIX TECHNOLOGY CORP., 7 New Pasture Rd.,
Newburyport, MA 01950; (978) 662-7839, e-mail: Vaunix-
Sales@vaunix.com, www.vaunix.com
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VCOs Tune from 10 MHz to 11 GHz from the carrier.They provide output
COVERING BANDS FROM 10 MHz TO
11 GHz, a line of more than 60 models
of voltage-controlled oscillators (VCOs)  The oscillators are available in her-
is available from stock for immediate
shipping.The VCOs are designed to
meet MIL-STD-202 environmental test
| 102915 conditions for shock, vibration, and
femperature cycling, and include
models with phase-noise performance  tion Dr., Ste. 100, Allen, TX 75013; (972)
as good as -125 dBc/Hz offset 10 kHz

power from 0 to +12.5 dBm and oper-
ate on voltages from 0 to +20V dc.

metic surface-mount-technology (SMT)
packages with gold-plated mounting
surfaces and can be used at operating
tfemperatures from -40 to +85°C.
FAIRVIEW MICROWAVE, 1130 Junc-

649-6678; www.fairviewmicrowave.com

Power Dividers Cover Multiple Bands to 6 GHz
A LINE OF RF/MICROWAVE POWER DIVIDERS has
been extended with the addition of broadband mod-
els operating from UHF through ISM bands. Models

in the 80X-X-3.250WWP line are available with Type

N and SMA connectors in 2-, 4-, 8-, 16-, and 32-way
configurations with performance optimized for use
from 500 MHz to 6 GHz, and at power levels of 30 W
and more.The rugged components are IP67-rated for
indoor and outdoor use. Models are also available
with BNC and TNC coaxial connectors.

MECA ELECTRONICS INC., Denville, NJ 07834;

(866) 444-6322, e-maiil: sales@e-MECA.com,
www.e-MECA.com

AUGUST 2016 MICROWAVES & RF


mailto:sales@southwestantennas.com
http://www.southwestantennas.com
mailto:vaunixSales@vaunix.com
http://www.vaunix.com
http://www.fairviewmicrowave.com
mailto:sales@e-MECA.com
http://www.e-MECA.com
mailto:vaunixSales@vaunix.com

40 GHz
(KBL-Series)

Precision 76Q
(CBL-Serles)

Precision 50Q
(CBL-Series)

Armored
(APC-Series)

TEST CABLES

Reliability You Can Trust... ror O

Why do 10,000 customers trust Mini-Circuits
test cables? Because they simply don’t faill Our
test cables have been performance qualified
to 20,000 flexures* and come backed by our
6-month product guarantee*, so you can be
confident you’re getting rugged construction,
reliability, and repeatable performance you can
depend on. Whether you’re performing production

Mini-Circuits
Trivia Game

WIN AN iPad®
Visit Booth 215 at EDI CON to enter!

=" \

ot

Ultra-Flexible
(ULC-Series)

Flexible
(FLC-Series)

" Precision VNA
Cables
{(VNAC-Series)

up to 40 GHZz!

ea (qty1 -9)

test, burn-in, over-temperature testing, hi-rel testing
— you name it — chances are there’s a Mini-Circuits
test cable for your application in stock, ready for
immediate shipment. Order some for your test
setup at minicircuits.com today, and 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!

Model Freq.
Family Capabilities (GH2) Connectorst
KBL Precision measurement, including phase, through 40 GHz DC-40 2.92mm
CBL-75+ Precision 75Q measurement for CATV and DOCSIS® 3.1 DC-18 N, F
CBL All-purpose workhorse cables for highly-reliable, precision 50Q

measurement through 18 GHz DC-18 SMA, N
APC Crush resistant armored cable construction for production floors

where heavy machinery is used DC-18 N
ULC Ultra-flexible construction, highly popular for lab and production test

where tight bends are needed DC-18 SMA
FLC Flexible construction and wideband coverage for point to point

radios, SatCom Systems through K-Band, and more! DC-26 SMA

NEW! VNAC Precision VNA cables for test and measurement equipment through 40 GHz ~ DC-40 2.92mm
(MtoF)

* All models except VNAC-2R1-K+

** 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.

t Various connector options available upon request.

Contact apps@minicircuits.com to discuss your special requirements.

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com 507 rev EEDI
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Get a piece of the ARRA pie...

! Variable Attenuators

Now, you can have your pie and-
eat it too! Only from

Four models that cover the 500
to 8000 MHz frequency range!
Available in lower attenuation
ranges. Customerized to your
requirements with little or no
additonal charge. Top performance.
Super dial accuracy.

* Direct reading dial

L] E.xtr:mel}' high reliability S'OI'I'IE 0[ the bESt a‘tﬂl’lualot
* Non-contacting movable parts (our special recipe) recipes you can find are cooking
* High power version available (up to 200 W) =

* Usage will not change calibration at ARRA I'lghl now! Send for
* Attenuation will not vary with temperature your copy today and get a plece
* Excellent phase characteristics of the ARRA p“:_..

* Type N standard SMA connectors available
. the last word in variable attenuators

Applications include:
*TACAN *DME/IFF eLabstandards *Alimeter ARRA
Or any other requirements needing high INC.
attenuation and accurate dial reading. F Harold Court * Bay Shore NY 11706-229_I

Visitiour_webalie St Wi Sees. cord Tel 631-231-8400 Fax 631-434-1116
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Don’t Settle for Average.

802.11 ac ( '
Final Exam

Demand Peak Performance.

The 55 Series USB Peak Power Sensor
* Real-Time Power Measurements for Complex
Communications Signals

Others claim to have fast average measurements, but only
the 55 Series measures continuous and burst average
power faster than anyone in the industry. It adds wide-
band peak and crest factor measurements, allowing you
to see all aspects of your device's performance. This USB
Sensor delivers results 100 times faster than conventional
meters and with its Real-Time Power Processing™
technology captures all glitches with 100ps resolution.

e 195 MHz Video Bandwidth
| e 3nsrisetime

’ Preamble & Training ‘ ¢ 100,000 measurements/sec
Ny e VGt 205 dom * 100 MHz Sample Rate

e Multi-channel synchronized measurements

; For more information visit us at www.boonton.com
CH1: 10 dB/div
il veent:-20.5 dom ' or call +1 973-386-9696.

(/4 Wireless Telecom Group Boonton

Boonton Microlab Noisecom
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