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The Trusted Name in RF, Microwave
& Millimeterwave ICs

Featured MACOM MMIC Devices

Application Function

SATCOM Ka-Band Power Amplifier
Doubler Power Amplifier
L-Band Power Amplifier Module

Part Numbe

MAAP-011289, 28 - 30.5 GHz
MAFC-011009, 28 -30 GHz
MAAP-011060, 1616 - 1627 MHz

Test & Measurement Wideband Power Amplifier MAAP-011247, DC - 22 GHz
Wideband Low Noise Amplifier MAAL-011141, DC-26.5 GHz
Wideband DBL BAL Mixer MAMX-011036, 8 - 43 GHz

Aerospace & Defense Octave Band VCO MAOC-415000, 10 - 20 GHz

Power Amplifier

MAAP-011232, 0.1-3 GHz

Industrial, Scientific & Medical Low Noise Amplifier
Gain Block

MAAL-011129, 18 -32 GHz
MAAM-011206, DC-15 GHz

Wired Broadband Variable Gain Amplifier
Gain Block
Very Low Noise Amplifier

MAAM-011194, 45-1218 MHz
MAAM-011220, 45 - 1218 MHz
MAAL-Q11136, 45 - 1218 MHz



Aerospace & Defense
Industrial, Scientific & Medical
Satellite Communications
Test & Measurement

Wired Broadband

MACOM delivers a leading portfolio
of high-performance DC to 100 GHz MMICs

For over 60 years MACOM design and application experts

have driven RF, Microwave and mmW innovation. Our engineers
are delivering a new generation of wideband, high-performance
MMICs for TR&M, SATCOM, A&D, wired broadband and ISM
applications.

Our 27 new MMIC products offer optimal performance,
bandwidth, packaging and reliability to meet your most
demanding requirements. New products include:

Ka-Band 3 W Power Amplifier
Ideal for Satellite Communications

Psat (dBm) and PAE (%) vs Frequency (GHz) > High Linearity SATCOM PAs

> Wideband Amplifiers & Mixers
> Single Bias LNAs & Gain Blocks
> Broadband VCOs

> V-, E- & W-Band Products

> mmW Switches
A/_"/*\‘\‘\‘ > Wideband Detectors

nMAAP-011289 > Broadband 75 ohm Amplifiers

28 28.5 29 295 .
Psat (dBm) Frequency (GHz)
—#— PAE (%) @Psat "

Partners from RF to Light

Learn more and get datasheet:
www.macom.com/mmics
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Amplifiers — Solid State

Attenuators — Variable/
Programmable

Couplers (Quadrature,
180° & Directional)

Detectors — RF/Microwave

DLVAs, ERDLVAs
& SDLVAs

DTOs, VCOs, PLO, DROs,
& Frequency Synthesizers

Filters & Switched
Filter Banks

Form, Fit, Functional
Products & Services

Frequency Discriminators
& IFMs

Integrated MIC/MMIC
Assemblies (IMAs)

1Q Vector Modulators
Limiters — RF/Microwave
Log Amplifiers

Millimeter Wave
Components
(Up to 50 GHz)

Miscellaneous Products
Monopulse Comparators

Multifunction Integrated
Assemblies (MIAs)

Phase Shifters & Bi-Phase
Modulators

Power Dividers/Combiners
(Passive & Active)

Pulse Modulators (SPST)

Rack & Chassis Mount
Products

Receiver Front Ends
& Transceivers

SDLVAs, ERDLVAs
& DLVAs

Single Side Band
Modulators

ge/FMH%
pZAS AN

Planar Monolithics Industries, Inc.
Monopulse Comparators

PMI designs and manufactures a variety of coaxial monopulse compartors for
beamforming antenna applications up to 26.5 GHz. Form, fit and functional
designs can also be replicated to specific requirements. Standard models with

various options are available at PMI’s website (Link below)

http://pmi-rf.com/Products/monopulse_comparators/features.htm

Model: MPC-20R2G21R2G-CD-LNF
8 Input Monopulse Compartor with Gain

Frequency

20.2-21.2 GHz

Gain

0 dB, 5 dB Nom. (Selectable)

Noise Temperature
/Figure

100 K/ 1.3 dB Noise Figure

Phase Balance

+3° Maximum

DC Supply

+12VDC @ 700 mA,
-12VDC @ 100 mA

Temperature

-55°C to +85 °C

Model: PMC-3G3D5G-6D8-SFF
4 Input Monopulse Comparator

Frequency

3.0t0 3.5 GHz

Insertion Loss

0.8 dB Max. - Measured 0.4 dB

VSWR

1.25:1 Max. - Measured 1.25:1

Isolation

23 dB Min. - Measured 25.052 dB

Amplitude Balance

+0.4 dB Max. - Measured +0.2681 dB

Phase Balance

+5° Maximum - Measured +3.2°

RF Input Power

Average: 11 Watt Max.
Peak: 0.1 kW Max.

Temperature

-55°C to +85 °C

Model: PD-CD-001-1, 4 Way Phase Shift
Power Divider with 0°, 90°, 180°, 270° Outputs

Frequency

9.3-9.9GHz

Insertion Loss

8.0 dB Max. - Measured 6.97 dB Max

VSWR

2.0:1 Max. - Measured 1.60:1 Max.

Amplitude Balance

1+0.5 dB Max. - Measured +0.2 dB Max.

Phase Balance

+7.0° Max. - Measured +4° Max.

RF Input Power

28 W CW, 750 W Peak

Temperature

-32 °C to +77 °C Operating

Package Size:
6.25” x @4.80” x 2.00”
Connectors: SMA (F)

na

PLANAR.
MonCUTICS
WOUETSES

& 3008 10 18 e
MCRCOPULSE COMPARATOR

)
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st o

Package Size:
3.23” x 3.23” x 0.43”
Connectors: SMA (F)

Package Size:
2.35" x1.7” x 0.5”
Connectors: SMA (F)

Baltimore, MD
November 1-3, 2016
www.milcom.org

Booth: 3004

Austin, Texas K/'l | Lc@ |.IV.| 20’|6

October 30 — November 4, 2016 !
il amta2016.org

A B 2 {98 Booth: LO1
AMTA 2016

SMT & QFN Products
Switch Matrices
Switched Filter Banks
Switches — Solid State

West Coast Operation:
4921 Robert J. Mathews Pkwy, Suite 1
El Dorado Hills, CA 95762 USA Frederick, MD 21704 USA
Tel: 916-542-1401, Fax: 916-265-2597 Tel: 301-662-5019, Fax: 301-662-1731

sales@pmi-rf.com « www.pmi-rf.com

1ISO9001-2008 REGISTERED

East Coast Operation:
7311-F Grove Road

Systems — Fly Eye Radars

Threshold Detectors
USB Products
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18 GHz THAT MOVES AT
THE SPEED OF LIGHT
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Enclosures are available for multiple
transmitter or receiver combinations.

18 GHz High-Reliability IF and RF Fiber-Optic Links

L3 Narda-MITEQ’s hermetically sealed fiber-optic links are ideal for transmitting both IF and RF signals optically,
making them the perfect choice for a variety of applications like antenna remoting and EMC/EMI. Models are
available with instantaneous bandwidths of up to 18 GHz and offer a spurious-free dynamic range of 101 dB/Hz.
These dynamic transmitters and receivers use standard wavelengths of 1550 nm and 1310 nm, performing in a
wide temperature range of -40 °C to +85 °C with a typical low signal loss of 0.4 dB/km. So when your project
demands the transmission of reliable IF and RF data optically, count on L3 Narda-MITEQ - your best resource for
innovative fiber-optic solutions.

Learn more about our product line by visiting us at nardamiteq.com, or call us at (631) 231-1700.

Narda-MITEQ ﬁ ﬂﬂ L3T.com
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ONE PLATFORM, ZERO BARRIERS

SIMPLY
SMARTER

NI AWR DESIGN ENVIRONMENT

NI AWR Design Environmentis-a-single
platform that integrates system, circuit, and
EM 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.

AWR)| Learn more at ni.com/awr

‘YNATIONAL
’ INSTRUMENTS'

/@ ; d Microw S .
©2017 National Instruments. Al righ Microwave Office | RF and Microwave Circuit Design Software
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FEATURES
37  COVER STORY:
5 TECHNOLOGY AREAS TO WATCH IN 2017

This year, expect to see the RF/microwave industry produce solutions that push
technological boundaries to meet new and emerging requirements.

44 HARVESTING ENERGY FROM RF SOURCES

Excess energy from transmitted communications signals can be captured and
transformed to dc power, perfect for a wide range of low-power electronic
devices.

48 DRIVING THE FUTURE OF VEHICULAR TECHNOLOGY

Electronic technologies, from basic temperature senors to millimeter-wave radars,
are playing more prominent roles in new car models.

52 UWB PRINTED ANTENNA BLOCKS SATELLITE AND WLAN
SIGNALS

This novel monopole monopole UWB antenna provides two notched bands for
rejecting interference from 5-GHz WLAN signals and 8-GHz X-band satellite
signals.

58 HOW BENDING AFFECTS A FLEXIBLE UWB ANTENNA
A compact antenna maintains high gain and an omnidirectional radiation
pattern, even with flexing across frequency ranges complying with UWB
frequency allocations in the U.S. and Europe.

80 NYU WIRELESS DRIVES NEXT-GENERATION TECHNOLOGY
Students and faculty at NYU WIRELESS are fervently working to create the
wireless technology of the future.

PRODUCT TECHNOLOGY NEWS & COLUNMNS
66 Component-Packed Receiver ICs 10 ON MWRE.COM
70 Power Sensor Trends 13 EDITORIAL
73 High-Power LDMOS Transistors 18 FEEDBACK
74 Wideband Signal Analyzer 20 NEWS
77 Switch Matrix for Multichannel Testing 28 R&D ROUNDUP
78 1/f Noise Characterization System 32 INSIDE TRACK

with James Kimery,
National Instruments

64 APPLICATION NOTES

JOIN US ONLINE

@\ follow us @MicrowavesRF 84 NEW PRODUCTS
n become a fan at A 88 ADVERTISERS INDEX
facebook.com/microwavesRF

GO TO MWRF.COM 5
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SKYWORKS'

Enabling Wireless Connectivity for the Internet of Things
New Front-end Modules for loT Applications

O | Consumer Electronics

r_ﬂ High-performance 5.0 GHz WLAN Front-end Module: SKY85712-21
—_— For 802.11ac networking and personal computing systems, PC cards and WLAN-enabled wireless video systems

2.4 GHz, 64 QAM WLAN Front-end Modules: SKY85314-11, SKY85325-11
For 802.11b / g / n networking, set-top boxes, and personal computing systems

2.4 GHz, 256 QAM WLAN / Bluetooth® Front-end Module: SKY85303-21
For WiFi-enabled smartphones, tablets, and mobile / portable devices

N

= m | Connected Home and Wearables

/“\ Low-power Bluetooth® Low Energy Front-end Module: SKY66111-11

- For fitness trackers, smartwatches, wireless headphones and in-home appliances

2.4 GHz ZigBee® / Thread / Bluetooth® 5 / 802.15.4 Smart Front-end Module: SKY66112-11
For home automation, alarms and industrial sensors
Ultra-low Power 2.4 GHz ZigBee® / Thread / Bluetooth® 5 / 802.15.4 Front-end Module: SKY66113-11
For smart thermostats and alarms, security, lighting, wireless headphones and fitness trackers

2.4 GHz ZigBee® / Thread / Bluetooth® 5 Low Energy / 802.15.4 Front-end Module: SKY66114-11
For in-home appliances, smart thermostats, lighting, alarms and industrial sensors

N

Fo | Machine-to-Machine (M2M)

LTE Dual-band Front-end Module: SKY68000-21
For 4G / LTE devices, cellular modem devices, and low-power, wide area networks (LPWAN)

LTE Universal Multi-band Front-end Module: SKY68001-21
For 4G / LTE devices, cellular modem low- and mid-band devices, and low-power, wide area networks (LPWAN)

LTE Multi-band Front-end Module: SKY68011-21
For 4G / LTE devices, cellular modem devices, and low-power, wide area networks (LPWAN)

&

For more information about all of our wireless solutions,
please visit us at www.skyworksinc.com

sales@skyworksinc.com | USA:781-376-3000 | Asia: 886-2-27350399 | Europe: 33 (0)143548540 | NAspaQ:swks | [IREAE]
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https://www.youtube.com/channel/UCVT7P0K4jQyDE15ANfd_-RA

Low PIM Attenuators

Directional Couplers Tower Top & D.A.S Equipment

()

\. J \. J \ J \ J

Public Safety Satcom, mmWave Aeronatutical/Space AMER, EMEA,
& Military Transportation &D.AS

e ™ e ~

MECA 5G Products & Equipment Millimeter-Wave

MECA Electronics designs and manufactures an extensive line of various mounting solutions. Since 1961 MECA Electronics

RF/Microwave Equipment and Components with industry leading {Microwave Equipment & Components of America) has served
performance including D.A.S. Equipment, Low PIM Products, the RF/Microwave industry with equipment and passive
supports 5G & Millimeter-Wave, Power Dividers & Combiners, components covering Hz to 40 GHz. MECA is a privately held
Directional & Hybrid Couplers, Fixed & Variable Attenuators, RF ISO9001:2008 Certified, global designer and manufacturer for
Terminations, Circulators/Isolators, DC Blocks & Bias Tees, the communications industry with products manufactured in
Adapters & Jumpers. Models available in industry common the United States of America We stock products so that you do
connector styles: N, SMA, 2.92mm, TNC, BNC, 7/16, 4.1/9.5 & not need to.

4.3/10.0 DIN as well as QMA, Reverse Polarity SMA, TNC and

Buy Online
Products in STOCK when you need it!

RFPartsOnDemond com EiEE

: b MECA@EIecironlcs,flnc - ,
- -.--.--~M|croqu"é"?qv‘mpment & Components of Amerlcq_, s
e s ] 459 E. Main St., Denville,NJ/07834°  ~ X3
e-MECA.com ;' Tel: 973-625- 0661 ﬂ‘- Fax: 973-625-9277_ ) Soles@e MECA .com™
Since 1961 \ - | o e
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https://twitter.com/MECAElectronics
https://plus.google.com/+MECAElectronicsIncDenville/posts
http://www.linkedin.com/company/meca-electronics-inc/

weB | www.111rfpower.com
DELTA-SIGMA, INC. =i
, TEL | (951) 343-4005
World’s Only High-Performance Solid-State 6690 Doolittle Avenue

RF Power Amplifiers Up To 350 kW Riverside, CA 92503

elta-Sigma, Inc., is a world leader in the design and

manufacture of high-performance solid-state RF

power amplifier modules, subsystems, and systems
up to 350 kW for defense, commercial, and scientific
applications. Our modular designs elegantly scale from
1-kW subsystems to the industry’s highest-power, solid-
state turnkey systems for fast turn-around, low system cost,
reduced complexity, and exceptional reliability. And we
specialize in helping our customers transition from legacy
vacuum-tube amplifiers to modern solid-state designs.

OUR AMPLIFIERS SERVE APPLICATIONS
INCLUDING:

e Electronic warfare

e Commercial and military communications

e Industrial RF heating

® EMC testing

e Synthetic aperture radar (SAR)

¢ \Wind profiler radars to at least 60,000 ft.

e Particle accelerators

e Satellite communications

Example of conservatively-rated 150 to 218 MHz, 1 kW CW

module for AM, FM, CW, or pulse applications in a ruggedized
4.1x2.7x1.2in., 17 oz. package. Rated for altitudes to 30,000 EXCEPTIONAL PERFORMANCE:
ft. and MIL-STD-810F Method 516.5 shock and vibration.

e Compact and lightweight

e Exceptionally reliable and rugged

e Highest efficiency: DC-to-RF greater than 70% and system
AC-to-RF greater than 50%

¢ High linearity: Proprietary linearization circuitry delivers
system-level third-order IMD as low as -91 dBc

e Rated for CW and pulsed operation

¢ Pulse width to 30 ns with zero droop and ringing

¢ Noise in receive mode near the thermal limit

e Switching speed typically less than 1 ps and isolation of
60 dB.

YOUR RF AMPLIFIER PARTNER SINCE 1995

For more than two decades, Delta-Sigma, Inc., has worked
together with our customers to create some of the world’s most
impressive synergistic RF power amplifier systems. So please
contact us with your requirements!

This amplifier delivers 16 kW at a 20% duty cycle from 3.5 to
450 MHz with transmit and receive switching less than 1.5 us D E L T 4
- rd

SIGMA Inc.

with 60-dB isolation in a 24 x 19.25 x 18 in. enclosure.
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350 kW CW Spoken Here

At Delta-Sigma, Inc., home of the world’s most
powerful solid-state RF power amplifiers since 1995

Delta-Sigma, Inc. has been building
state-of-the-art high-power RF amplifiers
since 1995 and has been setting new
benchmarks along the way. Today we offer
complete compact turnkey systems from
1 kW to 350 kW CW or pulse (the highest
in the industry) with exceptional linearity,
efficiency, and ruggedness.

For example, NASA's new 250-kW, 48-MHz
Doppler radar wind profiler at Kennedy
Space Center provides critical pre-launch
wind data up to 60,000 ft. and was designed
and built by Delta-Sigma, Inc. It's the only
such system in the world to be powered

by RF power transistors.

Delivering capability like this requires teamwork
and partnership, something Delta-Sigma, Inc.

is proud of and offers every customer,

large or small. So whether you're making the
transition from vacuum tubes to solid-state,
need 1-kW solid-state amplifiers for battlefield
radios, or a complete high-power system for
radar, EW, scientific, or industrial applications,
Delta-Sigma, Inc., can build a custom solution
that meets or exceeds your requirements.

PLEASE CONTACT US TODAY
WlTH_YO__,UR'D_ESlGN REQUIREMENTS!
- (951) 343-4005 or sales@111rfpower.com

This Centurion 250-RW solid-state system powers NASA's
new Doppler Radar Wind Profiler at Cape Canaveral's launch facility.

DELTA
SIGMA Inc.

DELTA-SIGMA, INC., 6650 DOOLITTLE AVE., RIVERSIDE, CA 92503 | (951) 343-4005
www.111rfpower.com
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http.://mwrf.com/blog/fiercely-independent-making-
measurements

Every editor covering electronics technology dreams about
having their own test laboratory—a station to provide our
observations on the “published specifications” provided to
us when writing stories about RF/microwave hardware.
But be careful what you wish for.

TRACKING EFFECTS OF
TEMPERATURE

http://mwrf.com/software/tracking-effects-temperature

Thermal modeling is becoming a more important part of the
electronic design process, especially with increasing efforts

to pack more power into smaller electronic devices. Quite
simply, power = heat. Where power is generated or transferred,
any form of loss will result in the production of heat. For

the preservation of an electronic design, the heat must be
efficiently removed.

join us online

twitter.com/MicrowavesRF

facebook.com/microwavesrf

10

PI-'IASEWCOHERENCE

AND HOW IT AFFECTS YOU

ARE YOU BEING
AFTECTED BY
PHASE COHERENCE?

http://mwrf.com/blog/are-you-being-affected-phase-coherence

Phase coherence can be an ambiguous topic, yet one that’s
important for RF, electrical, and design engineers to understand.
This article will set out and build upon some basic definitions,
ultimately enabling you to determine if and why phase
coherence is affecting your various designs and applications.

CRITICALTALKING
POINTS IN
TEST & MEASUREMENT

http.://mwrf.com/test-measurement-analyzers/critical-talking-
points-test-measurement

As wireless technology continues to invade our lives, suppliers
of test-and-measurement equipment must keep up by offering
the proper test solutions to meet today’s needs. And the same
suppliers must also think in terms of the future, with 5G
obviously being on the minds of many.

JANUARY 2017 MICROWAVES & RF
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57
®
MGRE Barriers'in RF SOI
Ryt

Peregrine Semiconductor has been breaking barriers in
RF silicon on insulator (SOI) for nearly three decades.

Our UltraCMOS® technology has enabled us to set a new record for high linearity,
introduce the first high frequency RF SOI mixer, announce the world’s fastest GaN
FET driver and take RF SOI to new heights with the first 60 GHz RF SOI switches. And
that was just last year. In 2017 and beyond, Peregrine will break even MORE barriers
in RF SOI. Discover the many benefits of UltraCMOS technology—high performance,
monolithic integration, low power consumption, flexibility, a small footprint and high

reliability.

To find out if UltraCMOS technology could be the answer to your design challenges,

visit www.psemi.com or contact sales@psemi.com.

// Peregrine

A Murata Company Semiconductor
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MMIC AMPLIFIERS

50 MHz to 26.5GHz

Cn

Mini-Circuits’ AVYM-273HPK+ wideband microwave MMIC
amplifier 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 reverse 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 excsllent 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 LO driver amplifier. Internal DC blocks, bias tee,
and microwave coupling capacitor simplify external circuits,
minimizing your design time.

2

PHA-1+
0.05-6 GHz

Gain 13.5dB
Pout 22dBm

ea. {qty. 20)

AVA-183A+ $
5-18 GHz 73% 20)

Gain 14.0dB
Poyt 19dBm

AVM-273HPK+ &
13-26.5 GHz 3 6 Z.(()qty: 10)

Gain 13.0dB
Pout 27dBm

We’ve got you covered!
3 MMIC amplifiers support the whole gamut of
applications from 50 MHz all the way up to 26.5 GHz!

The PHA-1+ uses E-PHEMT technology to offer ultra-high
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
CATV, wireless LANs, and base station infrastructure.

Visit minicircuits.com for full specs, performance curves, and
free datal These models are in stock and ready to ship today!

FREE X-Parameters-Based Modetithics®
Non-Linear Simulation Models for ADS ot hics

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

[ JMini-Circuits’

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

(718) 934-4500 sales@minicircuits.com

478 rev R
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Editorial

CHRIS DeMARTINO
Technical Editor

chris.demartino@penton.com

Will 2017 Be the
Year of the Engineer?

11 things considered, 2017 certainly looks to be a significant year for the
RF/microwave industry. Of course, we will continue to hear about 5G as
it inches closer to reality. We can also expect to hear all sorts of reports
concerning the Internet of Things (IoT). Driverless cars are sure to make headlines, too.
The list goes on.

Whether it’s texting a friend or watching a YouTube video on an iPhone, wireless
technology is now clearly entrenched in our lives. It is impossible to walk around here
in New York City and not see people texting on the street or looking at something
on their phone while waiting for the train. We can get so distracted by a text message
conversation that we become unaware of what’s happening around us (I have been
guilty of this myself).

Although wireless technology is such a major part of our lives, does society appre-
ciate the engineers who are responsible for it? Are engineers more or less appreciated
than, say, teachers and health professionals? Teachers should be respected—their jobs
can often be difficult and stressful. I have teacher friends who can certainly attest to
that. The same can be said for the nursing profession. I also know several nurses who
can relate to having stressful jobs. One can make the case that teachers and nurses are
seriously underappreciated (but I won't get into that here).

What about engineers? Are they appreciated? I'm not sure, but it is clear that many
people—and understandably so—have no idea of the concept of RE/microwave
engineering. I am positive that many of you reading this right now have experienced
telling someone that you work in the “microwave” industry—or for a “microwave”
company—only to wind up explaining to that same person that you don’t actually
work with microwave ovens. This simply underscores how wireless technology is
relied upon, but not really understood.

Whether you may or may not feel appreciated, you should nonetheless feel some
satisfaction today if you are a part of this industry. After all, you are creating the
technology that so many people depend on—whether they realize it or not. Gl

JOIN US ONLINE  twitter.com/MicrowavesRF s
become a fan at facebook.com/MicrowavesRF n

GO TO MWRE.COM

DETECTOR

For 0.01 - 50 GHz

> Single unit covers 0.01 - 50 GHz

> Matched input for low VSWR

> Flat frequency response

> High sensitivity (0.5 mV/juW
up to 50 GHz)

> Optional output connectors
(SMA, BNC, SMC)

> Great for instrumentation and
laboratory use

MAXIMUM

FLATNESS
(= dB)

LOW LEVEL
SENSITIVITY

(V1 W)

05
+03(to18

Custom Designs - Write / Call for Quote
Other Products:

Amplifiers, Comb Generators, Limiters,
Switches, Integrated Subsystems

' Herotek l
| N—— |

155 BAYTECH DRIVE, SAN JOSE, CA. 95134--2303
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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THE WIDEST BANDWIDTH IN THE INDUSTRY

IN A SINGLE MODEL!

EP2K1+ 2to 26.5 GHz
EP2W1T+ 0.5 to 9.5 GHz
EP2C+ 1.8to12.5 GHz

The industry’s largest selection includes THOUSANDS
of models from 2 kHz to 40 GHz, with up to 300W power
handling, in coaxial,flat-pack, surface mount and rack mount
housings for 50 and 75Q 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®!
It's our patented search engine that searches actual test data for the models
that meet your specific requirements! You'll find test data, S-parameters,
PCB layouts, pricing, real-time availability, and everything

you need to make a smart decision fast!

All Mini-Circuits” catalog models are available off the shelf for immediate
shipment, so check out our website today for delivery as soon as tomorrow!

o RoHS Compliant
Product availability is listed on our website.
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[JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
448 rev S


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

CONTROL DEVICES
PIN DIODE

microwavesarf

Powered by Penton®

JANUARY | 2017

ATTENUATORS

» 0.1-20GHz

- Broad & narrow band
models

- Wide dynamic range
- Custom designs 2

Attenuator types offered are: Current Controlled,
Voltage Controlled, Linearized Voltage Control-
led, Digitally Controlled and Digital Diode At-
tenuators.

PIN DIODE

SWITCHES

- Broad & narrow
band models

+ 0.1-20GHz
- Small size
+ Custom designs

1

SPST thru SP8T and Transfer type
models are offered and all switches are low loss
with isolation up to 100dB. Reflective and non-
reflective models are available along with TTL
compatible logic inputs. Switching speeds are
1usec.—30nsec. and SMA connectors are stan-
dard. Custom designs including special logic in-
puts, voltages, connectors and package styles
are available. All switches meet MIL-E-5400

PIN DIODE

PHASE SHIFTERS

+ 0.5-20GHz

+ Switched Line

+ Varactor Controlled
« Vector Modulators

+ Bi-Phase Modulators
+ QPSK Modulators

« Custom Designs

SUBASSEMBLIES

Passive Components and Control Devices can
be integrated into subassemblies to fit your spe-
cial requirements. Call for more information and
technical assistance.

Custom Designs
CALL OR WRITE

waveline

SOLID STATE ¢

P.O. Box 718, West Caldwell, NJ 07006
(973) 226-9100 Fax: 973-226-1565
E-mail: wavelineinc.com
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=——!Compet|1we Pricing & Fast Delivery = = = —————
e Military Reliability & Qualification _— : =
e Various Options: Temperature Compensation, | - : =—
Input Limiter Protection, Detectors/TTL & qu‘:“" 1 ’ '
e Unconditionally Stable (100% tested)

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

ANOTHER PATH TO
INDEPENDENCE?

I really enjoyed reading your article
titled “Fiercely Independent in Making
Measurements” just now (available on
mwrf.com). Your quest to “set up a test
station to provide observations on pub-
lished specifications” reminded me of

someone else I know: me.

I launched JitterLabs (www.jitterlabs.
com) last year as an independent test lab
for characterizing clock sources for tim-
ing noise—primarily phase noise and jit-
ter, which as you know are hotly contest-
ed and important specifications for their
manufacturers and customers. It took me
years to design and create a laboratory,
in which I obsessed about providing the

Powerful Multipath/Link

Emulator

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

Sophisticated Satellite link emulation

Mobile Comm’s on the_meve t&sting

Test solutions for ....

WIN-T - warfare informati(;)'h networks, tactical

MUOS - mobile user objec_l__)ve system
JTRS /— Joint Tdctical Radio System

IRIS

RF Test Equipment for Wireless Communications

18

32A Spruce Street
Tel (201) 677-0008 & Fax (201) 677-9444

- Intérnet routing in space

¢ Oakland, NJ 07436

www.dbmcorp.com

most accurate data. I even obtained sever-
al patents, including one to remove spurs
introduced by an oscilloscope. I also de-
veloped techniques to reduce artifacts
introduced by baluns when measuring
phase noise, something which the indus-
try had not been aware of.
The labs boundaries extend online,
where all the test data is hosted for clock-
device vendors, who use custom soft-
ware to explore the data, run analyses,
export results, etc. Additionally, it allows
their customers to input custom speci-
fications for clock performance (phase
noise masks, jitter limits, custom filter-
ing, etc.), and apply them to test data
to create compliance statements. This
way, customers can compare the perfor-
mance of competing vendors’ products,
apples-to-apples. Any company can
share their data with any other com-
pany they choose, to facilitate business.
It's quite a novel business plan, which
attempts to streamline traditional busi-
ness processes by moving them online
for greater efficiencies and cost savings.
While I can’tloan you test equipment, I
can provide perhaps something better—
independent test data (which might be all
you wanted, anyway), along with detailed
documentation about how its obtained,
and software that runs in your favorite
web browser to analyze the data in accor-
dance with its intended end application.
Thanks for letting me share my expe-
rience. Please keep me in mind if I can
ever help you out.
GARY GIUST, PH.D., JITTERLABS
EDITOR’S NOTE
Thanks for reading, and thanks for
replying. JitterLabs sounds like it could
provide an invaluable “second look” at
a clock, especially since the clock is so
critical to the performance of so many
systems—whether commercial comms
or military EW. We appreciate your of-
fer to take a look at stuff for us. Perhaps
we'll be able to take you up on it down
the road. For now; at least, we can help
spread the word that you and JitterLabs
are out there and ready.
JACK BROWNE,
TECHNICAL CONTRIBUTOR
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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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TAKING WIRELESS SENSOR

Networks out of Factories and Putting

Them in Cars

nside its Silicon Valley

wafer factory, Linear
dTechnology has installed
wireless sensors to moni-
tor gas cylinders used in
the manufacturing process
and alert managers when to
replace them. The chipmak-
er had little trouble select-
ing which sensors to buy—it
designed them.

The sensors, equipped
with wireless technology
called SmartMesh IP, have
found early success in the
industrial Internet of Things,
which aims to increase
manufacturing efficiency by
using sensor data and shar-
ing it between machines.
Linear Technology says that
over 50,000 SmartMesh net-
works have been installed in places like GlaxoSmithKline’s fac-
tory in Cork, Ireland, where they observe the drug company’s
water storage tanks.

But the company’s engineers have a vision of pushing Smart-
Mesh out of its industrial nest. Linear Technology recently
said that it helped build a battery-management system for
electric vehicles using SmartMesh chips and battery monitors.
The idea was to cut out the complex and costly wiring that
normally connects auto electronics.

The system paired the wireless SmartMesh devices with
battery-monitoring circuits capable of tolerating lots of elec-
trical noise and wide operating temperatures inside the battery
cells of a BMW i3 electric vehicle. The devices reported the
charge of each battery using a wireless technology called mesh
networking, which shares wireless signals within a small com-
munity of the chips.

20

There are many potential stumbling blocks to using wireless technologies inside cars, including metal parts

that could prove difficult for wireless signals to get through.

The battery-management system was built by Lion Smart
using components from Linear Technology, which showed
the BMW test vehicle at the electronica trade show in Munich,
Germany in November. It stands out for using technology that
was originally developed to cut costs and make it easier to add
cheap sensors inside high-voltage factory environments.

The results were similar in new battery-management sys-
tems, said Erik Soule, Linear Technology’s vice president
of signal conditioning products, in a recent interview. The
wireless chips eliminate the wires that normally deliver bat-
tery readings to a central computer, improving reliability and
simplifying designs. There is a constant threat that the wires
will shake loose or fail while driving.

The power required to drive electric cars is not usually con-
tained in a single large battery. In the BMW i3, for example,
two separate battery packs are located in the front and back of
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the vehicle. Reporting their status to a central point normally
falls to wires, like the popular CAN Bus cable or a proprietary
technology like Linear Technology’s isoSPI cable.

SmartMesh takes the cables out of the equation, allowing
engineers to install the battery packs and sensors where wir-
ing harnesses can't fit, said Soule. Getting more data about the
batteries, like current and temperature, is as simple as adding
more sensors. The wireless chips are also cheaper than the
cabling, he said.

There are many potential stumbling blocks to using wire-
less technologies inside cars, said Soule. Electric cars are
not safe environments for wireless signals. There are many
metal parts that could prove difficult for wireless signals to
get through and the high-voltage electronics create tons of
electromagnetic noise.

But SmartMesh uses both path and frequency diversity,
which routes the messages around obstacles as well as damp-
en interference. It is also constantly watching the network so
that it can hop between channels when one gets too crowd-
ed. Linear Technology boasts that SmartMesh networks are
“99.999% reliable”

The system has its limitations, though. Soule cautioned that
SmartMesh doesn’t have the response times to stream data

from critical sensors like radar or cameras that could help a
vehicle automatically avoid a collision. The devices, which can
synchronize their clocks to within several microseconds, were
originally developed for factories and environmental sensing,
prioritizing reliability and low power consumption over speed.

The concept of using wireless sensors inside cars also has
history working against it. In 2010, researchers found that
hackers could hijack the wireless pressure sensors built into
the tires of some luxury vehicles. The researchers warned that
criminals could exploit the vulnerability to track a vehicle or
force its electronic control system to malfunction.

Soule pointed to SmartMesh’s AES128 encryption as a thick
insulation against hackers, but he also admits that the system
is still a proof-of-concept. He said that he talked with repre-
sentatives from several German automakers at the electronica
demonstration. “There is huge interest,” he noted.

Linear Technology acquired SmartMesh through its acqui-
sition of Dust Networks in 2011, on the premise that its sen-
sor networking chips could provide a wider audience for the
power-management chips for which it is known. The technol-
ogy has kept a low profile in the $14.7 billion deal that Linear
Tech signed in May to be acquired by Analog Devices, which is
increasingly courting factories and cars with its chips. B

MODULES EXTEND FREQUENCY Range of Testers into Millimeter-Wave Territory

MILLITECH RECENTLY RELEASED a pair of wire-
less modules that bolt onto test equipment and
extend their frequency range into millimeter
waves. It represents a part of the wireless spec-
trum that is being plumbed for transmitting a
much larger volume of information than today’s
low frequencies.

The Spartan Test Modules, as they are called,
extend a vector network analyzer into the 69-GHz
range, also known as the V-band, and the
90-GHz or E-band range. The modules link to
existing testers using standard connectors, saving
engineers money that would otherwise be spent
on custom test setups, the company said.

Millitech, which is based in Northampton,
Mass., and is a subsidiary of Smiths Interconnect,
said that the modules were designed to test radar components,
like switches and filters, which must be tested over a wide fre-
quency range. The receiver part of the module can also double as
a downconverter for extending the range of spectrum analyzers.

The modules represent one of the latest attempts to make regu-
lar test equipment compatible with millimeter frequencies, which
are challenging to generate and often require multiple devices.
Another effort came from National Instruments, which in February
2016 revealed a radio platform to better understand the behavior

GO TO MWRE.COM

Millitech wireless modules link to existing testers using standard connectors, saving

engineers money that would otherwise be spent on custom test setups.

and capabilities of millimeter waves, which have already been
opened for communications.

In July, the Federal Communications Commission ruled to open
new bands of unlicensed spectrum between 64 and 71 GHz.
Many companies have already started pilots of next-generation
wireless gear. Intel is testing millimeter-wave equipment at its
headquarters in Austin, Texas. The company is trying out the 15-
and 28-GHz bands, which like all millimeter waves, have trouble
traveling far and penetrating obstacles. B
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TELEDYNE ACQUIRES
e2v Technologies in $789 Million Deal

TELEDYNE TECHNOLOGIES RECENTLY SIGNED a deal to acquire e2v
Technologies, a maker of radio-frequency parts and machine-
vision systems, for $789 million. Teledyne said that e2v’s technol-
ogy would mesh with the mixed-signal and imaging products it
sells to aerospace and defense firms.

The deal is the latest evidence of Teledyne’s sensitive trigger fin-
ger for acquiring new technologies and the engineers behind them
to enhance growth. Teledyne, which acts like a holding company
for around 70 different divisions, has focused in recently years on
systems engineering, machine vision, and instrumentation in aero-
space, defense, healthcare, and other markets.

e2v Technologies, which is based in Chelmsford, UK, is known
for making image sensors and power components for radio-
frequency applications in healthcare, factories, and wireless
communications. It offers microprocessors and other chips for
commercial airplanes, as well as assembly and packaging services
for semiconductors. It also builds satellite parts hardened against
dangerous radiation.

In September 2016, e2v released a new phase-locked loop
(PLL) that can be used in satellite control systems. The PLL is
based on novel silicon-on-insulator technology. In December, it
claimed to have built the first digital-to-analog converter that can
generate K-band signals, which are harnessed for radar and satel-
lite communications, without a mixer.

Teledyne said that these types of parts complement its micro-
wave electronics and assemblies. “While we both provide micro-
wave devices, e2v’s largest product and market are magnetrons
for cancer radiotherapy,” said Robert Mehrabian, Teledyne’s chief
executive, in a statement. “Teledyne supplies solid-state and
vacuum microwave systems, but no magnetrons, and we primar-
ily serve defense markets such as electronic warfare, radar, and
communications.”

e2v has also built radio systems for specific customers like
law-enforcement agencies. In 2013, the company disclosed that
it was working on a system that projects radio pulses to remotely
shut down the electronics in motorcycle and car engines. It cre-
ates a similar effect to an electromagnetic pulse at a distance up
to 50 meters.

Neil Johnson, e2v’s chairman, said in a statement that the com-
pany would benefit from “being part of a larger, complementary
group with enhanced scale and a wider range of capabilities to
service its key customers and management.” e2v’s board of
directors, he said, had approved the deal.

With previous deals, Teledyne has acted like a holding company,
forming subsidiaries like Teledyne LeCroy, a maker of electronic test
equipment, to operate independently. Neither company said wheth-
er e2v, which employs around 1,700, would become a subsidiary
or be absorbed by other Teledyne units, like its Microwave or Micro-
electronic Technologies divisions. Over the last year, e2v had sales of
around $340 million and netted about $60 million in profit.

The deal is expected to be completed in the first half of 2017. B

Teledyne said that e2v’s technology would mesh with the mixed-signal and imaging products it sells to aerospace and defense firms.

(Image courtesy of NASA Goddard Space Flight Center, Creative Commons)
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wn 100 Watt

from ea.qty. (1-9)

High-powered performance across wide frequency ranges.
Mini-Circuits’ class A/AB linear amplifiers have set a
standard for wideband high-power performance
throughout the RF and microwave industry. Rugged and
reliable, they feature over-voltage and over-temperature
protections and can withstand opens and shorts at the
output! Available with or without heat sinks, they’re
perfect for demanding test lab environments and for
integrating directly into customer assemblies. With
standard models covering frequencies from 100 kHz
up to 26.5 GHz, chances are we have a solution for
your needs in stock. Place your order on minicircuits.
com today for delivery as soon as tomorrow! Need a
custom model? Give us a call and talk to our engineers
about your special requirements!

MPLIFIERS

W 100 kHz t0 26.5 GHz

Model Frequency Gain Pout @ Comp. §$ Price*
(MHz) (dB) 1dB 3dB (Qty. 1-9)
(W) (W)

ZVM-273HP+  13000-26500 14.5 0.5 0.5 2195

ZVE-3W-83+ 2000-8000 35 2 3 1295
ZVE-3W-183+  5900-18000 35 2 3 1295
ZHL-4W-422+ 500-4200 25 3 4 1160
ZHL-5W-422+ 500-4200 25 3 5 1670
ZHL-5W-2G+ 800-2000 45 5 5 995
ZHL-10W-2G+  800-2000 43 10 12 1295

® ZHL-16W-43+  1800-4000 45 12 16 1595

® ZHL-20W-13+ 20-1000 50 13 20 1395
e ZHL-20W-13SW+ 20-1000 50 13 20 1445
LZY-22+ 0.1-200 43 16 30 1495
ZHL-30W-262+ 2300-2550 50 20 32 1995
ZHL-30W-252+ 700-2500 50 25 40 2995
LZY-2+ 500-1000 47 32 38 2195
LZY-1+ 20-512 42 50 50 1995
® ZHL-50W-52+ 50-500 50 63 63 1395
© ZHL-100W-52+ 50-500 5 63 79 1995

© ZHL-100W-GAN+ 20-500 42 79 100 2395

NEW! ZHL-100W-272+ 700-2700 48 79 100 7995

ZHL-100W-13+  800-1000 50 79 100 2195

ZHL-100W-352+ 3000-3500 50 100 100 3595

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
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Broadest Selection of
In-Stock RF Switches

Electromechanical

2

Surface Mount

* Coaxial, Waveguide and Surface Mount
options available

* SPST thru SP12T and Transfer
configurations

* Frequencies from 10 MHz to 110 GHz
+ All in-stock and ship same-day

Fairview Microwave,

RF COMPONENTS ON DEMAND. T ag~l
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News

COMPOUND SEMICONDUCTOR

Maker lI-VI Expands Factory

1I-VI INC. IS expanding a factory for com-
pound semiconductors used in displays,
laser sensors, and radio-frequency devic-
es. The company, based in Saxonburg,
Pa., expects four times the number of
chips will leave the new plant by 2020.

The factory under renovation is located
in Champaign, lll., and is
operated by EpiWorks, a chip-
maker that II-VI purchased for
an undisclosed sum in Febru-
ary 2016. EpiWorks is known
for manufacturing epitaxial
chips out of extremely thin
layers of semiconductors like
indium phosphate and gal-
lium arsenide. Both are critical
building blocks for optical as
well as wireless chips.

Before it acquired Epi-
Works, II-VI built other semi-
conductors in the arcane field
of electrical materials, includ-
ing silicon carbide and zinc
sulfide. Vincent Mattera, II-VI's
CEO since September, has
followed his predecessor Fran-
cis Kramer in laying ambitious
plans for new technology.

The company is building
clean rooms in lllinois for new manufactur-
ing tools, but also a special laboratory for
testing wafers. And renovating a chip fac-
tory is not to be taken lightly. The facility
must be designed to be extremely clean,
free of even a single speck of dust that can
corrupt a chip’s circuits.

After the EpiWorks deal closed, the
company ordered three new specialized
semiconductor machines that filled the
available space in the lllinois plant, accord-
ing to Quesnell Hartmann, one of the
co-founders of EpiWorks, in a recent state-
ment. “These systems have already been
installed and we have now moved into the
next phase of growth,” he added.

The renovations are scheduled to be
finished in mid-2017. In the meantime,
[I-VI'is hiring engineers and plant manag-

ers to help run the bigger facility. The new
hires will oversee the production of devices
based on indium phosphate (INP) and gal-
lium arsenide (GaAs). The products will
include optoelectronic parts for data cen-
ters, semiconductor lasers, and specialized
chips for 5G wireless infrastructure.

Before acquiring EpiWorks, 11-VI built other semiconduc-
tors in the arcane field of electrical materials, including
silicon carbide and zinc sulfide. (Image courtesy of UCL

Engineering, Creative Commons)

While most chipmakers contract found-
ries to manufacture chip designs, II-VI has
expanded its manufacturing operations
in recent years. Before it signed the deal
with EpiWorks, it also bought Anadigics, a
maker of compound semiconductors for
wireless chips, for $78.2 million. The deal
ended a surprise bidding war between an
unidentified Chinese firm and GaAs Labs,
the holding company for Macom.

[I-VI disclosed in a recent government
filing that it had sold some of Anadigics’
radio-frequency technology for around $45
million. But the company kept Anadigics’
manufacturing plant in New Jersey, which
had produced GaAs wafers measuring six
inches. II-VI plans to build optical compo-
nents known as vertical-cavity surface-
emitting lasers with the old equipment. M
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News

QUANTENNA FOLLOWS UP with Second 802.11ax Chip

BACK IN OCTOBER, Quantenna revealed the first known chip to dard, which technology analysts and industry executives have paint-
support an embryonic form of Wi-Fi, which will not be released ed as a significant upgrade to the latest 802.11ac version of Wi-Fi. It
until around 2019. At the Consumer Electronics Show (CES) in Las will not increase download speeds explicitly, but instead will improve
Vegas earlier this month, the company previewed its second chip how Wi-Fi networks share the available airwaves to reduce traffic.
based on the standard, called 802.11ax. The Wi-Fi Alliance has said that 802.11ax will coordinate multiple
The new chip, QSR5G-AX, supports an early draft of the stan- antennas to send multiple streams of data to devices. Each stream

is split again with orthogonal frequency-divi-

sion multiple access, or OFDMA, a variation
on the technology used in modern cellular
networks, creating a bigger pipeline for data.
In contrast, earlier forms of Wi-Fi created
multiple streams but assigned only one to
each device.

The new standard aims to provide bet-

FA S T E R , O U | ET E R , S M A |_ L E R ter coverage in places bursting with mobile

devices and connected sensors, like apart-
S I G NAL s 0 U RCES ment buildings and offices. Wi-Fi networks in

your neighbor’s apartment or the office below
Q U | C K S Y N S Y N '|' H E S |Z E R S yours can cause interference. It will also pro-
vide download speeds to over 10 Gb/s.

“802.11ax is the future of Wi-Fi,” said Sam

Heidari, Quantenna’s CEO, in a statement.
Design smaller and more efficiently The company has jumped out ahead of
major rivals like Broadcom, which last year
completed its $37 billion merger with Avago
synthesizers. The revolutionary phase- to form Broadcom Incorporated. And that

with National Instruments QuickSyn

has given Quantenna clout with investors,
who gave it around $160 million in funding
synthesizers enables blazing fast before it went public late last year.

The QSR5G-AX supports eight total
streams for routers and set-top boxes. Four
and phase noise performance, wide of the streams occupy the 5-GHz band and
four are in the 2.4-GHz band. The 5-GHz
spectrum holds more room for wireless traffic
than 2.4-GHz, which is at varying degrees by
earlier standards.
ni-microwavecomponents.com/quicksyn The new chip is a slightly lighter version
than the first 802.11ax chip released by
Quantenna in October, the QSR10G-AX,
which supports 12 streams of data. That
device is a drop-in replacement for older
chips based on the company’s 802.11ac
chip architecture.

Both chips will be compatible with
802.11ax devices, like smartphones or
computers, said the company. They will also
be compatible with existing standards, like

refining technology used in QuickSyn

switching speeds, very low spurious

frequency range, and small footprint.

‘ NATIONAL 802.11ac and 802.11n. Quantenna plans to
’ INSTRUMENTS' begin sampling both the QSR10G-AX and
QSR5G-AX chips in early 2017. It did not say
© 2016 National Instruments. All rights reserved. when either chip would enter production. | |
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the accuracy of Rubidium...

PRS10 Rubidium Oscillator (10 MHz)

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

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

e 1 pps input and output

¢ RS-232 computer interface

$1495 (us. list)

FS725 Benchtop Rubidium
Frequency Standard

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

$2695 (u.s. list)

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

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

The FS725 benchtop instrument is ideal for the metrology laboratory as well as the
R&D facility — anywhere precision frequency is required. It generates 5 MHz and 10
MHz signals and has a built-in distribution amplifier with up to 22 outputs.

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

Phone (408) 744-9040 - Fax (408) 744-9049 - www.thinkSRS.com
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R&D Roundup

BOOSTING POWER WITH SILICON CMOS

ILICON CMOS SEMICONDUCTOR technology has been the

basis for a wide range of analog, digital, and mixed-signal

semiconductor devices. Traditionally, though, it does not fare
well in high-frequency amplification applications. A different semi-
conductor technology, such as gallium arsenide (GaAs), is typically
recruited to raise the amplitude of high-frequency signals.

In hopes of gaining more power at higher frequencies from Si
CMOS, Jie Cui from the School of Electrical and Optical Engi-
neering, Nanjing University of Science and Technology (Nanjing,
China) and Purdue University (West Lafayette, Ind.), working with
Sultan Helmi, Yingheng Tang, and Saeed Mohammadi from Pur-
due Univ., reviewed a great deal of the work already performed on
increasing the operating frequencies of Si CMOS processes. In con-
cert, they stacked on-chip transistors in different configurations to
achieve higher levels of output power.

The team reviewed the performance levels of a number of dif-
ferent stacked CMOS PAs, operating from RF through millimeter-
wave frequencies, including a number of PAs developed at Purdue.
As with other researchers, they discovered that various limitations
in Si CMOS must first be overcome for higher performance. For
example, output power is limited by the low breakdown voltages
of CMOS. In addition, limitations in frequency, efficiency, and
bandwidth are caused by the parasitic elements of active and pas-
sive components in CMOS technology, including on-chip passive
components with high loss (e.g., inductors, transformers, and trans-
mission lines).

Some of the parasitic limitations can be overcome by using a
substrate material with high thermal conductivity, such as alumi-
num nitride (AIN), in place of the standard Si-based substrates. In
addition, the use of an enhanced silicon-on-sapphire (SOS) CMOS
process can also minimize parasitic elements when fabricating PA
circuitry for improved higher-frequency performance.

Employing an innovative interconnection scheme, the three
transistors of a triple-cascode cell were fabricated and stacked using
a combined layout cell with low parasitic elements. The researchers
were able to achieve power outputs at frequencies approaching the
performance levels of commercial GaAs PAs.

One of the designs features a stacked transistor configuration
and switchable input matching network for optimizing wideband
performance by dividing the total bandwidth into two portions.
When the input matching switch is in the “on” state, the PA cov-
ers a bandwidth of 1.8 to 2.4 GHz; when the switch is in the “off”
state, the PA operates across a bandwidth of 2.4 to 3.4 GHz. This
particular design provides 6-dB gain with better than +13 dBm out-
put power at 1-dB compression (P1dB) with better than 13% peak
power-added efficiency (PAE). Fabricated with a 0.25-um SOS
CMOS process, it is a good example of the higher-frequency PA
performance achievable with Si CMOS.

See “Stacking the Deck for Efficiency,” IEEE Microwave
Magazine, Vol. 17, No. 12, December 2016, p. 55.
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REGISTERING HIGH
RFID ISOLATION

RADIO-FREQUENCY-IDENTIFICATION (RFID) TECHNOLOGY
continues to spread as a reliable means of wireless
security for many systems. These include readers
that transmit signals to remotely power transceivers
without batteries, which return signals to the reader
at the same frequency. Effective operation requires
adequate isolation between the two signals and
the transmit and receive paths, which is typically
achieved by two separate bistatic antennas or a
single, switchable monostatic antenna.

Because both approaches can suffer from leak-
age of transmit power into the RFID reader, re-
searchers Alirio Boaventura, Joao Santos, Arnaldo
Oliveira, and Nuno Borges Carvalho of the Instituto
de Telecomunicac¢des, Departamento de Eletronica,
Telecomunicacgoes e Informatica, Universidade de
Aveiro, Portugal, explored various self-jamming can-
cellation techniques for commercial RFID integrated
circuits (ICs), including methods currently used in
radar systems.

Such factors as signal reflections; RFID tag move-
ment and resulting modulation from RFID tag anten-
nas; lack of isolation from passive couplers in RFID
antenna connections; and interference from nearby
radio systems can result in jamming of RFID sys-
tems. Without sufficient isolation, power from these
different sources can leak into the RFID receiver sec-
tion and cause an overload of the receiver front end.

One proven method for cancelling self-jamming
signals is to use a sample of the self-jamming sig-
nal to create an out-of-phase version of the signal
to cancel the interference. This classical approach
involves amplitude and phase control to create a re-
liable self-jlamming cancellation signal, leaving only
the RFID information signal.

Through experimentation using baseband ap-
proaches, the researchers developed several ap-
proaches suitable for passive RFID designs based
on algorithms that form lowpass filters (LPFs) and
highpass filters (HPFs) for the removal of self-
jamming interference in RFID systems. The ap-
proaches are meant to extend the range of passive
RFID systems and, as the researchers explain, have
already been adopted in a number of commercial
RFID ICs. The techniques have proved effective in
minimizing self-amming effects for RFID systems
even under transient operating conditions.

See “Perfect Isolation,” IEEE Microwave Magazine,
Vol. 17, No. 11, November 2016, p. 20.
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TINY -
Wideband

Transformers&Baluns!

NOW!

4 kHZ = 186HZ From QQg:qty.zm

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 !. f 1/'

to search our entire model database by performance criteria and ol -

find the models that meet your requirements. Order today and have g%,,x o15e QSS 0,05 gggf 0.10"
them in hand as soon as tomorrow! Cost-effective custom designs ' Ceramic Ceramic
and simulations with fast turnarounds are just a phone call away! (% rots compiiant.
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Directional/Bi-Directional

COUPLERS
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5kHzto18 GHz up to 250W iom 9 5 g (qty.1000)

NO‘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
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.

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
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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SUPER ULTRA WIDEBAND

AMPLIFIERS

up to +27 aBm output... 0.1t021GHz

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

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

w 845..

Flectrical Specifications (-55 to +85°C base plate temperature)
Model Frequency Gain P1dB  IP3 NF  Price $ *
(GHz) (dB) (dBm) (dBm) (dB) (Qty.1-9)

ZVA-183WX+ 0.1-18  28+2 27 35 3.0 1345.00
ZVA-183X+ 0.7-18  26%1 24 33 3.0 935.00
ZVA-213X+ 0.8-21  26+2 24 33 3.0 945.00

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

Wideband Performance

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

183W+
183+

213+

0.1 0.7 0.8 Frequency (GHz) 18 21
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News

Inside

CK

with
James Kimery,

for RF Communications and Software-Defined Radio

(SDR), National Instruments

Interview by CHRIS DeMARTINO, Technology Editor

JAMES KIMERY is the director of marketing for RF,
communications, and software-defined radio (SDR)
initiatives at National Instruments (NI). He is responsible
for the company’s communication system design and SDR
strategies. Kimery also manages NI's advanced research RF/
Communications Lead User program.

5G is obviously receiving lots of attention. In your own
words, can you tell us why we need 5G?

There are several reasons, but I believe that there are two
primary drivers. First, we all know and have experienced
the transformational impact of the smartphone. Our
mobile smart devices have become an indispensable part
of our lives and drive our collective demand for mobile
broadband data, resulting in an exponential increase in
broadband data. Unfortunately, industry analysts predict
the growing demand for mobile data will outstrip capac-
ity in the not-so-distant future. To keep up with rising
demand, new capacity is needed. That’s where 5G comes
in—5G promises significant increases in data rates as well
as capacity.

Second, the concept of a network encompassing in-
creased capacity, increased bandwidth, and perhaps even
lower latency will inevitably give rise to a wealth of new
applications and services that could transform our lives,
once again spawning new businesses and unlocking enor-
mous economic potential. Service operators are motivated
to move 5G forward to increase revenue by offering new

32

services for businesses and consumers beyond broadband
data and voice, igniting an ecosystem of suppliers primed
to deliver solutions that capitalize on these new capabilities.

To conclude, there are two primary drivers for 5G—one
based on our need for faster data and more capacity than
our current 4G networks, and the other rooted in the
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nascent wireless broadband movement but augmented by
new 5G capabilities. The 5G network will enable entrepre-
neurs to create applications, services, and solutions that
take full advantage of the network’s new functionality and
hopefully create tremendous business opportunities.

Millimeter-wave frequencies are clearly tied to 5G. Where
do you see that going?

On July 14, 2016, the FCC moved forward with reclassify-
ing the following spectrum bands as mixed-use, including
mobile access: 28-GHz (27.5 to 28.35 GHz), 37-GHz (37

to 38.6 GHz), and 39-GHz (38.6 to 40 GHz) bands, and a
new unlicensed band at 64 to 71 GHz. In total, the FCC
essentially allocated almost 14 GHz of licensed and unli-
censed spectrum for 5G. As such, the United States became
the first country in the world to designate spectrum for

5G operation and more aggressively designated specific
centimeter- and millimeter-wave spectrum as potential
spectrum targets.

Although these centimeter- and millimeter-wave fre-
quencies have been designated for 5G by the U.S., global
harmonization is a challenge. The WRC—the ITU group
responsible for global spectrum harmonization—noted in
2015 that the 28-GHz band cannot by allocated globally,
meaning the U.S. and other countries that have available
spectrum around 28 GHz may likely join together to move
asynchronously forward. Without global agreement on
spectrum for 5G, worldwide acceptance and adoption of
5G technologies may be challenged.

In addition, the smartphone industry today enjoys
tremendous benefits from economies of scale with the
harmonization of the standard and spectrum bands region-
ally (and also technology with few vendors dominating the
global market). 5G will need this type of harmonization to
maximize the impact.

Furthermore, Verizon announced a “5G Specification”
and plans for fixed wireless deployment intended for “last
mile access” to residential homes. Although not technically
5@, Verizon has seen the opportunity and vision to move
forward with millimeter-wave technologies to address a
near-term opportunity. And this move could potentially
pave the wave for a broader 5G millimeter-wave deploy-
ment for mobile access.

When we met at NIWeek, you mentioned how you think
5G’s modulation scheme may simply be orthogonal
frequency-division multiplexing (OFDM). Do you still
feel that’s the case?

Yes. In fact, since NIWeek, the 3GPP has kicked off several
study items related to Release 15, otherwise known as

the 5G release. Because the 3GPP is a consensus-building
organization, OFDM seems to be the strongest candidate
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for Phase 1 5G standardization. Although competing wave-
forms are technically still alive and viable, OFDM seems to
have the broadest support—and in a consensus organiza-
tion, popularity matters. Other flavors of filtered OFDM
are still being considered, but the path for inclusion is not
quite as straightforward or clear.

Massive multiple-input, multiple-output (MIMO)
technology is something that is linked to 5G. Can you
tell us a little about it?

Unlike 3G or 4G systems, massive MIMO employs
hundreds of antennas at the base station to exploit the
numerous degrees of freedom that these many antennas
can deliver. Lund University and the University of Bristol
were able to demonstrate last spring the vast potential of
massive MIMO by prototyping a 128-antenna system with
22 UEs. These researchers achieved a spectrum efficiency
of over 145 b/s/Hz, which is over 15x the current LTE
systems. Spectrum below 6 GHz is scarce, and by using
massive MIMO rather than conventional LTE, networks
could increase capacity by over 15x using relatively low-
cost technology.

The 3GPP is still considering massive MIMO for inclu-
sion in Release 15, and many aspects to massive MIMO
must be worked out at a system level. However, there
seems to be genuine interest and motivation to work
through these issues and build consensus before June 2018,
which is the current scheduled date for finalization of
Phase 1 of 5G.

What challenges are associated with 5G testing?

5G offers tremendous potential benefits over our current
networks, and in the end, new technologies are needed to
realize these systems. In order for millimeter-wave systems
to be viable, it is almost certain that high-gain, phased-
array antennas will be needed at the base station and at the
UE to overcome the path loss at these frequencies.

These antenna beams are highly directional at such fre-
quencies and may be packaged with the silicon, producing
a module that includes the transceivers, low-noise amplifi-
ers (LNAs), power amplifiers (PAs), and the antenna. With
this type of packaging, instrument access with a cable is
not possible and the specter of over-the-air testing of these
modules must be considered. Over-the-air testing intro-
duces many variables not encountered with cabled testing,
and this is a research area for test-and-measurement
companies.

Massive MIMO also presents challenges in that massive-
MIMO base stations feature hundreds of transceiver chains
and MIMO processing, and these systems differ dramati-
cally from current 4G implementations. With massive
MIMO, each individual transceiver chain can be tested
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individually, but a test capable of testing all transceiver
chains in aggregate is surely needed to obtain error-vector-
magnitude (EVM) measurements—a common method

to assess the performance characteristics of a transceiver.
Testing one receiver or one transmit path is not sufficient
to measure EVM of the system.

To address the massive-MIMO test challenge, one could
envision a signal generator with 128 or more outputs and
a vector signal analyzer (VSA) with the same number.
Cost-effectively delivering this type of instrument requires
test-and-measurement companies to be creative.

What developments do you think will occur in 2017 that
will bring 5G closer to reality?

Two really important events will happen in 2017. The work
items for 3GPP Release 15 are expected to be set in March.
So by March of 2017, we should have a good picture of the
5G Phase 1 specification, although there will be several
months of work ahead for the 3GPP membership.

Second, I mentioned earlier the Verizon 5G specification.

I believe there will be a big focus on what Verizon does in
the 28-GHz band. Although Verizon may not deploy mo-

bile access equipment, and perhaps the specification may
be short of a comprehensive 5G mobile access network,

the Verizon work will be the first commercial widespread
deployment of centimeter-/millimeter-wave technology in
the world. In some ways, the Verizon progress may be an
early indicator of the success of 5G mobile access networks.
In other words, if Verizon is successful with their field trials
and deployments, this will bode well for future 5G millime-
ter-wave deployments.

Lastly, when do you expect to see the first 5G
deployments?

The Korean government is pushing very hard to have 5G
trial deployments in time for the 2018 Winter Olympics in
Pyeoungchang, and these deployments are widely expected
to be at 28 GHz. Given the timing of the specification
finalization—June 2018—it is unclear whether these trial
deployments will be standard-compliant. However, if both
Verizon and the Korean operators such as Korea Telecom
and South Korea Telecom are successful with their initial
millimeter-wave deployment goals, then we may all see and
experience 5G much sooner than 2020. G
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Special Report
CHRIS DeMARTINO | Technical Editor

5 Technology
Areas to Watch

in 2017

This year, expect to see the RF/microwave industry
produce solutions that push technological boundaries

to meet new and emerging requirements.

en forecasting what 2017 has in
store for the RF/microwave land-
scape, it led to one concrete conclu-
sion: The industry is primed to con-
hare of innovative technology solutions.
Both commercial and military applications demand cutting-
edge devices, components, and systems as well as the latest
design software and test-and-measurement equipment. And
with companies focused on making 5G a reality, the industry
shows no signs of slowing down.

Speaking with those throughout the industry revealed a
number of predictions for 2017. For one, size, weight, and
power (SWaP) constraints will be ever-more stringent for
aerospace and defense systems. Radar applications will take
advantage of emerging technology to offer performance that
surpasses the capabilities of older systems. Of course, gallium-
nitride (GaN) technology will play a key role in all of these
developments.

Moreover, mobile communication demands will lead to
challenging filter requirements. Proper antenna solutions are
needed, too, as more people drop cable service. In addition,
providers of design software tools and test-and-measure-
ment equipment must deliver solutions to satisfy rapidly
changing needs.

With these prognostications setting the
stage, here are five industry sectors to
keep a close eye on this year:

1. SEMICONDUCTOR
TECHNOLOGY

By now, GaN technology’s huge
impact on RF/microwave technol-
ogy should be apparent to all in the
industry. In 2017, we can surely expect
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to see GaN in heavy doses. One well-documented benefit of
GaN lies in the realization of smaller form factors, making it
vital when it comes to meeting today’s SWaP requirements.

“In 2017, we expect to see a continued push toward more
stringent SWaP requirements for upgraded and next-gener-
ation aerospace and defense systems—particularly for radar
applications,” says Kevin Harrington, director of strategic mar-
keting, discrete products group, Microsemi (www.microsemi.
com). “New power lineups based on GaN-on-silicon car-
bide (GaN-on-SiC) provide higher power-added efficiencies
(PAEs) and smaller form factors that were not possible in
older radar systems. Combining GaN-on-SiC with continued
advances in thermal design packages and smart chip design
for peak RF and thermal performance will help continue to
push the limits of SWaP requirements.

“Monolithic microwave integrated circuits (MMICs) will
continue to have a critical role in advanced electronic-warfare
(EW) solutions;” continues Harrington. “Mixed technology, gal-
lium arsenide (GaAs), GaN, and silicon germanium (SiGe) each
offer critical performance advantages. GaN MMICs have pushed
higher power capability over wide bandwidths, while GaAs
MMICs maintain higher linearity and low noise figure at lower
power levels. Added functionality to standard building blocks
will help system-level designers optimize the various lineups
needed in EW and electronic-countermeasure (ECM) systems.”

Harrington believes there will be an ongoing move to more
integrated solutions. He notes, “Higher levels of integration
will also be a continued trend in 2017. This will happen either
through multi-chip modules (MCMs) for higher power appli-
cations using GaN, GaAs, and silicon-diode technologies, or
through SiGe BiCMOS for lower power, highly integrated RF
integrated circuits (RFICs). This trend is seen in many mar-
ket applications, including military communications, smart
munitions, avionics, and radios.”
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2. FILTER REQUIREMENTS

Intensifying demands of mobile

communications have created a
need for more advanced RF filter
solutions. Firms such as Qorvo
(www.qorvo.com) and Broadcom
(www.broadcom.com) represent
two of the major players in this space.
However, newer companies like Resonant
(www.resonant.com) and Akoustis (www.akoustis.

com) are now making their presence felt, too.

“For 2017, band proliferation, higher data rates, and mini-
mizing the number of smartphone models continue to drive
the growth and complexity of filters,” says Mike Eddy, vice
president of marketing at Resonant. “Hence, the expectation
is that the number of filters sold will increase to more than 45
billion in 2017, according to [market research firm] Navian”

Eddy adds, “These are the trends for filters in mobile
devices, which are the largest filter market:

o Increasing number of filters per device: More RF paths
within the device from multiple antennas and spectrum
proliferation will continue to grow and require more fil-
ters. Thus, filter size and cost must continue to decrease.

o Increasing integration: RF front-end performance is

crucial. Maximizing power-amplifier (PA) efficiency on
the uplink and receiver sensitivity on the downlink will
require optimization of the entire RF chain. As complexi-
ty increases, understanding the RF chain and any interac-
tions between elements becomes crucial. For filters, opti-
mizing the interface to the PA and the low-noise amplifier
(LNA) will be required in the filter design process.

o Complex multiplexing: Carrier aggregation (CA) for
higher data rates will drive more complex multiplexing,
which in turn drives more complex filters.

o More demanding specifications: Isolation, loss, and pow-
er-handling requirements continue to create new chal-
lenges. Filters in the RF chain are a major contributor to
loss, which is critical for total transmit (Tx) efficiency (and
ultimately for the PA current draw and for battery life) as
well as the total noise figure in the receive (Rx) path (and
ultimately for the signal-to-noise ratio and the data rate)”

3. ANTENNA SOLUTIONS
Another key technology area
that bears watching in 2017 is the
antenna. Interestingly enough, the
large number of people who are
dropping cable service, or “cord-
cutting,” has
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performance, according to one com-
pany. Jeff Shamblin, chief scientist at
Ethertronics (www.ethertronics.com),
explains, “Adoption of video streaming
is accelerating and the move is on to
cancel cable subscriptions. The main
drawback is that the local TV channels
provided as part of a cable subscription
are no longer available to the consumer.
In 2017, we can expect around 24 mil-
lion non-paying TV households.”
Shamblin is quick to point out how
dropped cable service requires proper
antenna technology. He explains, “The
relevant problem to solve for cord-cut-
ting systems is antenna selection and
placement. A lot of neighborhoods
with single-family homes have restric-
tions on placement of TV antennas
outdoors. Additionally, for consumers
living in apartments and condos, there
are restrictions on roof access that add
to the antenna siting task. The popu-
lar approach is to use a small antenna
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indoors to connect to the TV tuner to access over-the-air
(OTA) signals.

“This current approach of placing a passive antenna at a
location in a room in a home provides you the ability to sam-
ple the signal at that one location,” he notes. “Since this is an
indoor environment, there will be reflected signals bouncing
around the room. The antenna will in reality be picking up
multiple signals and coupling them into the OTA receiver.
The shape of the radiation pattern and

4. DESIGN TOOLS

Soon, 5G may transform the
way that products are designed
and built, with simulation soft-
ware playing a key role. “In 2017,

emerging 5G technologies and PutStreamreader (
] ] ) endswWith())
the increasing power of low-cost <(311="

software-defined radios (SDRs) will

polarization of the passive antenna is

fixed, i.e., one radiation pattern only
per channel and a fixed polarization
state of the antenna. This fixed radia-
tion pattern will not be optimized for
reception of the multiple reflected sig-
nals in the room across all of the TV

channels”

According to Shamblin, utilizing an
LNA in these scenarios is not the proper
solution: “Attempting to improve a pas-
sive antenna by adding an LNA typically
fails since the LNA will amplify noise
along with the TV signal received by the
antenna. As a result, the signal-to-noise
ratio (SNR) is slightly lower than it is
without the amplifier since the LNA has
losses. LNAs are recommended when
using an outdoor antenna and a long
cable run, with the LNA providing the
capability of boosting the signal at the
antenna prior to the losses associated
with the long coaxial cable leading to
the TV

Ethertronics has developed tech-
nology that can help overcome those
problems. “Our Active Steering tech-
nology provides the capability of gen-
erating four or more radiation patterns
from a single antenna and to dynami-
cally change the polarization state. This
dynamic ‘radiation mode’ capability,
when coupled to an Ethertronics-sup-
plied algorithm, allows for these multi-
ple radiation patterns and polarization
states to be sampled. The technology
allows for the optimal radiation mode

to 67 GHz

Ty

to be selected for use when acquiring
an OTA channel for viewing. This will
result in receiving a stronger TV signal
in-home from an Active Steering anten-
na when compared to a passive antenna
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change the way that engineers research, design, and build
wireless products,” says Ken Karnofsky, senior strategist, sig-
nal processing applications, at MathWorks (www.mathworks.
com). “These technologies are driving deep integration of
RF and digital technologies to implement millimeter-wave
radios, massive multiple-input, multiple-output (MIMO)
antenna arrays, and flexible multi-function radios for com-
mercial, military, and public safety systems.

“Specifically, radios operating at millimeter-wave frequen-
cies will employ extremely compact MIMO array designs,
with the RFIC integrated with the antenna elements,” contin-
ues Karnofsky. “Similarly, 5G systems are expected to achieve
high throughput at relatively low power by using hybrid
beamforming techniques. These techniques partition the
processing between RF and digital components to optimize
SNR and efficiently focus transmitted signals on a specific
location.”

According to Karnofsky, simulation tools that support mul-
tiple domains offer a tremendous advantage. “Highly inte-
grated devices require engineers to design across traditional
silos of expertise and use domain-specific tools,” he notes. “As
a result, 5G and other advanced wireless-technology design-
ers should rely on multi-domain simulation tools. By model-
ing the antenna, RF, and digital subsystems together, they
can quickly explore alternative architectures and algorithms
along with measuring the impact of design tradeoffs on sys-
tem performance.”

Karnfosky also expects to see increased dependence on
SDR technology for wireless applications. He elaborates,
“We will also see expanded use of SDR technology to meet
the need for hardware prototypes and testbeds for a range
of wireless applications—including 5G. System designers
and research and development engineers see an opportunity
to use SDR hardware to speed development of these proto-
types. But they often lack the field-programmable gate array
(FPGA) or system-on-a-chip (SoC) programming expertise
to implement their designs on that hardware.

“They will and should increasingly turn to a model-
based design workflow that uses generation of portable
HDL and C code from models,” says Karnofsky. “Using
this workflow, they can design, prototype, and verify algo-
rithms on a range of commercial SDR hardware and create
production-ready IP for implementation
on custom hardware.”

5. CHANGING TEST NEEDS

New advances in wireless com-
munications will have a major
impact on test-and-measurement
requirements. Several different
technologies can be considered driv-
ing factors. According to Adam Smith,
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director of product marketing at LitePoint (www.litepoint.
com), “Big changes are coming to wireless. There is an explo-
sion in new wirelessly connected products and new use mod-
els will value improvements in range, battery life, latency, and
number of connected devices. Three major technologies will
play a key role in these new products: IEEE 802.11ax, low-
power wide-area networks (LPWANS), and millimeter-wave
frequencies.

“IEEE 802.11ax is not simply the next version of Wi-Fi,”
explains Smith. “It represents a fundamental change in the
way that Wi-Fi operates. “Simplistically speaking, Wi-Fi
is borrowing from cellular by adopting techniques used in
LTE. Unlike LTE, which operates in a managed, licensed
spectrum, Wi-Fi operates in the unlicensed spectrum on
an ad hoc, on-demand basis. A successful launch of this
technology will require products to manage the chaos of the
unlicensed spectrum. Verifying that these devices play by
the IEEE 802.11ax rules requires smarter test equipment.
Equipment needs to be ‘packet aware’ and support near
real-time power control. New test methodologies are needed
to achieve the required manufacturing economics without
sacrificing product quality”

LitePoint is also offering test solutions to support LPWAN
technologies. Smith notes, “LPWAN technologies, such as
Sigfox, LoRa, and LTE Cat-NB1, seek to meet the emerging
requirements for the Industrial Internet of Things (IIoT)
market. These technologies address range, battery life, secu-
rity, and quality-of-service. One challenge device makers will
face is getting their products to market quickly with high
quality. To make this easier, we provide ‘reference designs’ for
test, delivering pre-validated chipset-specific solutions that
accelerate product validation.”

The third factor that Smith believes will impact the test-
and-measurement arena is millimeter-wave technology. He
says, “Millimeter-wave technology represents the next fron-
tier of wireless with nearly 20 GHz of pristine spectrum.
The physics of this spectrum drives antenna beamforming
technology, which in turn drives new ways of measuring these
types of signals. Test equipment needs to be able to address
OTA measurements of a variety of antenna arrays, ensuring
that these arrays can efficiently ‘steer’ the energy to the end-
user”

Taking all of these potential advances into consideration,
2017 looks to be an eventful year for the RF/microwave
industry. As 5G and other new technologies loom on the
horizon, companies are focused on delivering the next gen-
eration of design and test solutions. Cutting-edge perfor-
mance in terms of semiconductor technology will likely
create headlines this year. And filter and antenna solutions
will play key roles across many wireless fields in 2017. Stay
tuned to Microwaves & REF, as we report on these unfolding
developments. Il
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RF Essentials
JACK BROWNE | Technical Contributor

Harvesting Energy
from RF Sources

Excess energy from transmitted communications signals can be captured and
transformed to dc power, perfect for a wide range of low-power electronic devices.

CONSERVATION OF ENERGY starts by reusing energy that
has already been expended. That energy is readily available
in electromagnetic (EM) form, from broadcast AM and FM
radio waves to the many wireless devices that transmit signals
around us, such as cellular base stations and short-distance
wireless local-area networks (WLANS). The key to harvesting
or scavenging this “used” energy starts with a dedicated receiv-
er capable of receiving the available wireless signals, along
with some means of converting the received signal power into
a supply of electrical power.

Many leading suppliers of wireless communications prod-
ucts are well aware of the eventual need to conserve battery
power as users became more dependent on those devices. The
evolution of the cellular telephone into a personal messaging
and entertainment center has meant that these portable radios
can do more, but it also means that they require more power
to do so. If limited to batteries as power sources, the increased
current drain from the added functionality will result in less
operating time per battery charge (and less billable hours for
service providers).

For a while now, developers of mobile communications
devices have sought to ease the load on the batteries in those
devices via some form of energy recovery system. With the
growing popularity of Internet of Things (IoT) and machine-

s N
Extra antenna RF-to-DC DC power
to harvest "1 converter > mar.wggment
RF energy circuitry
| J

Back view of cell phone
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to-machine (M2M) devices for automated remote control of
electronic devices, IoT applications are being envisioned—for
homes and factories alike—that could potentially remain
powered for years awaiting a trigger. With energy-harvesting
capability, such devices can literally pull energy out of the air
to recharge their own batteries or harvest enough energy from
the environment so that a battery may not even be required
for power.

Such devices are now typically referred to as “zero-power”
wireless sensors for their capability of providing sensor data
directly on a wireless channel or by means of the internet,
using a wireless gateway with no apparent source of energy.
The “batteryless” approach has been commonly used with
radio-frequency-identification (RFID) tags that transmit an
identifying signal based on received power from an RFID
reader’s transmitted signals (as the source of power).

By harvesting power from available RF energy sources, a
new generation of ultra-low-power (ULP) wireless devices,
such as IoT sensors, can be developed for low-maintenance
applications like remote monitoring. Energy harvesting is
considered very much a “companion” technology to wireless
communications, since it can enable extended battery lifetime
for mobile devices and possibly battery-free operation for
some electronic devices.

— £

E This is a simplified functional diagram

of how RF energy can be harnessed

from the environment and converted
into dc power for another applica-
tion. The diagram is based on a

Cell phone

circuitry

patented concept of using a cellular
telephone’s surface as an energy-

Y

harvesting antenna, thus reusing the
electromagnetic (EM) energy from the

very same cellular phone. (Courtesy of
Radient micro-tech Corp.)
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Energy Harvesting

he basic concept for harvesting energy from an RF source
typically involves an extra antenna to receive the desired
wireless signals via a wireless product’s primary receiver.

CREATING ENERGY

Energy can be harvested from a number of different
sources, including light, heat, vibration, motion, pressure,
magnetic fields, and RF/microwave signals. Some methods
of producing energy are quite creative but practical. Enocean
(www.enocean.com), for example, makes wireless light-
emitting-diode (LED) lamp switches that use the pressure of
a user’s hand on the switch as the source of energy. Pressing
on the switch generates the dc power needed to transmit
wireless on/off signals to an LED lamp within line of sight
of the switch.

The basic concept for harvesting energy from an RF source
typically involves an extra antenna to receive the desired wire-
less signals via a wireless product’s primary receiver. Alter-
nately, a secondary receiver may be dedicated to energy har-
vesting that covers the frequency range of interest (see figure).
Received signals are applied to some form of rectifying cir-
cuitry to convert the wireless energy to dc power.

In some cases, an antenna that incorporates the rectifying
circuitry, known as a rectenna, may be used to save space.
The antenna portion of a rectenna can be almost any form of
antenna suitable for the frequency band of interest. Options
include a monopole, dipole, or microstrip patch fabricated on
printed-circuit board (PCB), along with rectifying circuitry
based on nonlinear rectifying devices (such as Schottky or
IMPATT diodes). The antenna will be joined to the rectifying
circuitry by means of impedance-matching circuitry and fil-
ters, such as lowpass filters, to block any harmonics generated
by the diodes.

Conversion efficiency is critical to any energy-harvesting
solution. The antenna and receiver will determine the amount
of RF signal power available for rectification, while the diodes
and diode-rectifying circuitry will determine the RF-to-dc
conversion efficiency. Energy-harvesting circuits have histori-
cally taken advantage of plentiful sources of RF energy, such
as FM radio signals, which can be collected with simple stick
antennas and basic diode-rectifying circuits.

Voltage regulation is an important part of any energy-
harvesting solution, as it ensures that a stable supply of
electricity is being provided to the load. For that purpose,
a number of IC suppliers offer various forms of voltage con-
verters with built-in regulation to maintain consistent volt-
age and current for the intended load. Linear Technology
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(www.linear.com/energyharvesting), for example, has devel-
oped a family of energy-harvesting power supplies with capa-
bilities that target different forms of initial energy sources.

The ICs, which integrate a full-wave bridge rectifier with
a buck converter, are designed for lower current operation
with lower-energy sources (like thermoelectric generators and
piezoelectric sources) and higher currents with higher-power
sources (e.g., solar and RF energy). In fact, many IC suppliers
with energy-harvesting power supplies, such as Silicon Labs
(www.silabs.com) and Texas Instruments (www.ti.com), offer
reference designs to show their ICs in typical applications.

These ICs are not simple power-supply circuits, but sophis-
ticated means of (in some cases) controlling trickle charges to
a battery from a low-power energy supply. A device such as the
LTC3588-1 from Linear Technology is a nanopower energy-
harvesting power supply for use with high-output-impedance
energy sources such as piezoelectric, solar, or magnetic trans-
ducers. It allows charge to accumulate on an input capacitor
until the IC’s buck converter can efficiently transfer a portion
of the stored charge to a load (like a battery) at the output.

It provides four pin-selectable output voltages of 1.8, 2.5,
3.3,and 3.6 V with as much as 100 mA continuous output cur-
rent to accommodate many different load or battery require-
ments. A larger output capacitor can be used with the IC
when higher output current bursts are needed. This IC, with
an input voltage range of 2.7 to 20.0 V dc, is part of a total
energy-harvesting solution, along with an antenna, receiver,
and rectifying element. Depending on the amount of energy
available from a source, the designer of an energy-harvesting
solution would select the power-supply circuitry according to
the expected voltage and current range to be fed to the load.

Energy sources are all around, and RF/microwave signals
are just one type of those sources. Military equipment suppli-
ers, for example, have already experimented with circuits that
extract energy from motion, such as using a soldier’s walking
motion to generate the power supply for recharging a portable
radio system. In the medical world, where implantable devices
must be powered by external power supplies, ICs are being
developed with on-chip antennas and the capability to draw
power from radio waves in a patient’s environment. The rapid
growth of IoT devices and applications will be creating increas-
ing demand for energy-harvesting solutions that can free many
future wireless devices from their dependences on batteries. Tl
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Industry Trends
JACK BROWNE | Technical Contributor

Driving the Fufure of
Vehicular Technology

Electronic technologies, from basic temperature sensors to millimeter-wave radars,
are playing more prominent roles in new car models.

AUTOMOBILES ARE BEING made smarter with each model year.
Electronic technologies are playing major roles in enhanc-
ing vehicular safety, and that trend will continue. Cameras
and millimeter-wave radar systems in newer car models, for
example, can detect objects in front and rear and send warning
and trigger signals to other subsystems within a car, such as the
automatic braking system (ABS), to prevent an accident.

The interest of automotive manufacturers in producing
fully autonomous vehicles has been well publicized, and the
overall growth of electronic content within new-model auto-
mobiles represents a heartily growing market for electronic
devices such as microprocessors and wireless transceivers, as
well as software that can help build the road to the “driverless”
vehicle of the future. But before we can all take our hands off
the wheel, a better understanding of the industry’s growing
electronic needs is needed.

Cars are smarter due to their growing electronics content,
starting with their computer networks—among them, those
based on the controller area network (CAN), local intercon-
nect network (LIN), and FlexRay protocols. The CAN proto-
col, for example, allows all electronic devices in an automobile
to communicate. A vehicle’s electronic control unit (ECU) can
communicate by means of a single CAN interface, as opposed
to utilizing separate analog and digital interfaces for different
electronic components to save weight and complexity. The
CAN protocol was first developed for automotive applica-
tions, but has been adopted by other industries (e.g., medical
electronic equipment manufacturers) because of its reliability
and effectiveness.

As vehicles gain more electronic content, an efficient com-
munications and control protocol such as CAN is essential
for orchestrating the sequences of messages among the net-
worked devices. All devices on a CAN system first receive all
transmitted messages from the ECU, then decide whether a
message is relevant or should be filtered. Every message has a
priority, and the device node with the higher priority has the
opportunity to respond first. A CAN system includes cyclic
redundancy code (CRC) that is used for error checking.

In addition to this communication of electronic devices with-
in a vehicle’s own network, future vehicles will also communicate
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1. The concept of vehicle-to-vehicle (V2V) communications involves a
sharing of vehicular speed and location information among vehicles
with V2V wireless technology, to avoid accidents as well as traffic

backups. (Courtesy of Car Talk)

with each other by means of wireless vehicle-to -vehicle (V2V)
communications. A recent proposal by the U.S. Department
of Transportation (DoT) outlined the benefits of V2V com-
munications and a timeframe for its implementation in new
model cars (by 2023). The proposal is under review by a num-
ber of other organizations, including the U.S. Federal Highway
Administration and the Alliance of Automobile Manufacturers.

By having all vehicles communicating their locations, speeds,
directions, and other parameters 10 times per second to other
vehicles, all vehicles will have a 360-deg. situational awareness of
the traffic volume and conditions around them (Fig. I), both to
avoid accidents and minimize traffic congestion. Existing vehicu-
lar electronic technologies, such as collision-avoidance systems,
are seen as complementary to V2V systems and networks.

The DoT’s proposal suggests that V2V technology can pro-
vide significant decreases in the number of accidents and sig-
nificant decreases in the number of lives lost due to vehicular
accidents. The 392-page proposal is aligned with the automo-
tive industry’s efforts to develop autonomous, “self-driving”
vehicles that would employ GPS satellite receivers for position
information and V2V networks for cars to “talk” to each other
by means of various electronic components and devices. As a
consequence, roads are made safer even with less local control
exerted by human drivers.
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Industry Trends

Wireless communications within a single vehicle has tra-
ditionally been conducted within the Industrial-Scientific-
Medical (ISM) frequency band, typically from 315 to 915 MHz,
although much higher frequencies are used for automotive
radar systems and will be used for V2V technology. For exam-
ple, in the U.S., the FCC has allocated the frequency range
normally associated with wireless local area network (WLAN)
equipment for V2V applications: 5.850 to 5.925 GHz. While

internet providers and other wireless users are hoping to gain
the use of some of this bandwidth, the automotive industry is
well aware of the need for bandwidth if it is to achieve the chal-
lenging goals set for future V2V networks.

Depending upon geographic regions, the V2V standards and
frequencies will vary. The U.S. V2V standard is commonly known
as the wireless access for vehicular environments (WAVE) stan-
dard. Europe has the vehicular ad hoc network (VANET) stan-
dard, which is a variation on the mobile

I@AX | S. INC.  coaxial RF Cable Assemblies

Semi-rigid Design Guide

download at koaxis.com

Quicker and more
cost-effective assemblies
are as easy as 1-2-3-4-5-6

or, as always

Build It visually build a cable assembly
get a specification instantly
online using eCommerce

See It
Buy It

Made in the USA

50

=

+1(610) 222-0154

ad hoc network (MANET) standard.
While the FCC that governs frequency
bandwidth in the U.S,, it is the European
Telecommunications Standards Institute
(ETSI) in Europe that sets the require-
ments for V2V technology. The latter gov-
erning body has created a standard known
as ITS-G5, which is based on the IEEE’s
802.11p wireless networking standard.

DRIVING MORE CHIPS

Semiconductor manufacturers have
been long at work developing and sup-
plying wireless transceivers, sensors, and
other forms of integrated circuits (ICs)
for automotive electronics prior to the
coming of V2V technologies. The list of
well-established IC suppliers for auto-
motive electronics is long, and includes
Analog Devices (www.analog.com),
Broadcom (www.broadcom.com), NXP
Semiconductors (www.nxp.com), and
Infineon Technologies (www.infineon.
com). Not only are electronic sensors
helping to meet stricter emissions stan-
dards for vehicles with internal combus-
tion engines, but they are also being used
to achieve low-emissions power trains in
hybrid electric vehicles (HEVs).

The operating environment for auto-
motive ICs is not unlike the specifications
set for military electronic devices, with
high reliability required over wide oper-
ating temperature ranges. To be consid-
ered “automotive-grade” electronic devic-
es, such ICs must endure stress testing
according to guidelines established by the
Automotive Electronics Council (AEC) in
the AEC Q100 specifications. Electronic
devices for automotive use are qualified
according to how rigorous the condi-
tions of their particular applications and
locations within the vehicle, with grades
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0 through 4 assigned for different ambi-
ent operating temperature ranges: —40 to
+150°C (Grade 0), —40 to +125°C (Grade
1), —40 to +105°C (Grade 2), —40 to +85°C
(Grade 3), and —40 to +70°C (Grade 4).

Through its merger with Freescale
Semiconductor, NXP (which is in turn
about to be acquired by Qualcomm)
fortified its already strong semiconduc-
tor design and fabrication capabilities to
produce some of the industry’s small-
est 77-GHz radar ICs (Fig. 2). Based on
a high-frequency silicon germanium
(SiGe) semiconductor process, the
single-chip, multiple-channel, 77-GHz
radar transceiver measures just 7.5 x 7.5
mm? and provides high-resolution radar
performance for automotive advanced
driver assistance systems (ADASs). The
small size of the radar IC makes it easier
to integrate into multiple locations within
a vehicle. The IC provides the accurate,
high-resolution radar returns needed
for self-driving autonomous vehicles in
addition to its support of collision-avoid-
ance systems and adaptive cruise control
systems.

Infineon, a long-time supplier of auto-
motive electronic solutions, also relies
on a SiGe semiconductor process for
its radar system IC (RASIC) series of
77-GHz automotive radar devices that
are fully qualified to AEC-Q100 require-
ments. The highly integrated devices
require few, if any, additional external

components.

2. The high level of integration used in a SiGe
semiconductor process has enabled the pro-
duction of this miniature 77-GHz automotive

radar chip. (Courtesy of NXP Semiconductors)
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NXP, which supports all three auto-
motive network protocols, also makes a
number of RF-based solutions for auto-
motive electronics applications at ISM
band frequencies, including a single-chip
transceiver with programmable fraction-
al-N phased-lock loop (PLL) frequen-
cy synthesizer. These lower-frequency
devices are typically used for such appli-
cations as communicating data from tire
pressure monitoring systems (TPMSs)
and for keyless remote entry and other
telemetry applications. The firm supplies
a range of sensors for such functions as
monitoring gas emissions and fluid tem-
perature monitoring (such as for anti-
freeze and motor oil).

All automotive radar systems are
not at millimeter-wave frequencies,
as Analog Devices offers a frequency-
modulated-continuous-wave (FMCW)
radar chip for use at 24 GHz, along with
a number of different sensors based on
MEMS technology. The radar chipset

includes a two-channel transmitter, a
four-channel receiver, and a 13-GHz
fractional-N PLL frequency synthe-
sizer. The firm recently bolstered its
position as an electronics component
supplier for automotive safety systems
by acquiring solid-state laser-beam
steering technology from the privately
held Vescent Photonics, Inc. of Golden,
Colo. The nonmechanical technology
is a good fit for automotive LIDAR
systems with higher reliability than
mechanical solutions.

Between the self-contained networks
within each vehicle, such as a CAN sys-
tem, and the expectations of widespread
V2V wireless communications capa-
bilities in future vehicles, modern wire-
less communications technologies will
ensure that vehicles are as well connect-
ed as their owners. Whether a driver’s
hands are on or off the steering wheel,
hopefully the end result is a safer driving
experience for all. [
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UWB Printed Antenna

Blocks Satellite and
WLAN Signals

This novel monopole UWB antenna provides two notched bands for rejecting
interference from 5-GHz WLAN signals and 8-GHz X-band satellite signals.

Itrawideband (UWB) communications

systems provide many times the bandwidth

needed for standard communications ser-

vices, such as cellular wireless communica-
tions or wireless local area networks (WLANSs). One of the
main benefits of an UWB component like an antenna or
amplifier is that a single component can be used in a system
that provides multiple communications services.

As an example, a novel printed UWB monopole antenna
was developed with dual-notched frequency bands, for use
in both the 5.2-GHz WLAN band and the 8.0-GHz X-band
satellite-communications (satcom) band. The design cou-
ples an E-shaped structure with microstrip feedline to
achieve UWB performance with band-rejection capability.
The UWB antenna demonstrates omnidirectional radiation
patterns across its wide bandwidth.

UWRB radio technology has attracted a great deal of atten-
tion ever since the U.S. Federal Communications Commis-
sion (FCC) allocated 7.5 GHz of bandwidth (3.1 to 10.6
GHz) for unlicensed radio applications. Many applications
have been developed based on UWB technology, such as
short-range broadband communications, radar sensing,
and body-area networks (BANs) for medical and health-
care use.! In terms of antennas for UWB systems, pla-
nar monopole antennas present attractive features: simple
structure, small size, low cost, stable radiation patterns, and
constant gain over wide operating bands. Owing to these
characteristics, research is increasingly being focused on
planar monopoles for UWB use.?"®

Potential problems for UWB communications systems
stem from interference from existing systems within that
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wide frequency range, such as 5.8-GHz signals from WLAN
systems and 8-GHz signals from X-band satellite commu-
nications systems (XSCSs). As a result, a compact UWB
monopole antenna with multiple reject bands can provide
a practical solution to reject these unwanted interference

signals.”"13
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1. These diagrams show the layout of the UWB antenna with two
notches: (a) the overall view of the antenna layout, (b) a front view
of the layout, and (c) a rear view of the layout.
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To achieve the desired band-notched performance, differ-
ent-shaped slots (such as U- or V-) are usually inserted into
the initial UWB monopole antenna structure. In refs. 8 and
9, however, only one notch band was created. In refs. 10 and
11, two notched bands can be achieved by means of a defected
ground structure (DGS) approach. However, all these notched
UWRB antenna design strategies are based on the use of mul-
tilayer circuit structures that would increase fabrication costs
and not be compatible with existing integrated-circuit (IC)
radio devices.

To provide a practical solution for limiting the effects of
interference in UWB systems, a compact UWB monopole
antenna with two notch bands was developed. To start,
the resonant properties of an E-shaped resonator were
explored. Analysis of the resonator structure reveals that
dual bandstop performance was possible based on the dual-
mode resonant properties of the E-shaped resonator. By
placing the E-shaped resonator structure close to the feed-
line of the UWB antenna, it should be possible to achieve
the two notched bands within the total UWB frequency
range.

To validate the design concept, a novel planar UWB
antenna with two sharply rejected notch bands centered
at 5.8 and 8.0 GHz, respectively, was designed and fabri-
cated. Computer simulations and prototype measurements
show that the antenna achieves an ultrawide bandwidth
ranging from 2.0 to 11.0 GHz while avoiding interference
from WLAN/XSCS signals. The antenna offers an omni-
directional radiation pattern in the H-plane across its full
bandwidth.

Figure 1 presents the geometry of the proposed UWB
antenna with two sharp notch bands. The antenna con-
sists of a dual bandstop filter and a conventional planar
circular monopole antenna. It is fabricated on 0.508-mm-
thick RO4350B circuit material from Rogers Corp. (www.
rogerscorp.com). The circuit material exhibits a dielectric
constant (relative permittivity) of 3.48 at 10 GHz in the
z-axis (thickness) of the substrate. The bandstop filter (i.e.,
the two notch bands) is realized by coupling the E-shaped
resonator to 50-Q microstrip feedlines for the antenna.

The proposed planar UWB antenna has a circular patch
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O 2. This layout and equivalent circuit represent
the coupled E-shaped resonator used in the
UWB antenna.

with radius, R; , of 8.5 mm, which is fed
—=c = by 50-Q microstrip line of width wy = 3.5
mm. To improve impedance-matching

performance, a rectangular slit is embed-

ded in the ground plane, located under
the microstrip feed line. The final opti-
mized parameters of the planar UWB antenna are as fol-
lows: w;=20 mm, w,=8.05 mm, w3=4.6 mm, w,=0.3 mm,
1,=35 mm, 1,=16 mm, and 15=3.8 mm.

The proposed E-shaped resonator is composed of
a stepped-impedance hairpin resonator with a centrally
loaded short-ended stub. Figure 2 shows the layout of the
E-shaped resonator coupled to a section of main transmis-
sion line and its corresponding equivalent circuit. The
properties of the E-shaped resonator can be analyzed by the
even-odd-mode analysis method. Under mode excitation,
the electrical field distribution of the resonator exhibits
either an even- or an odd-mode distribution property.
Thus, the even- and odd-mode resonant frequencies (feyen
and fy4q respectively) can be deduced by means of Egs. 1
and 2, respectively:

even eﬁ’ 4(l + l + 16’3) V

()

even -

@)

odd

Ao \/7 4, +1, )\/7

where fis the center frequency of the E-shaped resonator;
seffdenotes the effective dielectric constant of the substrate;
and c is the speed of light in free space.

The dual-mode stepped-impedance resonator (SIR)
can achieve dual-stopband (i.e., the two notch bands)
performance when placed next to the microstrip feedline.
It can be functionally equivalent to two shunt-connected
series resonance circuits, as shown in Fig. 2b. The section
I, 1,5 of the dual-mode SIR can be seen as the capacitance
C while the section /.3 of the dual-mode SIR can be seen as
inductance L. The dimensions of the E-shaped resonator
were selected as follows: w,; = 0.2 mm, w,, = 0.2 mm, [,; = 3
mm, [,, =4.6 mm, l,; = 0.8 mm, and r, = 0.2 mm.

Transfer characteristics of the coupled E-shaped
resonator with various dimensions were studied to validate
its two-mode resonant properties (Fig. 3). The frequencies
of the two notch bands move down simultaneously with
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3. These S-parameters were simulated for various dimensions of the coupled E-shaped resonator: (a) /s, and (b) /c3.

increases in the length I.;. This is because the electrical
fields are distributed on these two sections for both the
even and odd modes.

When I3 is decreased, only the frequency of the first notch
band moves higher. This is because there are no electrical fields
distributed on the area of I 3 for the odd mode. Therefore, by
appropriately adjusting the resonator dimensions, two notch
bands can be achieved at desired frequencies.

Based on the two bandstop filters previously described,
a novel planar UWB monopole antenna with two high-
rejection notch bands was designed as shown in Fig. 4.
All simulations were carried out using Version 11.0 of the
commercial Ansoft HFSS finite-element EM simulation
software from Ansys (www.ansys.com).

Figure 5 compares the simulated and measured VSWR
for the UWB antenna. The antenna exhibits an impedance

4. This is a photograph of the fabricated prototype of the UWB
antenna with dual notches.
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bandwidth of 2.0 to 11.0 GHz for a VSWR of less than 2.0:1,
except for the notch bands of 5.5 to 6.5 GHz and 7.6 to 9.1
GHz. The center frequencies of these two notch bands are
about 5.8 and 8.0 GHz, respectively.

These notch bands are well suited for rejecting 5.8-GHz
WLAN signals and 8.0-GHz satellite signals. The normal-
ized radiation patterns in the E- and H-planes were simu-
lated at 2.5, 5.0, 7.5, and 10.0 GHz (Fig. 6). As the patterns
show, the antenna achieves good omnidirectional radiation
patterns in the H-plane. Figure 7 plots the measured peak
gain in the E-plane. The radiation patterns in the E-plane
are in symmetry. Even with its dual notches, this antenna
behaves very much like a typical printed-circuit-board
(PCB) monopole antenna.

By controlling the parameters of the E-shaped resonator,
the two notch bands can be easily tuned to the desirable

—— Simulation
------ Measurement

VSWR

Frequency (GHz)

5. The measured and simulated VSWRs of the UWB antenna are plot-
ted here.
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UWB Printed Antenna

y controlling the
parameters of
the E-shaped resonator,
the two notch bands can be
easily tuned to the desirable
frequency locations.

frequency locations. The antenna covers the
frequency range for UWB systems, between 2.0
and 11.0 GHz, with rejection bands centered
around WLAN/SCS services. With the benefit
of small size, outstanding performance can be

realized for broadband antennas—widely need-
ed for UWB applications.
The measured results show good perfor-

mance in terms of reflection coefficient,

(c)
antenna gain, and radiation patterns. The

antenna design represents a practical approach 6. The measured and simulated radiation patterns for the UWB antenna are shown
for modern UWB wireless communication for the following frequencies: (a) 2.5 GHz, (b) 5.0 GHz, (c) 7.5 GHz, and (d) 10.0 GHz.
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7. The measured peak gain of the UWB antenna is plotted as a func-

tion of frequency for the UWB frequency range.

systems owing to its simple topology, compact size, and
excellent performance.

Editor’s Note: The authors’ design approach was also dem-
onstrated in the construction of an UWB bandpass filter,
using parallel U-shaped slots to achieve dual frequency
notches within the full FCC-approved UWB frequency range
of 3.1 to 10.6 GHz. (See http://mwrf.com/passive-compo-
nents/uwb-bandpass-filter-features-dual-notches). Il
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How Bending

Affects a Flexible
UWB Antenna

A compact antenna maintains high gain and an omnidirectional radiation pattern,
even with flexing across frequency ranges complying with UWB frequency allocations

in the U.S. and Europe.

lexible antennas are important components in a

growing number of wireless applications, including

wearable electronics and sensor systems. However,

flexing the antenna from its nominal straight con-
figuration can impact performance, depending on the antenna
design, substrate material, and other factors. To meet the need
for flexibility, a robust yet compact ultrawide-

textile substrates,” 8 others use paper substrates,” 10 and still
others employ thin, flexible dielectric substrates.!1"13 A tradeoff
always exists between achieving functional conformability and
low cost. In the case of circuits fabricated on flexible substrates,
the circuit material must be robust and be able to endure wide
temperature ranges without degradation in performance.

band (UWB) antenna was designed based on
microstrip feed approach.

The antenna design measures just 38 x 22
mm? and is fabricated on flexible liquid crys-
talline polymer substrate material. It features a
resonating structure, which plays a key role in the
enhancement of gain across the lower part of the
UWRB spectrum. The design was simulated with
commercial design software and a prototype was
built and characterized, with good agreement
between simulations and measurements for bent
and straight cases.

The markets for flexible wireless devices are
rapidly increasing, both with regard to wearable
and implantable devices for health-monitoring L
systems and daily-life wireless devices (e.g., cell
phones, tablets, and laptop computers). For this
reason, the need for flexible printed antennas has

increased in recent years, especially for biomedi-

1-3 wearable applications, > and

6

cal applications,
body-mounted applications.

A number of flexible antenna designs have
been attempted on different mechanically flex-
ible substrate materials. Some approaches involve
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1. These 2D diagrams illustrate the basic geometry of the UWB antenna: (a) the top
layer and (b) the bottom layer.

JANUARY 2017 MICROWAVES & RF


mailto:sherif.zahran.1991@ieee.org
mailto:maaabdalla@ieee.org

For flexible antennas, design goals include good radiation
parameters in a compact size, with performance maintained
throughout bending. In other words, it is very important
requirement that they should perform effectively under various
bending conditions.'*

One application area in urgent need of flexible devices is
UWB communications. The enormous bandwidth available,
the capacity for high data rates, and the potential for small size
and low processing power—along with low implementation
costs—present a unique opportunity for UWB to become a
widely adopted radio solution for future wireless home-net-
working technology.!®

Such systems include wireless PC peripherals, multimedia
connectivity, and wireless network access for mobile comput-
ing devices. One example of a flexible radio application is a
body area network (BAN), which is becoming increasingly
popular for health monitoring in medical applications.

From a frequency spectrum point of view, UWB technology
employs bandwidths of greater than 500 MHz (or fractional
bandwidths of greater than 20%"?), such as 2,500 to 3,000 MHz.
Depending on location, various frequency allocations have
been made for UWB series.

In the United States, for example, there is 3.1 to 10.6 GHz by
the Federal Communications Commission (FCC).'® Europe
has multiband orthogonal frequency division multiplexing
(MB-OFDM,; 3.1 to 4.8 GHz) and direct-sequence UWB (DS-
UWSB; 6 to 8.5 GHz) by the European Conference for Postal and
Telecommunication Administrations (CEPT) Electronic Com-
munication Committee (ECC).1”

Antennas designed for these applications should have rea-
sonable and constant radiation properties (such as radiation
pattern type, gain, and polarization) within their operating
bandwidths.'® 1° Different planar monopole antenna structures
have been widely used as UWB antennas due to their ability to
provide constant omnidirectional radiation patterns and con-
trolled input impedance parameters over the UWB frequency
band. Moreover, planar antennas have simple structures and
small size, and can be printed on the very same PCB circuitry as
the transmitter and receiver.20-20

Designing flexible antennas requires thin substrates to
accommodate the flexing. As a consequence, the antenna’s radi-
ation pattern properties may be degraded due to the thinness
of the substrate. Care must be taken in the design of an antenna
with thin substrate material to achieve an omnidirectional
radiation pattern with good gain across the target operating
frequency range. Examples of UWB flexible antennas in planar
configurations are presented in refs. 27-31. Success in achieving
good performance parameters has made flexible UWB anten-
nas valuable components for wearable, implantable, and body-
centric applications.3>-3*

By using an extremely thin substrate material, it is possible to
develop a compact flexible antenna for UWB applications. The

GO TO MWRF.COM

antenna is fed with a microstrip transmission line with modi-
fied monopole structure. The design was computer-simulated
with a commercial full-wave electromagnetic (EM) simulation
software program, with measurements of a prototype matching
closely with the performance predictions made by the simula-
tions.

The antenna design employs a microstrip-fed circular mono-
pole with resonator at ground level, fabricated on Ultralam
3850 liquid-crystal-polymer (LCP) circuit material from Rogers
Corp. (www.rogerscorp.com). The circuit material has dielectric
constant (relative permittivity) of 3.14 in the z-axis (thickness)
at 10 GHz with loss tangent of 0.0025. The substrate was 100 pm
thick and the copper cladding was 18 yum thick.

Figures 1a and b show the top and bottom design geometry of
the antenna, respectively. The top layer is designed as a circular
monopole antenna. The monopole antenna is fed by a single
50-Q transmission line with feed width, W¢ = 0.245 mm. To
compensate the low efficiency of an antenna fabricated on such
a thin substrate, an incomplete half-disk resonator was added
on the bottom of the circular patch antenna.

The additional resonator acts as an incomplete reflector, pre-
serving moderate antenna gain without deforming the desired
omnidirectional radiation pattern of the antenna. A stub was
added to the resonator to compensate for any further added res-
onance that may affect the desired UWB bandwidth. Finally, the
ground shape of the feeding microstrip transmission line was
formed in the shape of a triangle to decrease the size of metal at
the ends, which enhances bending functionality.

2. These photographs show the fabricated prototype antenna next

to a British penny: (a) the bottom layer, (b) the top layer, and (c) the
amount of bending possible with the flexible substrate.

Figure 2 compares the fabricated antenna prototype to a
coin (a British penny) and in its bent form. Fabrication was
performed by means of a carefully controlled photolitho-
graphic process, followed by a high-resolution chemical etch-
ing process. As can be seen in Fig. 2¢, the antenna’s thin struc-
ture and bending capabilities make it an excellent candidate
for wearable wireless electronic products.

The initial design of the circular monopole diameter was
set equal to the wavelength of the center frequency within the
selected UWB bandwidth, which was designed as 7.5 GHz.
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Flexible UWB Antenna

THE PROPOSED FLEXIBLE UWB ANTENNA AND ITS DIMENSIONS

Parameters (in mm)

Parameter L W Dp D, Doy Ws
Dimension 38 22 21.2 10.2 20.2 6
Parameter W Wgo Ly X Wi Lt
Dimension 8 18 14.8 1 0.245 15

The antenna was further optimized based on investigating
the current flow through the antenna radiator over the full
bandwidth of the UWB antenna requirements. The antenna’s
dimensions are listed in the table; it has a total area of 38 x 22
mm?.

To explain the role of the additional resonator at ground,
the surface current distributions are shown in Fig. 3 with and
without the resonator. It shows the direction and distribution

of surface currents at 4 GHz induced by the presence of a
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3. These simulated plots show magnitude/vector surface current
distributions over the top and bottom antenna surfaces for (a) the
antenna geometry without the booster at 4 GHz, and (b) the novel

UWB antenna design with the bottom booster resonator at 4 GHz.
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4. This 2D radiation pattern was simulated for the normalized antenna
XZ-plane gain, for different antenna configurations, at 4 GHz.
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5. The flexible antenna design

was simulated for its flexed performance
when bent over an imaginary cylinder with radius R,.

smaller-radius, ground-resonating structure, which forces the
current to coexist more on the edges of the top radiating patch.
This enhances the generation of less-deformed radiation pat-
terns at this frequency.

The normalized two-dimensional (2D) gain pattern in the
X-Y plane of Fig. 4 demonstrates how the initial structure
without the stub resonator improves the generation of radia-
tion in the Z+ direction. It also shows how the addition of the
stub results in further enhancements to the radiation pattern
in that direction.

The antenna’s performance was simulated with the com-
mercial Ansoft HFSS finite-element EM simulation software
from Ansys (www.ansys.com). Two versions of the antenna
were built and simulated: straight and bent forms. Figure 5
shows the configuration of the bent version of the antenna,
with the antenna simulated as being bent around an imaginary
cylinder with radius of curvature R,.

6. The photograph shows the measurement setup for the UWB
antenna design, using a test fixture from Inter-Continental Microwave

(www.icmicrowave.com).

The antenna’s resonant characteristics were confirmed by
measurements of the fabricated antenna prototype. Figure 6
shows the measurement setup for antenna matching. A test fix-
ture was used to measure antenna impedance-matching prop-
erties, since soldering a 50-Q2 SMA connector to the antenna for
coaxial measurements proved quite difficult due to the narrow
width of the antenna’s microstrip transmission lines.

Figure 7 compares the simulated reflection coefficients of
the antenna for straight and bent (R,= 40 mm) formats versus
the measured reflection coefficient for the straight antenna.
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Flexible UWB Antenna

Reflection coefficient (dB)
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Frequency (GHz)

7. Simulations provided the reflection coefficients for the straight and
bent (R, = 40 mm) versions of the UWB antenna, from 2 to 11 GHz,
which can be compared to measurements of the straight version of
the antenna.

Both simulated results have reflection coefficients lower than
—10 dB from 4 to 10.7 GHz. Also, the reflection coefficient is
lower than —6 dB within the frequency band of 3 to 4 GHz.
Both simulated results display a deep resonance close to 7.5
GHz with small difference in amplitude. Furthermore, the
measurements show similar values over most of the frequency
band of interest.

The measured reflection coefficient indicates the strong res-
onance near 7.5 GHz, and is lower than —6 dB at frequencies
starting from 3 GHz and higher. However, despite a decrease
in the simulated reflection coefficient of less than —10 dB from
4 GHz and higher, the measured reflection coefficient has a

4 GHz
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(a) (b)
8. The 3D gain patterns of the UWB antenna were simulated at differ-
ent target frequencies for the (a) straight and (b) bent versions of the
antenna, bent over an imaginary cylinder with 4-cm radius.
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sudden increase to —4 dB in the frequency band of 4.0 to 5.3
GHz before it decreases to less than —10 dB, preserving a pat-
tern close to that of the simulated curves.

This is caused by the difficulty in making measurements
due to the thin feeding microstrip line width. However, it is
still apparent that the measurement and simulated results are
fairly close.

To validate the antenna’s far-field characteristics, three-
dimensional (3D) gain radiation patterns were simulated at
certain frequencies (4, 6, 8, and 10 GHz), as shown in Fig. 8.
To validate that bending the antenna does not affect its radia-
tion patterns, the simulated radiation patterns for the straight
antenna (Fig. 8a) are compared to the bent antenna with R, =
40 mm for the same selected frequencies (Fig. 8b). In both cas-
es, the 3D gain patterns preserve an omnidirectional pattern ,
as is quite apparent at 4, 6, and 8 GHz. A small deformation in
the omnidirectional pattern is noticeable at 10 GHz.

By observing the color bar of the plotted pattern, the anten-
na has directive gain values that range around —40 dB for nulls
at x axis (feeding axis) and 4 dB for boresight direction. For
more antenna radiation pattern investigation, the simulated
antenna gain at the Z axis is plotted in Fig. 9. As can be seen,
the antenna gain reaches a maximum at 7 GHz, where it is 3.5
dB, and a minimum at —1 dB for the frequency band edges
within the UWB spectrum.

To analyze the antenna radiation patterns within the UWB
frequency range, the current distributions were measured and
plotted for the same test frequencies at 4, 6, 8, and 10 GHz
(Fig. 10). As can be seen, the radiation pattern degrades with
increasing frequency. Also, the current distribution is homog-
enous over the antenna’s resonant band in ordered harmonics,
which explains how the antenna preserves the omnidirec-
tional pattern at these frequencies.

The antenna design provides near-stable performance with
bending in terms of matching and radiation characteristics.
The design appears suitable for use in wearable applications,
although other issues must also be considered. These include
the specific absorption rate (SAR), along with the thermal and
dielectric properties of the substrate material when matched
with human tissue for medical applications.

3 4 5 <] 7 8 9 10 11
Frequency (GHz)

9. The simulated gain of the straight version of the UWB antenna was
plotted as a function of frequency.
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10. The magnitude/vector surface current distributions for the UWB
antenna design were simulated for different frequencies.

In short, the antenna design combines flexibility with a
miniature footprint of only 38 x 22 mm?, making it a good fit
(literally) for wearable wireless applications. It is designed for
use in the upper UWB frequency range from 4 to 10.6 GHz,
satisfying at least 82% of the FCC’s UWB frequency regulation
and 100% of the ECC’s DS-UWB frequency-range require-
ments. The antenna maintains an omnidirectional radiation
pattern in both straight and bent configurations except at
higher frequencies, with high gain throughout. Tl
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Application Notes

DIVE INTO LNA DESIGN

LOW-NOISE AMPLIFIER (LNA) is
a critical component in a receiver
esign, as its performance heav-

ily determines the receiver’s overall per-
formance. Those involved with designing
LNAs must ensure that noise figure is
minimized while also being mindful of
other parameters. In the application note,
“Design of a 10 GHz Low-Noise Ampli-
fier; National Instruments presents the
design of an LNA that operates over a
frequency range of 10.0 to 10.7 GHz. The
NI AWR Design Environment is used to
design and simulate the LNA.

The LNA is designed with the
NE3515502 heterojunction field-effect
transistor (HJFET). At 10.4 GHz, this
transistor has a minimum noise figure
of approximately 0.3 dB along with
roughly 12 dB of associated gain. Fur-

thermore, a 12-mil-thick R0O4003C

laminate from Rogers Corp. is used for
the design.

A waveguide-to-microstrip adapter
is incorporated into the input section
of the LNA. This adapter was simulated
with the Analyst 3D electromagnetic
(EM) simulator. The next step of the de-
sign process involves the

sion-line models. Final adjustments and
design verification were then achieved
by using the AXIEM 3D planar EM sim-
ulator. The output transition is the final
section of the overall RF design. This
transition is realized with a coaxial con-
nector that is placed perpendicular to
the printed-circuit board

planar structures, which
are the amplifier stages
and bandpass filter. The
LNA consists of two am-

National Instruments Corp.
11500 N. Mopac Expwy.

Austin, TX 78759-3504
(877) 388-1952
www.awrcorp.com

(PCB).
The LNA’s enclosure
is then described in de-

tail. A specific cover is

plifier stages, enabling it

to achieve greater than 20 dB of gain.
The bandpass filter is placed at the out-
put of the second amplifier stage to re-
duce out-of-band gain.

Initially, the Microwave Office soft-
ware was used to simulate and optimize
the amplifier stages and bandpass filter
via closed-form distributed transmis-

designed to prevent po-
tential spurious oscillations. Lastly, 10
prototypes were assembled and mea-
sured. The measurements demonstrated
good agreement with the simulated re-
sults, proving that the LNA has a gain
of approximately 21 dB at 10.37 GHz.
In addition, noise figure is below 0.6 dB
across the entire 700-MHz band.

RECOGNIZE RF ARCHITECTURES FOR THE SMARTPHONE MARKET

THE SMARTPHONE MARKET consists of multiple categories,
each having its own design goals and priorities. To meet these
varying requirements, different approaches to RF front-end
(RFFE) integration must be utilized. In the white paper, “RF
Architecture Choices for Next-Generation Handset Designs,”
Qorvo discusses the differing RFFE integration requirements of
two major smartphone categories: flagship and

of functionality and performance into an extremely slim handset.
The RFFE must support a large number of bands to allow for
global use. Another requirement involves support for multiple
uplink and downlink carrier-aggregation (CA) combinations.
Qorvo’s RF Fusion modules are designed for flagship phones.
The RF Fusion portfolio consists of three different modules to
cover the low-, mid-, and high-band spectrum

mid-tier phones. The white paper provides RFFE
architecture examples of both.

Flagship phones and mid-tier (or entry level)
handsets are decidedly different in terms of de-

Qorvo Inc.
7628 Thorndike Road

Greensboro, NC 27409
(336) 664-1233
WWW.corvo.com

regions. An illustration of the RF Fusion architec-
ture is presented in the document.

Regional mid-tier handsets have different
RFFE requirements in comparison to global

sign priorities, price points, and development
timelines. Flagship phones are premium designs that are in-
tended for global use. They typically support six modes and
more than 15 LTE bands, according to the white paper. Mid-tier
handsets are intended for regional usage with some roaming
capabilities. The white paper notes that a typical mid-tier phone
supports five modes and between five and eight LTE bands.
Flagship phones demand a very high level of RFFE integra-
tion. To attract customers, manufacturers must pack high levels

premium handsets. Handset price is critical in
this competitive market, meaning manufacturers generally aim
to only include the RF components that are needed for each
target region or operator. Design flexibility is also important, as
handsets must be rapidly adapted for different regions. Qorvo’s
RF Flex portfolio of modules is intended for mid-tier smartphone
manufacturers. These modules enable manufacturers to mini-
mize handset costs. The white paper provides an illustration of
the RF Flex architecture.
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Recelver ICs Blend Mixers,
Synthesizers, and IF Amps

These densely packed integrated circuits surround mixer circuitry with many of the
components that once had to be added to mixers in a typical receiver front end.

WIRELESS BASE STATIONS were once contained in large, cli-
mate-controlled spaces, but now they can be mounted any-
where. As wireless network service providers attempt to achieve
coverage everywhere, the pressure is on base-station component
suppliers to provide more functionality in smaller packages.

A pair of integrated circuits (ICs) from Analog Devices
provides a solution by redefining the meaning of “mixer” in
receiver front ends. Essentially, the ICs incorporate many of
the components once added to a mixer in a receiver—such as
local oscillators (LOs) and intermediate-frequency (IF) ampli-
fiers—within the mixer IC itself. They make it possible to
dramatically shrink a cellular base station while also providing
software-defined-radio (SDR) flexibility to handle a number
of different wireless standards.

The ICs in question are the models ADRF6612 and
ADRF6614, both designed for RF ranges of 700 to 3,000 MHz,
LO ranges of 200 to 2,700 MHz, and IF spans of 40 to 500 MHz.
They work with low- or high-side LO injection and include an
on-board phase-locked loop (PLL) and multiple low-noise
voltage-controlled oscillators (VCOs), all packed within a 7- x
7-mm, 48-lead LFCSP housing. This level of integration and
component density is enhanced by the diversity and program-
mability to support a number of different wireless standards in
the small volumes required by modern microcells.

To appreciate the savings in space offered by these highly
integrated mixer ICs, it may help to remember the front end
of a cellular base-station receiver from around 2010 (Fig. 1).
The dual-mixer architecture covered a bandwidth of approxi-

Mixer and IF VGA

mately 1 GHz, requiring multiple components to handle the
then cellular frequency range of 800 to 1,900 MHz. Frequency
synthesis was provided by a separate PLL and narrowband
VCO module that required a unique PLL loop filter for opti-
mum performance. Dedicated VCO modules were used for
each band of interest, adding to the required circuit-board
area within the base station.

In addition, these discrete components were interconnected
by low-impedance transmission lines, which contributed some
signal loss. As a result, generous current was needed to drive
the VCO output to a sufficient level for the mixer for low phase
noise and noise figure under signal-blocking conditions.

Receiver ICs with integrated VCOs are not new. But achiev-
ing the wide bandwidths and low phase-noise levels required
by multiple-carrier Global System for Mobile Communica-
tions (MC-GSM) wireless networks has been a challenge. The
channel reuse scheme of GSM requires that receive LOs have
extremely low phase noise, particularly at an alternate-channel
offset frequency of 800 kHz (Fig. 2). If excessive phase noise at
these alternate channels mixes with unwanted signals at the
same 800-kHz offset, it can result in phase noise translated to
the IF output, degrading system sensitivity.

Low VCO phase noise is typically achieved with a high-
quality-factor (high-Q) tank and narrowband design. Fre-
quency division can also reduce noise. By operating a VCO
at an integer multiple of a receiver’s LO frequency, a 6-dB/
octave reduction in phase noise is achieved by the subsequent
division (Fig. 3). The phase-noise requirements for GSM in
the 1,800- to 1,900-MHz band are extremely
difficult—roughly twice as severe as those in

RF amp IF amp

LNA
g LNA >—-—>—.»,d. 2
Main Rx - >
g LNA>—-—>— A
Diversity Rx >

ADL5356

A S TG

st

the 800- to 900-MHz band.

In addition to low phase noise, modern
ASIC | base-station receiver designs must support
Fch A| the many modulation schemes currently used
in wireless communications networks. In
addition to GSM, other modulation schemes

include wideband code-division-multiple-

ADL5202

1. The block diagram represents a typical cellular wireless base station from about 2010.
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access (WCDMA) and Long Term Evolution
(LTE) systems. Receiver designs often consist
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3. Octave bandwidths are possible with this VCO circuit configuration.

of a number of different VCOs with moderate phase-noise
performance levels configured so that they are combined to
cover an octave bandwidth within the base station.

Once a number of VCOs have been configured to generate
an octave bandwidth for the highest frequencies of operation,
lower LO frequencies can be achieved by binary division. This
approach was used in the ADRF6612 receiver mixer, where VCO
fundamental frequencies span 2.7 to 5.6 GHz and two stages
of frequency division realize LO frequencies from 200 to 2,700
MHz by dividing from 1 to 32. For applications that also include
MC-GSM, the ADRF6614 receiver mixer includes two addi-
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4. This LO signal chain is used in support of a wireless base-

station receiver.

tional high-performance VCO cores to provide the LO fre-
quencies needed for the 1,800- to 1,900-MHz GSM bands.

Since modern wireless microcells may not have the
benefits of climate-controlled environments, compo-
nents such as these receiver ICs must provide consistent,
reliable performance over wide temperature extremes.
To achieve specified performance over a wide oper-
ating temperature range, the PLLs and VCOs in the
ADRF6612 and ADRF6614 ICs employ a number of
calibration techniques.

For wide bandwidths with low noise, each VCO core
employs an 8-b capacitive digital-to-analog converter
(CDAC) that automatically selects the correct band (1 of
128) for a given LO frequency. Any variations in VCO
tank amplitude are carefully monitored by the system, and
the amplitude is adjusted using an automatic-level-control
(ALC) system for optimum output amplitude. Each IC
performs a calibration sequence any time the operating
frequency is reprogrammed. This ensures that the selected
band centers the tuning voltage for a VCO’s tuning varac-
tor diode in the optimum range to maintain the synthesiz-
er in lock over the required operating temperature range.

The four VCO cores in each ADRF6612 and
ADRF6614 ICs are positioned to ensure that their oper-
ating ranges provide suitable overlap for changing envi-
ronmental conditions and device fabrication tolerances.
The cores will generally move frequency in the same
direction for environmental and process variations, so there
is enough overlap built in for the frequency synthesizer to
always achieve locked conditions.

Once the calibration solution is determined, frequency
should be maintained indefinitely; the tuning voltage range
supports the required hold-in range. In time-division-duplex
(TDD) systems, where the base station may change frequen-
cies on a time-slot-to-time-slot basis, this operating time may
be measured in microseconds. In frequency-division-duplex
(FDD) systems, it might be necessary to maintain lock on a
single frequency for years.
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Receiver ICs

There is no allowable downtime at any point during the
system operation of the ADRF6612 and ADRF6614 ICs. Thus,
changes in temperature and component aging effects are cov-
ered by the varactor tuning-voltage range and frequency tun-
ing sensitivity (Kv) of the VCO for potentially a 145°C temper-
ature range. Each IC constantly monitors device temperature
and adjusts the VCO bias as required.

The ADRF6612 and ADRF6614 ICs use a unique approach
to minimize degradation of receiver sensitivity from spurious
signal products. Using the synthesizer’s integer mode with
a tight loop filter results in low reference spurious products
of less than —100 dBc. Minimal spurious signals are criti-
cal for modulation schemes such as MC-GSM. For LTE and
other modulation schemes, or where fine frequency steps are
required, the synthesizer can be operated in fractional-N divi-
sion mode. The reference path incorporates a 13-b divider,
and the integer and fractional paths each incorporate 16-b
dividers for flexibility.

For applications where co-located, phase-tracked receive
channels are required, such as in multiple-input, multiple-out-
put (MIMO) systems, multiple ADRF6612 and ADRF6614 ICs
can be cascaded in a daisy-chain manner to permit one unit act-
ing as a master synthesizer to supply additional slave receivers
through their external LO output and input ports, respectively.
In this way, additional LO distribution amplifiers and their asso-
ciated increases in phase noise can be minimized.

To support both high- and low-side LO injection, each IC’s
LO chain provides flexible signal processing (Fig. 4). Using
integer division ratios of 1 to 32, low-side injection is possible
even for the 700-MHz band with a high IE. The LO stages also
provide a square-wave drive to the passive mixer cores over
the full LO range from 200 to 2,700 MHz.!

Modern wireless base-station receivers must operate in typi-
cally hostile signal environments. For example, any other in-
band signals close in frequency to low-level input signals to the
cellular receiver can act as blocking signals. In such a case, phase
noise from the LO amplifier in the vicinity of the blocking signal
is mixed into the IF output band directly on top of the desired
signal. This increases the noise floor and reduces the signal-to-
noise ratio (SNR) of the receiver—sometimes dramatically.

Since the blocking signal may be large (high power), it
is important that both the VCO phase noise be extremely
low, and the LO chain does not degrade the noise floor at the
blocker offset. At these very high blocking levels, the receiver
noise figure will eventually become dominated by the blocking
signal and degrade according to the power level of the blocker.

In discrete implementations of the receive chain, it would
be possible to introduce some filtering into the LO path to
minimize the phase noise at the blocker offset coming from
the VCO and LO distribution amplifiers. However, in an inte-
grated front end, care must be taken to avoid additive phase
noise in the LO chain.
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The ADRF6612 and ADRF6614 ICs employ a high-gain LO
chain and hard-limiting amplifiers to drive the LO chain into
limiting. As each stage enters hard limiting, the small-signal
gain of the LO chain that would otherwise increase phase
noise is substantially reduced, minimizing noise-figure degra-
dation under blocking conditions.

The noise fold-over from the blocking signal degrades the
output noise spectrum of the receiver, and hence the receiver
noise figure, by raising the output noise floor. The ADRF6612
and ADRF6614 receiver ICs are designed to withstand sig-
nificant blocking signals with minimal degradation of receiver
noise figure. Even with a +10-dBm input blocking level, the
receiver’s noise figure is only degraded by 3.2 dB at 10 MHz
offset from the carrier, even though the conversion gain is
compressed by 1 dB at that extreme blocking level.

The high level of integration in these receiver ICs has
enabled significant performance improvements and savings in
dc power for modern wireless base-station designers. The ICs
feature a technique that simultaneously optimizes the RF and
IF stages surrounding the on-chip mixer.>* Il

Editor’s Note: This is an abbreviated version of the full article,
available with additional performance data, at mwrf.com.
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Product Trends

RUSSEL LINDSAY | Product Marketing Engineer, Anritsu
www.anritsu.com

Design, Spectrum
Challenges Create Different
View of Power Sensors

As higher frequencies become more common, power sensors must also provide the
necessary measurement capabilities for current and future applications.

ENGINEERS SELECT POWER sensors based on their specific
application and how the various sensor designs—thermal
or diode—fit their measurement needs. That evaluation
process is changing as more designs utilize higher frequen-
cies due to RF spectrum overcrowding, high-bandwidth
services, 5G backhaul, IEEE 802.11ad, WirelessHD, and
other technologies.

To understand where power sensor trends are going, it is
important to realize the pros and cons of each sensor type.
A thermocouple sensor has a very good linear relationship
between the changes in voltage and power, making it pos-
sible to achieve highly accurate power readings. Another
benefit is that the thermocouple elements typically have a
good resistance to electrostatic discharge
(ESD) or other transient burnout. Finally,
thermocouple detectors measure root- !
mean-square (RMS) power and are there-
fore modulation-independent. They will
provide accurate average power readings
of almost any signal type.

These accurate readings come with some drawbacks—
chief among them, much slower measurement speeds. They
also have rise times in the millisecond range, so they are not
suitable for measuring peak or pulse power. Thermocouple
sensors also have a higher noise floor, which limits the dynam-
ic range to only around —30 or —35 dBm to +20 dBm in typical
implementations.

Engineers who need to make true-RMS measurements
across a wider dynamic range often select diode sensors (Fig.
I). The measurement speed of diode sensors is limited by their
ability to process the data. With today’s sensors having better
processing technologies, diode sensors now feature measure-
ment speeds in the thousands and tens of thousands of read-
ings per second. They typically can measure power down to
—40 or =50 dBm.

70

RADIO RECEIVERS

To measure signals of lower power, many engineers will use
radio receivers (mostly in spectrum analyzers), which have
much lower noise compared to thermal or diode sensors.
These receivers can have noise floors well below =100 dBm, so
engineers will be able to find and measure many signals that
would never register on a thermal or diode sensor.

The major disadvantage is a high price tag. Most radio
receivers are only available in spectrum analyzers, so they are
usually restricted to the lab, which adds to the budget, and a
wider breadth of measurements is required. Radio receivers
also will not have the same amplitude accuracy as traditional
power meters, generally achieving around +2 dB.

1. Diode sensors are commonly

used to perform measurements.

HIGHER-FREQUENCY CHALLENGES

Just as the rollout of LTE and increasing use of modulated
signals factored in the power sensor’s evolution, so will cur-
rent designs at higher frequencies. At millimeter-wave bands,
power tends to fade due to propagation and transmission
losses. For most current power sensors, conducting accurate
power measurements at these higher frequencies and lower
power levels are problematic.
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POWER SENSORS

Turn Smart Power Sensors into Low-Cost RF Power Meters!

4000 i
qu

its-
RN SO

110 8O00MHz -45 to +20 dBm ff0m$745 ea.qty. (1-4)

Mini-Circuits’ smart RF power sensors turn aimost any Windows®  Our user-friendly GUI provides a full range of measurement tools
or Linux® based computer into a low-cost testing platform for all  including measurement averaging, time-scheduled measurements,
kinds of RF components and systems. To give you even more  multi-sensor support, and measurement applications supporting RF
capabilities, our lineup now features models for high-sensitivity — testing of couplers, filters, amplifiers and more! View data and
measurement of CW, multi-tone and modulated signals at levels  graphs on-screen or export to Excel® for reporting and data analysis.

as low as -45 dBm! All Mini-Circuits power sensors fit in your pocket and come

With 8 different models in stock offering USB and Ethernet  supplied with all the accessories you need for immediate use right
control options, measurement speeds as fast as 10 ms*, out of the box. Visit minicircuits.com and place your order today
dynamic range options from -45 to +20 dBm, and measurement  for delivery as soon as tomorrow.

capability for continuous wave and modulated signals, chances are, 0 RoHS compliant

we have a power sensor to meet your needs and fit your budget!

Model Power Frequency Dynamic Range Control Price $ea.
Measurement MHz (dBm) Interface (Qty1-4)

NE\N‘- PWR-6LRMS-RC True RMS 50 to 6000 -451t0 +10 USB &Ethernet  1595.00
NE\N‘- PWR-6LGHS [ 50 to 6000 -45 10 +10 USB 895.00
NE\N‘- PWR-6RMS-RC True RMS 50 to 6000 -35t0 +20 USB & Ethernet  1595.00
PWR-4RMS True RMS 50 to 4000 -35 to +20 USB 1169.00
PWR-2.5GHS-75 (75Q) CwW 0.1t0 2500 -30to +20 USB 795.00
PWR-4GHS CW 0.009 to 4000 -30to +20 USB 795.00
PWR-6GHS CwW 1 to 6000 -30 to +20 USB 745.00
PWR-8GHS CwW 1 to 8000 -30 to +20 USB 869.00
PWR-8GHS-RC CwW 1 to 8000 -30to +20 USB & Ethernet  969.00
PWR-8FS CwW 1 to 8000 -30 to +20 USB 969.00

*Measurement speed as fast as 10 ms for model PWR-8-FS. All other models as fast as 30 ms.

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

- |} . - ®
[ JMini-Circuits
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Sensors and Detectors

ith Power Master, a field technician can define the
frequency channel in which to measure power,
focusing on the signals of interest or identifying specific interference

in nearby channels.

Being able to measure power
down to alevel such as —90 dBm
will result in greater product/
system performance verifica-
tion of high-frequency devices
in production environments.
For example, chipmakers will
verify designs during research
and development using a
radio receiver or spectrum
analyzer to obtain measure-
ments down to —100 dBm.
These instruments are too
costly to use during manufac-
turing, which means power
sensors measuring down
to —40 dBm maximum are
used. New cost-effective
solutions are being developed that can
measure power down to —90 dBm while
conducting the necessary on/off measure-
ments associated with manufacturing.

FREQUENCY SELECTABILITY

When it comes to field testing, power sen-
sors that are not frequency-dependent and have
limited dynamic range are not as effective, owing to the
overcrowded RF spectrum where unintended signals such
as spurs, harmonics, and interference can impact power
readings. Power sensors that let users zero in on their signal
of interest enable measurements such as channel power,
adjacent channel power (ACP), and spur/harmonic sup-
pression to be conducted with greater efficiency and con-
fidence.

One example of this new wave of instrument is the
MA24507A Power Master millimeter-wave power ana-
lyzer from Anritsu (www.anritsu.com) (Fig. 2). Utilizing
Anritsu’s ShockLine nonlinear-transmission-line (NLTL)
technology, this USB-powered, frequency-selectable RF
power sensor combines a power measurement range of
—100 to +10 dBm with fast measurement speeds in a com-
pact, lightweight housing.

72

Power Hunter

Unlike thermal and
diode-based sensors,
Power Master also gives

users the ability to define
: the frequency of the sig-
nal to measure. For exam-
ple, when field testing
signal strength for wire-
less backhaul networks,
a diode or thermal power
sensor will not differenti-
ate the intended RF signal
from the other signals
present at the input,
which could poten-
tially spoil the mea-
surement.
With Power Mas-
ter, a field techni-
cian can define the

2. This power analyzer

covers a frequency range of
9 kHz to 70 GHz.

frequency channel
in which to measure power, focusing on the sig-
nals of interest or identifying specific interference in
nearby channels. In the lab, an engineer verifying RF cir-
cuit designs can use Power Master to troubleshoot unexpect-
ed signal behavior caused by a dirty local oscillator (LO), bad
components, or outside signal interference. With the ability
to measure power below —90 dBm, Power Master enables
more over-the-air (OTA) testing that would otherwise be dif-
ficult to do with a bulky spectrum analyzer or power meter
with limited power range.

CONCLUSION

The ability to conduct power measurements will become
increasingly important as more designs climb to high fre-
quencies to accommodate bandwidth. To address many
of these applications—including millimeter-wave designs,
IEEE 802.11ad, WirelessHD, and 5G backhaul—power sen-
sors will need to be able to efficiently conduct the necessary
tests at lower power levels. New design architectures will
continue to be developed to meet these needs. [l
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ERIC WESTBERG | NXP Semiconductors

[RF LDMOQOS Transistors

Power Smaller

Base Stations

These high-power transistors boast a 30%
savings in board space compared to their
LDMOS predecessors.

SMALLER IS OFTEN better, but miniaturizing circuits that
handle high power levels poses serious challenges for some
engineers, such as designers of RF/microwave power amplifiers
(PAs). Wireless service providers want better coverage for their
customers by way of smaller (yet more powerful) base stations.
Circuit designers are challenged, in turn, to create PAs with
increased performance, but smaller footprints, cost, and power
consumption than previous models.

Fortunately, advances at the device level, based on silicon
LDMOS semiconductor technology, along with enhanced
packaging and other improvements, make it possible to create
smaller and better PAs for the ever-smaller cells of wireless
communications networks.

Reducing operating expenses has always been one of the
most important challenges for wireless carriers, and it has
become increasingly important as large numbers of small cells
complement traditional macrocells, increasing their overall
infrastructure overhead. Consequently, carriers today must
consider every possible cost-reduction solution, including the
efficiency of all elements of the transmission path, and espe-
cially RF power transistors and amplifiers.

For example, increasing transistor and amplifier efficiency
reduces costs by requiring less current consumption to deliver
a specific RF output level. This can potentially reduce the num-
ber of transistors—and thus, board space devices—required to
achieve it.

The third generation of the Airfast LDMOS device family
(see figure) from NXP Semiconductors is tailored to meet this
challenge by providing high efficiency and gain when employed
in asymmetrical Doherty amplifiers. Compared to second-gen-
eration Airfast 2 devices, these newest power transistors deliver
as much as 4% higher efficiency (53% final-stage efficiency and
as much as 50% lineup efficiency). The devices also feature a
20% improvement in thermal performance, up to 90-MHz full-
signal bandwidth, and as much as 30% space savings compared
to earlier Airfast power transistors.

The first members of the third-generation Airfast LDMOS
RF power transistors collectively span 1,805 to 2,690 MHz,
making it possible to cover an entire cellular band with a single
device. They are also the first Airfast products to be housed in

GO TO MWRF.COM

The A3T18H360W23S Airfast 3 LDMOS RF power transistor delivers peak
RF output power of +55.9 dBm, gain of 17.5 dB, and PAE of 52% efficiency.

air-cavity plastic packages. These housings combine excellent
electrical performance with low thermal resistance for effective
dissipation of heat.

The initial third-generation device members include four
transistors covering a frequency range of 1,805 to 2,690 MHz in
bands with as much as 89 W output power. The lower-frequen-
cy devices, models A3T18H450W23S and A3T18H360W23S,
are suitable for use from 1,805 to 1,880 MHz, frequencies popu-
lar for Fourth-Generation (4G) Long Term Evolution (LTE) cel-
lular base-station deployment. The A3T18H450W23S delivers
89 W average output power with 17.2-dB gain and 51% power-
added efficiency (PAE). The A3T18H360W23S has average
output power of 56 W with 17.5-dB gain and 53% PAE.

One design goal in developing these new transistors was to
reduce the “solution size” resulting from the use of the device, or
the number of transistors required (in an amplifier) for specific
levels of output power, efficiency, and instantaneous bandwidth.
In the past, carriers could use only about 40 MHz of the full
frequency range of a device, but the new transistors make it
possible to cover their full signal bandwidth without sacrificing
efficiency and power.

Earlier cellular base-station amplifier solutions may have
required two or three transistors to achieve required perfor-
mance levels for a wide bandwidth, but this can now be accom-
plished with these smaller devices. The reduction in size, with-
out sacrificing power or thermal efficiency, was accomplished
through advances in packaging, the use of an envelope termina-
tion inside the package, changes to device design, and improve-
ments to internal package components. Till

NXP SEMICONDUCTORS, 1300 Alma School Rd., Chandler,
AZ 85224; www.nxp.com/RF.
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Widelband Signal Analyzer
Captures16 kHz to 26.5 GHz

For applications requiring long periods of wideband signal capture, this analyzer can
grab 800 MHz at a time—from audio frequencies through high microwave signals.

COMMUNICATIONS SIGNAL BANDWIDTHS are growing wider
with time, as users find needs for sending more voice, video,
and data through wired and wireless systems. On the military
side, radar and electronic-warfare (EW) systems also employ-
ing wider bandwidths. One of the challenges for system devel-
opers in these areas is to perform wideband signal capture,
often for long time periods, in search of transient events.

Fortunately, a test solution was recently introduced by
Tektronix (www.tek.com): the RSA7100A wideband signal
analyzer. It offers a standard real-time capture bandwidth
of 320 MHz, which can be optionally extended to as wide
as 800 MHz, across a wide frequency range of 16 kHz to
26.5 GHz. The analyzer, with its companion controller and
supporting software, is well-suited for wideband communi-
cations design, spectrum management,
and advanced radar and EW system
testing.

For those who don’t need the wide
frequency range, the RSA7100A also
comes in a version covering 16 kHz to

The controller enables real-time DPX operation with
simultaneous streaming of measured data to RAID (redun-
dant array of independent disks) memory. It runs on a Win-
dows-based OS, including generous RAM and removable
hard-disk storage for flexibility.

The broadband real-time analyzer employs a stable
10-MHz reference oscillator to deliver stable performance
and high-frequency accuracy. Included with the instrument
is a BNC connector for hooking up an external frequency

reference source. The single-sideband (SSB) phase noise with
the internal reference offers a quite respectable —128 dBc/Hz
offset 1 kHz from 1-GHz carrier, —134 dBc/Hz offset 10 kHz
from the same carrier, and —142 dBc/Hz offset 1 MHz from a
1-GHz carrier.

14 GHz, with the same options for real-
time analysis bandwidth. Both lower- and
higher-frequency versions tune
with 0.001-Hz resolution and are
available with a front-end pream-
plifier for increased signal sensitiv-
ity from 10 MHz to 3.6 GHz.

The RSA7100A operates both by
displaying measured spectrum in
real time and by analyzing data from
measurements taken over time. It is actu-
ally a measurement system (see figure), teamed
with the CTRL7100A controller specially designed
for the signal analyzer. Separating the analyzer from the
computing engine allows sophisticated signal record, play-
back, and graphical visualization of signal data.
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The RSA7100A wideband signal analyzer is available in versions

covering 16 kHz to either 14.0 or 26.5 GHz, with capture band-
widths as wide as 800 MHz.
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RF SWITCH

MATRICES

DC to 18GHz

INDICATOR LIGHTS

® Activated
® Non Activated

USB & Ethernet Control Options ... 2405.

¢ 0.25 dB Insertion Loss ¢ Extra-Long Switch Life e User-Friendly GUI and DLLs Included

* 85 dB Isolation Up to 100 Million Cycles™ » Compatible with Most Third Party Lab Softwaret
* 1.2 VSWR e Switch Cycle Counting Feature e Small size fits in your Laptop Case!

e up to 10W Power Handling with Automatic Calibration Alerts e Available from Stock

Visit minicircuits.com for detailed model specs, application notes, and more!
Place your order today for delivery as soon as tomorrow!

* Switches protected by US patents 5,272,458; 6,650,210; 6,414,577; 7,843,289; and additional patents pending.

T See data sheet for a full list of compatible software.
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Wideband Signal Analyzer

or those who don’t need the wide frequency range, the

RSAT100A also comes in a version covering 16 kHz to 14 GHz,
with the same options for real-time analysis bandwidth. Both lower-
and higher-frequency versions tune with 0.001-Hz resolution and are
available with a front-end preamplifier for increased signal sensitivity

from 10 MHz to 3.6 GHz.

The instrument’s well-matched input port exhibits VSWR
of less than 1.50:1 to 14 GHz and less than 1.70:1 to 26.5
GHz. As much as +30 dBm input power can safely be fed to
the input port. Furthermore, several attenuators are built
into the analyzer’s input signal path for controlling input
power levels.

Attenuation of 0 to 100 dB is available in 1-dB steps from
16 kHz to 3.6 GHz, and attenuation from 0 to 75 dB can be
set in 5-dB steps from 3.6 to 26.5 GHz. In addition, the ana-
lyzer’s front end includes a fixed lowpass filter and tunable
bandpass preselector filters for image rejection.

Reference levels can be set from —170 to +40 dBm in 0.1-
dB steps. For the frequency range of the input preamplifier
(10 MHz to 3.6 GHz), the amplitude accuracy (at +25°C) is
+0.13 dB without the preamplifier and +0.14 dB with the
preamplifier.

The typical displayed average noise level (DANL) with-
out the preamplifier is —156 dBm/Hz from 100 MHz to 1.7
GHz, —-154 dBm/Hz from 1.7 to 2.8 GHz, —-151 dBm/Hz
from 2.8 to 3.6 GHz, —156 dBm/Hz from 3.6 to 14 GHz,
—152 dBm/Hz from 14 to 24 GHz, and —150 dBm/Hz 24 to
26.5 GHz. With the preamp turned on, the typical DANL is
—-164 dBm/Hz from 50 MHz to 1.7 GHz and —162 dBm/Hz
from just beyond 1.7 to 3.6 GHz.

The RSA7100A offers advanced frequency- and time-
domain signal recording and playback capabilities and
functions with internal or external triggers. It can capture

real-time events as short as 700 ns in the frequency domain
and as short as 4 ns in the time domain, with +4-ns delay
uncertainty.

Triggering functions include Power Level within Span,
to look for signals at specific power levels, and Frequency
Mask triggering, when searching for signals within a cer-
tain frequency range. Power-based triggering can be per-
formed for levels from —170 to +30 dBm, with the level set
with 0.1-dB resolution.

The RSA7100A is a powerful measurement tool for any
users who are concerned about broadband measurements
or signal activity within a given environment. Together
with its controller, the analyzer is meant to operate with a
pair of the company’s software packages, DataVu-PC and
SignalVu-PC.

DataVu-PC provides the capability to mark events of
interest, export waveforms to other formats, and perform
pulse analysis and export the data into Pulse Descriptor
Word (PDW) file format for further analysis. SignalVu-PC
orchestrates real-time spectrum and vector signal analysis,
with a host of options for full-featured pulse analysis and
analysis of signals with 27 different modulation formats.
P&A: $135,000 and up. W

TEKTRONIX INC., 114150 SW Karl Braun Dr., P.O. Box 500,
Beaverton, OR 97077; (800) 833-9200, www.tek.com

NEW'! NEW! NEW!
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2M and 88-108MHz amplifier designs
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[Rolbust Switch Matrix Eases
Multichannel Testing

This rack-mountable, 20 X 6 nonblocking switch matrix provides the performance
and flexibility to speed and simplify connections to multiple test systems.

MODERN COMPONENTS AND subsystems—whether in com-
mercial or military applications—must often be tested for a
multitude of different characteristics, often requiring disparate
test systems to make the required measurements. This can be
done byloading a device under test (DUT) into a test fixture and
physically moving it from test system to test system.

However, there is an easier way: Use a switch matrix with the
capacity and performance to make the connections between the
DUT and the different test systems electronically, such as the
model ZT-20X6NB 20 x 6 nonblock-

The ZT-20X6NB creates bidirectional signal paths, with
an almost unlimited number of port-to-port combinations.
These can be set from the front panel or programmed using the
ActiveX and .NET APIs provided with the switch.

The front panel is well-organized, with RF/microwave inter-
connections made by means of Type-N female connectors that
are all accessible from the front panel. The connectors are orga-
nized into “A” and “B” ports. The six B ports can be connected
to any combination of the 20 A ports without compromising the

expected switch-matrix

ing switch matrix from Mini-
Circuits (www.minicircuits.
com). With a bandwidth of
600 to 6,000 MHz and enough
ports to connect a slew of test
instruments/systems at one
time, it even includes a front-
panel touchscreen for easy on-
the-spot control.

Better still, the ZT-20X6NB
boasts enough digital inter-
faces for connection to almost
any PC. This switch matrix has
been built to last, with excellent
long-term reliability and mini-
mal degradation in electrical performance.

For those who may have considered Mini-Circuits “only” a
supplier of cost-effective RF/microwave components, the ZT-
20X6NB (see figure) shows another side of the firm’s engineer-
ing capabilities. Housed in a solid aluminum 5U-high, 19-in.-
wide rack-mount chassis, this subsystem is designed to take on
the everyday punishment of high-volume measurements.

Removing the cover reveals a true high-frequency subsystem
design and layout, containing many of the company’s compo-
nents. Peering into the heart of the unit shows great attention
to detail regarding component placement, coaxial interconnec-
tions, and thermal management. The fan-cooled switch matrix
can handle input-signal power levels to several watts (+36 dBm)
to accommodate a wide range of communications components
and systems testing through 6 GHz.

GO TO MWRF.COM

The rack-mountable ZT-20X6NB 20 x 6 switch matrix, with a
frequency range of 600 to 6,000 MHz, covers the bulk of the

world’s telecommunications bands for programmable signal
routing in automated test applications.

performance characteris-

tics, such as isolation and
insertion loss.

In fact, all six A ports

can be combined to the

, same B port simultane-

ously, as might be done

for multiple-input, multi-

ple-output (MIMO) system

testing. The switch matrix has

both USB and Ethernet control

interfaces for remote control and

programmability via an external
PC with internet access.

In terms of performance, the
ZT-20X6NB switch matrix is rated for +36 dBm maximum
average power into any A port and +26 dBm maximum average
power into any B port. The typical return loss is 12 dB across
the full frequency range. Typical isolation is 80 dB between any
two A ports; 30 dB between any pair of B ports connected to the
same A port; and 80 dB for any pair of B ports when connected
to different A ports.

The ZT-20X6NB 20 x 6 switch matrix is a well-built signal-
routing solution for automated testing of multiple communica-
tions channels with a number of test systems. The unit measures
19.00 x 8.73 x 20.18 in. It is designed for 90- to 260-V ac, 47- to
63-Hz supplies. i

MINI-CIRCUITS, P.O. Box 350166, Brooklyn, NY 11235-003;
(718) 934-4500, www.minicircuits.com.
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System Sets Standards
for 1/f Noise Measurements

Accurate device noise models and noise-analysis performance start with on-wafer
measurements capable of capturing extremely low device noise currents.

NOISE IMPACTS HIGH-FREQUENCY systems in many ways,
such as transmission distortion and limiting receiver sensi-
tivity of low-level signals. But to accurately analyze noise via
modeling with SPICE and other software simulation pro-
grams, it must be measured.

The 9812DX wafer-level 1/f noise characterization system
from ProPlus Design Solutions Inc. (www.proplussolutions.
com) provides new insights into device-level noise with unpar-
alleled 1/f noise measurement speed, resolution, and accuracy.
Such wafer-level measurements are critical in various scenari-
os—for example, semiconductor foundries may seek to enhance
the noise performance of a semiconductor process, especially
as device geometries shrink to achieve higher-frequency and
higher-data-rate operation.

The 9812DX 1/f noise characterization system (see figure)
is actually an enhanced version of the company’s widely used
9812D 1/f noise measurement system. It features increased
resolution and measurement speed (as much as 10 times greater
speed and resolution compared to the older system) to accom-
modate the growing complexity and shrinking device geom-
etries of advanced integrated-circuit (IC) designs.

Of course, the new system isn't just for foundries: It can also
provide invaluable device data for foundry customers looking to
improve a process for lower noise levels. In addition, it can give
circuit designers more accurate device noise models for evaluat-
ing the performance and quality of a foundry process, and for
performing accurate noise analysis of their devices.

The noise-measurement system is suitable for process quality
monitoring, statistical noise analysis, and studying the effects
of process modifications on device and integrated-circuit (IC)
noise performance. It speeds and simplifies the collection of
device data at different bias points and various other operating
conditions, including across multiple die for fast statistical noise
data characterization.

The 9812DX offers a 10-MHz bandwidth, starting at 0.03
Hz for analysis of true wafer-level, low-frequency noise. It can
measure the noise of dc current as low as 0.1 nA and as high as
200 mA at bias levels up to 200 V. The improvement in noise
performance over the older system results in noise measurement
resolution of 1 x 107" A%/Hz.

The enhanced performance results from an improved
system architecture, with redesigned critical subsystem
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: characterization system
» provides new levels of speed, accu-
racy, and resolution for on-wafer active and

passive device noise measurements.

blocks and carefully selected system components. The test system
is designed with stable, high-performance components, includ-
ing a low-noise-voltage amplifier (LNA) with a frequency range
of 0.03 Hz to 10.0 MHz and 0.65-nV noise at 5 kHz. It also fea-
tures low-noise-current LNAs ranging from 0.03 Hz to 10 MHz,
and with various resolution and bandwidth options.

The 9812DX 1/f noise characterization system incorporates
programmable bias filters, and a large number of input/output
load resistors for different measurement setups. It also has built-
in electrostatic-discharge (ESD) protection for a device under
test (DUT), and a built-in GPIB card for controlling additional
programmable test instruments.

Another feature is its built-in dynamic signal analyzer (DSA)
with large on-board memory and multithreaded processing for
improved performance and reduced cost. This eliminates the
need for expensive external signal-processing equipment and
reduces upfront investment and risk.

Finally, the company supports the noise analysis with a num-
ber of highly effective modeling and simulation tools, including
NanoSpice—a generic parallel SPICE simulator for simulations
of extremely dense analog circuits with large numbers of active
and passive devices. il

ProPLUS DESIGN SOLUTIONS INC., 2025 Gateway PI.,
Ste. 130, San Jose, CA 95110; (408) 459-6129, www.proplus-
solutions.com.
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3x3mm MMIC

0.510 8GHz
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Rugged connectorized package
0.75x0.74 x 0.46"

LOW NOISE AMPLIFIERS

IN/OUT Termination Matched!

Low noise, high dynamic range, high output power, and flat gain from 0.5 to 8 GHz, all
in a single ampilifier! Mini-Circuits’ popular ultra-wideband LNAs are now available in both
a 3x3mm QFN for your PCB and a rugged connectorized package to facilitate your cable
assemblies. Both models are matched over the 0.5 to 8 GHz range*, making them a snap
to use for sensitive, high-dynamic-range receivers, instrumentation, defense systems, LTE,
WiFi, S-Band and C-Band radar, SatCom and more! They’re available off the shelf for a great
value, so visit minicircuits.com and place your order today for delivery as soon as tomorrow!

*See datasheet for suggested application circuit for PMA3-83LN+

TFlatness specified over 0.5 to 7 GHz
. ] - - ®
[ JMini-Circuits

FEATURES:

* Low Noise Figure,1.3dB

e High Gain, 21dB

o Excellent Gain Flatness,=0.7dB T
 High IP3, +35 dBm

¢ High POUT, +23.2dBm

www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
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Product Feature
CHRIS DeMARTINO | Technical Editor

NYU WIRELESS Drives
Next-Generation Technology

Students and faculty at NYU WIRELESS are fervently working to create the wireless

technology of the future.

THE NEW YORK UNIVERSITY (NYU) WIRELESS (http://
wireless.engineering.nyu.edu) academic research center in
Brooklyn, N.Y., is at the forefront of tomorrow’s wireless tech-
nology. Led by its founding director, Professor Ted Rappaport,
NYU WIRELESS is focused on next-generation 5G wireless
networks, with millimeter-wave technology being a major
research area. NYU WIRELESS combines NYU’s Tandon
School of Engineering, School of Medicine, and Courant
Institute of Mathematical Sciences. Among its 16 industrial
affiliates are Keysight Technologies (www.keysight.com) and
National Instruments (NI; www.ni.com).

Although the center is known for its 5G research, a conversa-
tion with Rappaport during a recent visit to the NYU WIRE-
LESS facility revealed that he is actually looking beyond that.
He said his goal is to have leaders of “where the market will
be” Looking into the future, Rappaport said he believes that
we will someday have true three-dimensional (3D) video. He
explained how NYU WIRELESS is investigating frequencies
above 100 GHz into the sub-terahertz region.

1. This photo shows the transmitter box used for channel-sounding

measurements.

80

2. Here, Professor Rappaport and students are gathered in the

channel-sounding lab.

The visit included a tour of two of the facility’s labs. The
first stop was the channel-sounding lab (Figs. I and 2). “We
have brought our equipment to locations in both Brooklyn
and Manhattan to do measurements in the urban environ-
ment,” said George MacCartney Jr., an engineering Ph.D. can-
didate. “We elevate the transmitter to a lamppost level, which is
expected for millimeter-wave access points in the future.

“Conducting measurements in different environments and
scenarios allows us to create an overall physical model,” he
continued. “Other people can then use our model instead of
having to go out into the field and conduct their own measure-
ments. We rotate the antennas along the azimuth and elevation
planes at many different angles in order to gain an omnidi-
rectional sense of the environment?” Interestingly enough, the
antennas can actually be positioned with a PlayStation 3 con-
troller, which is remotely controlled via LabVIEW.

In terms of future goals, MacCartney Jr. added, “We are
hoping that future measurement systems utilize phased arrays
that can electronically steer the beams. This will allow very fast
measurements to be performed.” Moreover, new students are
examining frequencies above 100 GHz.
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VCO's &'SYNTHESIZERS

THE INDUSTRY'S SOLID SOURCE

LIFETIME PRODUCT SUPPORT!
State-of-the-Art Design Capability. Thousands of Models In Stock.

Looking for replacement solutions for competitor VCOs & Synthesizers? ¢ \/COs from 3 to 7000 MHz
Whether you negd_ a §e09nq source for end-of-life pgrts or you're working on e Synthesizers from 56 to 7800 MHz
a new design, Mini-Circuits is here to support you with thousands of models ) ] )

in stock and decades of design experience. Our VCOs and synthesizers don't ~ ® Wide Variety of Coaxial and Surface

just give you industry-leading performance, world-class quality, and fast, easy Mount Packages
engineer-to-engineer application support whenever you need it. They also give e Over 5300 Catalog Models and
you the peace of mind that comes with our promise of reliable product supply Engineering Designs

through the lifetime of your system. e Over 175.000 Units in Stock!

e Custom Designs
in 3to 4 Weeks 422

Our engineers will work with you to find a solution from our extensive library of
existing designs or develop a custom design to meet your exact requirements.
Visit minicircuits.com to explore our catalog, or send your requirements to

apps@minicircuits.com today!
- - - - ®
[JMini-Circuits
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NYU WIRELESS

According to Rappaport, “Our equipment and our stu-
dents—past and present—proved that millimeter waves would
work. We went out to New York City and proved that you
don’t need to have line-of-sight (LOS) for millimeter-waves—
everyone thought you did. This was driven by our rotational
mechanical systems.

“We take the knowledge of the radio channel and put it into
software, which can be used by others,” he continued. “Over
5,000 people in engineering companies around the world are
using the NYUSIM channel simulator, which is freely down-
loadable (http://wireless.engineering.nyu.edu/5g-millimeter-
wave-channel-modeling-software)”

The NYUSIM channel simulator, an open-source 5G chan-
nel model simulator, is a result of measurements along with
5G millimeter-wave channel models that have been developed
from 2 to 73 GHz. NYUSIM can be used to generate spatial
and temporal wideband channel impulse responses.

The next stop of the tour was the lab that is investigating
phased arrays (Fig. 3). According to Aditya Dhananjay, a post-
doctoral research fellow, as well as the co-founder and presi-
dent of MilliLabs (www.millilabs.com), “One of the focal points
of our research is tunable millimeter-wave com-
munications. With millimeter-wave systems,
highly directional antenna beams are needed to
enable communication between a transmitter
and a receiver.

microwavesarf
DirectConnection

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

GaN Transistor GP2001
Demo Amp TB256

20-3000MHz

RF
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“In the lab, steering the beam in different directions can be
achieved by rotating mounted antennas,” he continued. “But in
reality, that’s not how you steer beams because they need to be
steered on the order of microseconds. Steering beams on the
order of microseconds requires phased arrays. We are one of
the only schools with access to a phased-array system in our
lab. We work with equipment from NI and Keysight.

“We also have millimeter-wave systems for data links,”
added Dhananjay. “This capability allows us to send real
data between a transmitter and a receiver instead of just
measuring wireless propagation. We have also developed
techniques to do phase-noise correction. At higher frequen-
cies, oscillators tend to behave far worse than oscillators at
lower frequencies. The techniques we have developed help
to overcome hardware imperfections. We are also building
millimeter-wave emulators.”

To summarize, NYU WIRELESS is clearly in the driver’s
seat when it comes to 5G and millimeter-wave research. We
can expect to see many more developments in the days ahead.
On that note, the next Brooklyn 5G Summit (http://b5gs.com)
will take place April 19-21,2017. I

3. This photo shows the phased-array system being used.
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Flexible Cables Test Tight Spots
from DC to 18 GHz

ini-Circuits’ ULC-2FT-

NMNM+ is an ultra-
flexible, 2-ft.-long test
cable with stainless-steel
male Type N connectors
for use from DC to 18 GHz.
It features rugged construction with strain relief for long operating
lifetime. The RoHS-compliant cable achieves 0.75-in. static bend
radius and 2.0-in. dynamic bend radius to accommodate challeng-
ing mating configurations. The test cable features excellent shield-
ing effectiveness (SE) through a triple-shielded design, with low in-
sertion loss of typically 0.7 dB from DC to 6 GHz and 1.6 dB to 18
GHz. The return loss is better than 17 dB across the full frequency
range and typically better than 25 dB. The test cable handles oper-
ating temperatures from -55 to +85°C.

Two-Way 0° Splitter/Combiner
Handles 10 to 40 GHz

ini-Circuits’ ZN2PD-

K44+ two-way 0°
splitter/combiner features
outstanding control of
amplitude from 10 to 40
GHz, with almost negligi-
ble amplitude unbalance
of 0.2 dB across the full frequency range. The coaxial splitter/com-
biner handles as much as 10 W power as a splitter (2 W as a com-
biner) with only 1.0 dB typical insertion loss (above the nominal
3-dB split point) to 40 GHz. Typical isolation between ports is 20
dB. The broadband splitter/combiner passes as much as 600 mA
(300 mA per port). Ideal for satellite and point-to-point microwave
radio links as well as in radar and test applications, the component
measures 3.5 x 2.0 x 0.5” with female 2.92-mm connectors.

SPA4T Switch Promises
Long Life to 18 GHz

M ini-Circuits’ MSP4TA-18-12D+
is a single-pole, four-throw
(SPAT) switch rated for 10 million
switching cycles (when switching
0.1 W RF power) and high reliability
from DC to 18 GHz. The absorptive,
50-Q fail-safe switch achieves inser-
tion loss of typically 0.15 dB or less from DC to 8 GHz and typically
0.5 dB from DC to 18 GHz. The isolation is typically 100 dB from
DC to 8 GHz and typically 80 dB from DC to 18 GHz. VSWR ranges
from typically 1.20:1 from DC to 8 GHz and typically 1.30:1 from
DC to 18 GHz. The switch, in a break-before-make configuration, is
supplied with SMA RF connectors and 9-pin D-sub connectors. It
provides reliable “sleep-time” switching, with typical switching time
of 20 ms with +12 V control signals.

GO TO MWRF.COM

The latest product information presented by

= Mini-Circuits

www.minicircuits.com

Coaxial Adapter Mates
40-GHz 2.92-mm Connectors

ini-Circuits’ KF-KM50+

40-GHz coaxial adapter
joins 2.92-mm female to
2.92-mm male coaxial
connectors with minimal
added loss from DC to 40
GHz and minimal impact
on amplitude and phase
response with frequency.
The insertion loss is typically 0.09 dB from DC to 40 GHz. The
VSWR is typically 1.03:1 from DC to 18 GHz and typically 1.04:1
from DC to 40 GHz. The RoHS-compliant, 50-Q) adapter features a
passivated stainless-steel body and is qualified to 500 mating cy-
cles. It is suitable for operating temperatures from -55 to +100°C.
The low-cost adapter is available from stock.

Low-Noise Amplifier
Quiets 0.5 to 12.0 GHz

ini-Circuits’ PMA2-

123LN+is a
wideband, monolithic
low-noise amplifier
(LNA) with low noise, high gain, and high linearity from 0.5 to 12.0
GHz. Based on GaAs pHEMT technology, the MMIC amplifier offers
noise figure of typically 3.5 dB at 0.5 GHz, 2.2 dB at 2.0 GHz, and
3.1 dB at 12 GHz. It provides gain of typically 18.6 dB at 0.5 GHz,
19.2 dB at 2.0 GHz, and 15.3 dB at 12.0 GHz. The output power
at 1-dB compression (P1dB) is typically +15.2 dBm at 0.5 GHz,
+15.3 dBm at 2.0 GHz, and +14.0 dBm at 12.0 GHz, while the
output third-order intercept point (OIP3) is typically +27.4 dBm at
0.5 GHz, +28.0 dBm at 2.0 GHz, and +26.3 dBm at 12.0 GHz. The
LNA typically draws 68 mA current from a +6-Vdc supply and is
supplied in a 2 x 2 mm RoHS-compliant surface-mount housing.

Cavity Filter Passes
11.2 to 11.4 GHz

ini-Circuits’ ZVBP-11G3+ cavity
bandpass filter features low inser-
tion loss of typically 2 dB throughout
a 200-MHz passband from 11.2 to
11.4 GHz, with low VSWR of typically
1.40:1 through the same passband.
It offers 48-dB rejection of unwanted
signals throughout a lower stopband
of DC to 11.03 GHz and an upper
stopband of 11.58 to 20.00 GHz. Suitable for satellite communi-
cations (satcom) and radar systems, the cavity filter achieves sharp
transitions from passband to stopbands. The RoHS-compliant
bandpass filter is rated for 10 W maximum RF input power at oper-
ating temperatures from -40 to +85°C. It is supplied in a compact
housing with female SMA connectors.
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New Products

Four-Channel Attenuator Programs 0 to 95 dB to 6 GHz

THE RC4DAT-6G-95 programmable attenuator provides 0- to 95-dB attenuation
with 0.25-dB resolution in four independent channels at frequencies from
1 to 6,000 MHz. Suitable for automatic test applications and fading
simulators, the aftenuator includes USB and Ethernet control ports in
a compact shielded metal case measuring just 5.17 x 3.00 x 0.85 in. '[
with female SMA connectors. It achieves 650-ns atfenuation fransition

fime with typical attenuation accuracy of +0.4 dB.The plug-and-play
attenuator does not require software drivers and is supplied with easy-fo-install
and use graphical-user-interface (GUI) software.

MINI-CIRCUITS, PO. Box 350166, Brooklyn, NY 11235-003; (718) 934-4500;
www.minicircuits.com

PAs Boost E- and W-Band Signals

POWER AMPLIFIERS (PAs) based on gallium-nitride (GaN) power fransistors
provide healthy output-power and efficiency levels at E- and W-band frequen-
cies.These PAs deliver as much as 1 W output power for single-stage designs
and as much as 2.5 W saturated output power for two- and four-stage ampli-
fiers.The PAs offer as much as 20% power-added efficiency (PAE) and typical
gain ranging from 15 to 40 dB.The amplifiers, which include internal voltage
regulation, bias-sequencing circuitry, and reverse-voltage protection, are
well-suited for high-frequency radios and test-equipment applications. As an
example of an E-band PA, model AMP-12-20010 achieves 15-dB typical gain
from 71 to 76 GHz with typical output power of +28.6 dBm at 1-dB compres-
sion and typical safurated oufput power of +31.1 dBm. It is equipped with

WR-12 waveguide connectors.
MILLITECH INC., 29 Industrial Dr. E., Northampton, MA 01060; (413) 582-9620;
www.millitech.com

Cable Assemblies Work Indoors

and Out to 6 GHz

A LINE OF TYPE-N-TO-AMC fixed-length

cable assembilies is suited for connec-

'\\fions o wireless devices in indoor

% and outdoor applications,

such as automated meter

readers.The cable assembles

are usable from dc to 6 GHz

and are constructed with Type-N

: bulkhead jacks and AMC right-angle

plugs terminated to RG-178 cable.The Type-N connectors

feature white-bronze-plated bodies with gold-plated contacts.

: Bulkheads are suitable for panels to 6.5 mm thick and include

O-ring protection from moisture.The AMC connectors mate

with other industry-standard equivalent connectors. Standard

cable assemblies lengths are from 50 fo 300 mm, in 50-mm

: increments; custom lengths are also available.

RADITEK

R2PD-2-18-Sf-10W-w18

Two-Way Divider Channels 2 to 18 GHz
DESIGNED FOR BROADBAND USE, model R2PD-2-18-
SF10W-w18 is a two-way power divider with low loss
from 2 fo 18 GHz. It exhibits 1.5-dB typical insertion
loss with 14-dB typical return loss across the full
frequency range.The power divider features 16-dB
minimum isolation and 20-dB maximum isolation
and achieves amplitude balance within 0.2 dB and
phase balance within 2 deg.The component is
supplied with female SMA input and output coaxial
connectors and is usable over operating tempera-

. AMPHENOL RF (HEADQUARTERS), 4 Old Newtown Rd., : fures from ~40 fo +85°C.
: Danbury, CT 06810; (800) 627-7100, (203) 743-9272; :  RADITEKINC.,, 1702L Meridian Ave. Suite 27, San Jose,
: www.amphenolrf.com 1 CA95125; (408) 266-7404; raditek.com

84 JANUARY 2017 MICROWAVES & RF


http://www.minicircuits.com
http://www.millitech.com
http://www.amphenolrf.com
http://raditek.com

SPDT Switch Commands Signals from 0.1 to 20.0 GHz
BROADBAND SINGLE-POLE, double-throw (SPDT) absorptive switch model SW2A101 is capable of hot switching 2 W
continuous-wave (CW) power from 100 MHz to 20 GHz with low loss and fast switching speed. Supplied in a coaxial
package with female SMA connectors, the compact switch exhibits
maximum VSWR of 1.80:1 at all ports.The insertion loss is 1.50 dB or less to
500 MHz and 3.8 dB or less to 20 GHz.The minimum isolation is 70 dB from
port fo port or from input to output.The switch achieves switching speeds
of 75 ns from 50% TTL control signal to 90% RF level and 45 ns from 50% TTL
control signal to 10% RF signal. It operates on +5V dc and -120to -20V dc
supplies, and is designed to maintain rated performance levels at fem-
peratures from -55 to +85°C.

AMPLICAL CORP., 20 Troy Rd., Whippany, NJ 07981; (973) 386-1119;
www.noisewave.com, www.amplical.com

: Broadband Aitenuator Handles 4 to 18 GHz § Cavity Filter Passes 4,395 to 4,955 MHz
SUITABLE FOR EXTREMELY BROADBAND system and test ap- : CAVITY BANDPASS FILTER (BPF) model AB4675B1348
plications, model 5-9844-15 is a rugged coaxial atfenuator operates with a 560-MHz passband centered at 4,675
with 15-dB attenuation from 4 to 18 GHz. It handles power MHz. It handles signal power levels as high as 450 W
levels to 5 W confinuous wave (CW) and 3 kW peak power with low passband insertion loss of 1.5 dB or less.The
with low insertion loss of only 1 dB across the frequency passband VSWR is 1.50:1 or less.The BPF delivers out-

¢ range. It exhibits a VSWR of 1.70:1.The compact compo- i ! ofband aftenuation of better than 40 dB at 4,100 MHz
i nent measures just 2.5 x 2.0 x 0.56 in., weighs 3 oz, and ¢ © and at 5,250 MHz.The robust filter measures 5.73 x 1.50
can be supplied with SMA or Type-N female connectors. It x 0.99 in. and is equipped with female SMA connectors.
is available with a number of options, including a panel- It has an operating femperature range of -30 fo +75°C.
mount configuration, turn counter, and digital readout. ANATECH ELECTRONICS INC., 70 Outwater Ln.,

. ARRA INC., 15 Harold Ct., Bay Shore, NY 11706-2296; : 1 Garfield, NJ 07026; (973) 772-4242;

¢ (516) 231-8400; www.arra.com 1 www.anatechelectronics.com

Low-Jitter Oscillators Lock Networks to 2.1 GHz

A PAIR of lowjitter oscillators, models NP5032S and NP7050S, provide similar per-
formance levels from 15 MHz fo 2.1 GHz, but are supplied in different packages.
Suitable for high-speed networking applications, such as SDH and SONET, the
NP5032S is housed in an 8-pin ceramic SMD package measuring 5.0 x 3.2 x1.2
mm.The NP7050S comes in a surface-mount package measuring 7.0 x 5.0 x1.6
mm. With output types of CMOS, LVPECL, LVDS, CML, and HCSL to choose from,
the oscillators achieve typical jitter of 130 fs RMS.The operating temperature
range is 40 to +85°C.

NDK AMERICA, 425 N. Martingale Rd., Ste. 1330, Schaumburg, IL 60173;

(847) 852-4165; www.ndk.com

: GaN Power Amplifier Pulses 9.0 to 9.9 GHz

BUILT FOR X-BAND radar systems as well as other high-power applications,
model BMPC9X89X8-8000 is a solid-state power amplifier (PA) capable of
8 kW peak output power from 9.0 fo 9.9 GHz.The PA, which is based on

: galliummnitride (GaN) semiconductor technology, works over instanta-
neous bandwidths as wide as 500 MHz with 69-dB nominal gain and less
than 1-dB pulse droop.The pulse rise/fall time is typically 50 ns.The rugged
: amplifier handles signals with pulse widths from 0.25 to 100 us at 10% maxi-
mum duty cycle. It includes an Ethernet control port and built-in thermall
and load protfection.

COMTECH PST, 105 Baylis Rd., Melville, NY 11747; (631) 777-8900;
www.comtechpst.com
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New Products

SPDT PIN Diode Switch Commands 0.1 o 67.0 GHz
DESIGNED FOR BROADBAND applications, the FMSW2026 single-
pole, double-throw (SPDT) PIN diode absorptive switch spans 100
MHz to 67 GHz. It handles input power to 0.5 W continuous wave
(CW) with 6-dB typical insertion loss. The switch achieves 65-dB
typical isolation and boasts 100-ns switching speed. It has a TTL-
compatible driver and features an operating-temperature range
of =30 to +60°C. It runs on +5 and -5V dc, and includes 1.85-mm
coaxial connectors.

FAIRVIEW MICROWAVE, 17792 Fitch, Irvine, CA 92614; (978) 682-6936;
www.fairviewmicrowave.com

Paich Antennas Direct Body-Worn Systems

DIRECTIONAL PATCH ANTENNAS developed by Southwest Antennas for body-worn
wireless applications from 1,350 to 1,390 MHz are now available with sales and design
support from RFMW, Ltd. Model 1065-031 operates with left-hand circular polariza-

fion (LHCP), while model 1065-032 has right-hand circular polarization (RHCP).The
antennas are optimized for multiple-input, multiple-output (MIMO) use and mobile ad
hoc network (MANET) radio systems.The antennas, which measure 3.75 x 3.75 x 0.51
in., are specified for 4.2-dBic free-space gain.They are supplied with a stainless-steel
female SMA connector and ultraviolet (UV)-stable radome, and can withstand two
hours’ immersion in salt water.

RFMW LTD. (SOUTHWEST ANTENNA STOCKING DISTRIBUTOR), 188 Martinvale Ln.,
San Jose, CA 95119; (408) 414-1450; www.rfmw.com

Highpass Filter Cuts Off at 57 GHz

HIGHPASS FILTER MODEL HPF-640 is part of a complete
filter series covering bandwidth from 10 to 110 GHz.
This unit passes signals within the V-band spectrum

as low as 57 GHz with worst-case passband insertion
loss of 1.5 dB and typical passband insertion loss of
1.0 dB. It features a rejection cutoff at 57 GHz with 20-

dB rejection at 55 GHz and 40-dB rejection at 54 GHz
‘H and below.The highpass filter is supplied with WR-15
- waveguide connectors.
SPACEK LABS INC., 212 E. Gutierrez St., Santa Barbara,

Schottky Diodes Reach 40 GHz : CA 93101; (805) 564-4404; www.spaceklabs.com
A SERIES OF SILICON Schottky diodes supports circuifs
through 40 GHz.They boast low 1/f noise, low resistance,
and smalll junction capacitance for low-, medium-, and
high-barrier applications.The diodes, which can be supplied
as chips—or else in glass, ceramic, or beam-ead pack-
ages—are candidates for RF/microwave mixers, doublers,
and detector circuits. The diodes are rated for breakdown
voltages from +3 V dc (for low-barrier diodes) to +6 V dc (for
high-barrier diodes), capacitances from 0.15 to 0.35 pF and
series resistances from 14 to 20 Q. Diodes in bridge quad
and ring quad configurations provide stable performance
across operating temperatures from -55 to +150°C.

SEMIGEN INC., 3920 Candia Rd., Manchester, NH 03109;
(603) 624-8311; www.Semigen.net
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Ultra-Wideband
10 MHz to 13 GHz

Power Handling
up to 2W

Prog rammahle

A TTENU/I TORS

010120dB 0.250BStep 1MHzto 13GHz* 1005399

Features Perfect for...
¢ Models with attenuation range up to 30, 60, 63, 90, 95, 110 or 120 dB e Fading simulators
e Choose from USB, Ethernet, RS232 and SPI control options ¢ Handover system evaluation
e Use our software or yours! User-friendly GUI and DLLs included t e Automated test equipment
* Sweep or hop attenuation levels e And MORE!

e Save and recall customized attenuation patterns
o Pocket-sized package, as small as 3.0 x 2.0 x 0.6”
¢ Now 16 unique models in stock, ready to ship!

*Specs may vary by model. See data sheets for specific model information.
T No drivers required. DLL objects for 32/64 bit Windows® environments using ActiveX® and .NET® frameworks.

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!

- L} - L} ®
[ JMini-Circuits
www.minicircuits.com P.O. Box 350166, Brooklyn, NY 11235-0003 (718) 934-4500 sales@minicircuits.com
523 RevL
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We’ve kept these ARRA Attenuators
under our hat long enough...

The “no-nonsense” attenuator. ..
For Audio, IF, and VHF.
Simple, straight forward, no frills. Not bad
when this economy model performs in the
same classy manner as other ARRA high
precision units.

e SMA connectors, others available

e Off-the-shelf delivery

¢ 50 ohm impedance, 75 ohms available

e Specs that beat the competition’s

Directly calibrated models

Freq Range Atten Atten vs
(MHz) Range (dB) | Freq(dB) Madel No.
DC-60 10 L1.0 0682-10F
DC-100 15 0.3 0652-15F
DC-100 30 £0.5 0652 30F
DC-250 10 H0.5 06S2-10F
Uncalibrated models
DC-60 10 C1L0 068210
DC-100 20 0.6 0652-20
DC-100 30 £0.5 0652-30
DC-200 30 +2.0 0652-30A
DC-250 15 +1.2 0652-15
DC-500 10 0,25 0682-10

Visit our website at www.arra.com

9 s { Phaseless
Variable
Attenuators

The “incredible” attenuator...
Elegant, classic, exceptional. With all the
extras you’d expect at the top of the ARRA
line. So uniquely new in its approach,
it’s one of a kind. Nothing else like it on the
market. It’s got everything...

e Low phase

e High RF Power

e Low VSWR & Insertion loss

e Extremely flat frequency response
¢ (0-3 dB & high attenuation models
e Bands from 350-5000 MHz

..« the last word in variable attenuators

" ARRA.._

15 Harold Court » Bay Shore NY 11706-2296

Tel 631-231-8400

Fax 631-434-1116

E-Mail: sales@arra.com


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