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5 Ways CMT Compact VNAs Work for You

1. Highly accurate measurements.

2. Affordable metrology-grade VNAs.

3. Compatible with Windows® and Linux® OS.

4. Excellent support for applications and automation.

5. Years of engineering expertise at your disposal.
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Compact Vector Network Analyzers

e Measurement Speed: 16 ps

* Dynamic Range: 140 dB, typ.

e Qutput Power: -45 dBmto 15 dBm

Frequency Range: 300 kHz to 9 GHz

Frequency Range: 300 kHz to 6.5 GHz

www.coppermountaintech.com
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10MHz Rubidium Frequency Standard

«5MHz and 10 MHz outputs The FS725 Benchtop Rubidium Frequency
Standard is ideal for metrology labs, R&D
- Ultra-low phase noise facilities, or anywhere a precision frequency
p
(<-130dBc/Hz at 10Hz) standard is required.
- 0.005ppm aging over 20 years It has excellent aging characteristics, extremely
. . . low phase noise, and outstanding reliability.
- Built-in distribution amplifier A 1pps input is provided for phase-locking to
(up to 22 outputs) GPS, providing Stratum 1 performance.
- 1pps input and output With a built-in 5MHz and 10 MHz distribution

amplifier, the FS725 is the ultimate laboratory
frequency standard.

FS725... $2995 (u.s.list)
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S RS Stanford Research Systems Phone: (408)744-9040

www.thinkSRS.com
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NIAWR Design Environment software provides a seamless platform for

developing next-generation wireless electronics and communications
systems, from concept to product. Its powerful interface, integrated
- system, circuit, and electromagnetic simulation technologies, and

design flow automation ensures your design success.

Visit awr.com/smarterdesign to learn more.
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5G: How Much is Real vs. Marketing?
Is 5G ready for prime time? Breaking down the marketing hype

versus what's really going on in the industry.

Where Does 5G Conformance Testing Stand in 2020?
The 5G test cases presented here encompass RF characteristics,
radio resource management (RRM), and protocol suites that work at
the chipset, device, and base-station levels on sub-6-GHz and
mmWave frequencies in both lab and field environments.

Connecting the Future: Three Wireless Trends on the
2020 Horizon

We expect even more wireless innovations to come into play in 2020
and beyond as wireless indoor tracking technologies, the next-gen
Wi-Fi 6 standard, and LPWAN protocols reach the mainstream.

More than Microchips—How the Semiconductor
Industry Keeps Evolving

A look at how the chip industry is ushering in a new era of tech-driven
economic growth.

The Gen5 Revolution

The move to 400-GbE speeds to meet 5G demands, supported by
next-gen computing standards like DDR5, PCle 5.0, CCIX, and others,
creates test challenges. To keep pace, compliant software is needed.

Analysis of a 24- to 30-GHz Phased Array for 5G
Applications (Part 2)

Wrapping up this two-part series examining 5G phased-array
platform/wizard development, the focus turns to the design and
evaluation of a broadband planar array.

A New Approach to Over-the-Air Production Test
Noise sources and peak power meters are the key ingredients in a
novel over-the-air test methodology that's faster and more cost-
effective than current techniques.

EMI Suppression Shields: Understanding the Basics

With so many different magnetic materials to choose from, one must
discern the frequencies and noise levels where EMI problems are
prevalent and deduce how the materials’ parameters can impact noise
suppression to comply with regulatory limits.
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MICROWAVE SYSTEMS

An Amphenol Company

WE CAN CUSTOMIZE THE
PERFECT INTERCONNECT
SOLUTION FOR YOUR NEEDS.

HIGH FREQUENCY

Phase Critical applications demand minimal phase change
over temperature. Our PhaseTrack® is designed with

a proprietary TF4™ dielectric for superior stability for
frequencies up to 50GHz

LOW LOSS

MaxGain® assemblies offer low loss and stability from DC to
50GHz frequencies. This lightweight option is easy to install
and the perfect fit for 5G and military applications.

LOW PIM

Designed for low frequencies, the TCOM family of cables
features a -155 dBc intermodulation distortion. These cables
are very flexible and perfect for field deployable applications.

RF COVERAGE FOR ENCLOSED AREAS

T-Rad®-400 leaky feeder cables are lightweight, lower cost and
easy to install non-kinking options for RF coverage in enclosed
areas.

Do you have a challenging application? Let us help!
www.timesmicrowave.com techquestions@timesmicro.com
1-800 867-2629


http://www.timesmicrowave.com
mailto:techquestions@timesmicro.com

Editorial
WILLAM WONG | Senior Technology Editor

What's on
Tap for

Wireless In
20207

number of technological forces are driving wireless advances, from

video streaming to IoT to automotive advanced driver-assistance

systems (ADAS). They’re pushing the limits of bandwidth and

coverage with a host of solutions emerging, but challenges remain
from testing and deployment to spectrum allocation.

The FCC’s recent reduction in bandwidth available for dedicated short-range
communications (DSRC) used in ADAS systems is just one change that can sig-
nificantly affect the adoption and deployment of new technologies. The rise of 5G
NR and this bandwidth revision could ultimately impact how V2X transportation
technology is applied.

5G promises to improve both video-streaming support and low-bandwidth IoT
deployment, but much of this is still in the future even as 5G deployment escalates.
This leaves plenty of opportunity for Long Term Evolution machine-type communi-
cations (LTE-M) and Narrowband [oT (NB-IoT), as well as much of its competition
in the unlicensed spectrum like LoORaWAN and Sigfox.

Local wireless-networking options in the unlicensed spectrum space continue
to grow and improve, including protocols like Bluetooth, Zigbee, and 802.15.4. In
particular, Bluetooth mesh is becoming a standard worth examining.

Wi-Fi’s expansion is widening with Wi-Fi 5 (802.11ac) shipping in bulk and Wi-
Fi 6 (802.11ax) on the horizon. It and other wireless standards need to meet the
demand for more bandwidth, and that means support for 4K video.

Wireless communication is just one of the many topics that will be covered by
Microwaves and RF in 2020. The latest in other application areas, especially test &
measurement and RE will continue to be fixtures of our publication. On top of that,
2020 is shaping up to be full of new hardware deliveries across the board, with plenty
of platforms for developers to choose from. [l

GO TO MWRF.COM

HIGH POWER LIMITERS
LOW FREQUENCY BROAD BAND

100 WATT CW
10MHz - 3000 MHz

. Frequency range down to very low
frequency (10 MHz).

. Available single unit covering
10 Mhz to 3 GHz (LS00130P100A).

. Low insertion loss and VSWR.

. 100 Watt CW and 1000 Watt Peak
(1 Microsec pulse width ) power
handling capability.

« Built-in DC Block @ input and output.

. Hermetically Sealed Module.

Typical Performance @ + 25 Deg. C

Freq Max' =3 Max’
Model Range’ | Insertion it Input CW
(MHz) | Loss (dB) (Watts)

LS00105P100A | 10-500 04 131 100

LS00110P100A | 10-1000 0.6 151 100

LS00120P100A | 10- 2000 0.8 171 100

LS00130P1004 | 10-3000 10 21 100

Note 1. Insertion Loss and VSWR
tested at -10 dBm.

Note 2. Power rating derated to
20% @ +125 Deg. C.

Note 3. Leakage slightly higher at
frequencies below 100 MHz.

Other Products: Detectors, Amplifiers,
Switches, Comb Generators,
Impulse Generators, Multipliers,
Integrated Subassemblies

Please call for Detailed Brochures

l Herotek l



http://mwrf.com
mailto:info@herotek.com
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PIN DIODE
CONTROL DEVICES
PIN DIODE

ATTENUATORS

+ 0.1-20GHz

« Broad & narrow band
models

« Wide dynamic range
= Custom designs

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 )

o

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. 1

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

Microwaves&RF JANUARY 2020

EDITORIAL
SENIOR CONTENT DIRECTOR: BILL WONG  bill.wong@informa.com

SENIOR STAFF WRITER: JAMES MORRA jomes.morra@informa.com
TECHNICAL EDITOR: JACK BROWNE jack.browne@citadeleng.com
ASSOCIATE EDITOR/COMMUNITY MANAGER: ROGER ENGELKE roger.engelke@informa.com

ART DEPARTMENT

GROUP DESIGN DIRECTOR: ANTHONY VITOLO tony.vitolo@informa.com
CONTENT DESIGN SPECIALIST: JOCELYN HARTZOG jocelyn.hartzog@informa.com

PRODUCTION

VICE PRESIDENT, PRODUCTION OPERATIONS: CURT PORDES  cpordes@endeavorb2b.com
GROUP PRODUCTION MANAGER: GREG ARAUJO greg.araujo@informa.com

AUDIENCE MARKETING

USER MARKETING MANAGER: DEBBIE BRADY  debbie.brady@informa.com

FREE SUBSCRIPTION / STATUS OF SUBSCRIPTION / ADDRESS CHANGE/ MISSING BACK ISSUES:
OMEDA T|847.559.7598 TOLL FREE | 877.382.9187 FAX | 847.564.9453

SALES & MARKETING

VICE PRESIDENT, DESIGN & ENGINEERING: TRACY SMITH T|913.967.1324 F|913.514.6881 tracy.smith@informa.com
REGIONAL SALES REPRESENTATIVES:

AZ,NM,TX: GREGORY MONTGOMERY T |480.254.5540 gregory.montgomery@informa.com

AK, NORTHERN CA, NV, OR, WA, WESTERN CANADA: STUART BOWEN T |425.681.4395 stuart.bowen@informa.com

AL, AR, SOUTHERN CA, CO, FL, GA, HI, IA, D, IL, IN, KS, KY, LA, MI, MN, MO, MS, MT, NC, ND, NE, OH, OK, SC, SD, TN, UT, VA, WI, WV, WY,
CENTRAL CANADA: JAMIE ALLEN T415.608.1959 F|913.514.3667 jamie.allen@informa.com

CT, DE, MA, MD, ME, NH, NJ, NY, PA, RI, VT, EASTERN CANADA:
ELIZABETH ELDRIDGE T1|917.789.3012 elizabeth.eldridge@informa.com

INTERNATIONAL SALES:

GERMANY, AUSTRIA, SWITZERLAND: CHRISTIAN HOELSCHER T1011.49.89.95002778 christian.hoelscher@husonmedia.com
BELGIUM, NETHERLANDS, LUXEMBURG, UNITED KINGDOM, SCANDINAVIA, FRANCE, SPAIN, PORTUGAL:

JAMES RHOADES-BROWN 1| +011 44 1932 564999 M | +011 44 1932 564998 james.rhoadeshrown@husonmedia.co.uk
ITALY: DIEGO CASIRAGHI diego@casiraghi-adv.com

PAN-ASIA: HELEN LAI 71886 2-2727 7799 helen@twoway-com.com

PAN-ASIA: CHARLES LIU 71886 22727 7799 liu@woway-com.com

REPRINTS: WRIGHT'S MEDIA T1877.652.5295

LIST RENTALS/ SMARTREACH CLIENT SERVICES MANAGER: MARY RALICKI T1|212.204.4284 mary.ralicki@informa.com

DIGITAL
GROUP DIGITAL DIRECTOR: RYAN MALEC ryan.malec@informa.com

DESIGN ENGINEERING & SOURCING GROUP
VICE PRESIDENT, DESIGN & ENGINEERING: TRACY SMITH T|913.967.1324 F|913.514.6881 tracy.smith@informa.com
VICE PRESIDENT OF MARKETING SOLUTIONS: JACQUIE NIEMIEC jacquie.niemiec@informa.com

ENDEAVOR BUSINESS MEDIA, LLC
PO BOX 3257, NORTHBROOK, IL 60065-9764 USA | www.endeavorbusinessmedia.com

FENDEAVOR

CEO: CHRIS FERRELL
COO: PATRICK RAINS
CMO: JUNE GRIFFIN

CRO: SCOTT BIEDA

CTO: ERIC KAMMERZELT

VP, ACCOUNTING: ANGELA MITCHELL

VP, FINANCE: JESSICA KLUG VP, DIGITAL BUSINESS DEVELOPMENT. MONIQUE LEIJA
VP, PRODUCTION OPERATIONS: CURT PORDES EVP, SPECIAL PROJECTS: KRISTINE RUSSELL

EVP, GROUP PUBLISHER - DESIGN ENGINEERING AND POWER, UTILITIES & BUILDINGS: REGGIE LAWRENCE

CHIEF ADMINISTRATIVE AND LEGAL OFFICER: TRACY KANE

Electronic Design | Machine Design | Microwaves & RF | Source ESB | Hydraulics & Pneumatics |
Global Purchasing | Distribution Resource | Power Electronics | Defense Electronics

JANUARY 2020 MICROWAVES & RF


mailto:bill.wong@informa.com
mailto:james.morra@informa.com
mailto:jack.browne@citadeleng.com
mailto:roger.engelke@informa.com
mailto:tony.vitolo@informa.com
mailto:jocelyn.hartzog@informa.com
mailto:cpordes@endeavorb2b.com
mailto:greg.araujo@informa.com
mailto:debbie.brady@informa.com
mailto:tracy.smith@informa.com
mailto:gregory.montgomery@informa.com
mailto:stuart.bowen@informa.com
mailto:jamie.allen@informa.com
mailto:elizabeth.eldridge@informa.com
mailto:christian.hoelscher@husonmedia.com
mailto:james.rhoadesbrown@husonmedia.co.uk
mailto:diego@casiraghi-adv.com
mailto:helen@twoway-com.com
mailto:liu@twoway-com.com
mailto:mary.ralicki@informa.com
mailto:ryan.malec@informa.com
mailto:tracy.smith@informa.com
mailto:jacquie.niemiec@informa.com
http://www.endeavorbusinessmedia.com
http://wavelineinc.com

’_'J]'J‘]\,f and $uikAssamiiss
0 2uery AJJJJ ZilF—=

2 ivery from Stock to 2 Weeks ARO from the cataleg or built to your speclflcatlons'

Competitive Pricing & Fast Delivery

‘e Military Reliability & Qualification

¢ Various Options: Temperature Compensation,
Input Limiter Protection, Detectors/TTL & More

¢ Unconditionally Stable (100% tested) =

OCTAVE BAND LOW NOISE AMPLIFIERS

and AS91008
CERTIFIED

Model No. Freq 6Hz)  Gain (@) MIN  Noise Figure B)  Power-out@pid8 3rd Order ICP VSWR
CA0T-2110 0.51.0 28 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 1.7 MAX,'0.95TYP  +10 MIN +20 dBm 2.0:1
CA48-2111 4.0-8.0 29 1.3MAX, T.OTYP  +10 MIN +20 dBm 2.0:1
CA812-3111 8.0-12.0 27 1.6 MAX, T4TYP  +10 MIN +20 dBm 2.0:1
CA1218-4111  12.0-18.0 25 1.9 MAX, 1.7 TYP  +10 MIN +20 dBm 2.0:1
(A1826-2110  18.0-26.5 32 3.0 MAX, 2.5TYP  +10 MIN +20 dBm 2.0:1
NARROW BAND LOW NOISE AND MEDIUM POWER AMPLIFIERS
CA0T-2111 0.4-05 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
CA0T1-2113 0.8-1.0 28 0.6 MAX, 0.4 TYP +10 MIN +20 dBm 2.0:1
(A12-3117 12-1.6 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, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA56-3110 54-59 40 1.0 MAX, 0.5 TYP +10 MIN +20 dBm 2.0:1
CA78-4110 7.25-7.75 32 1.2 MAX, 1.0 TYP +10 MIN +20 dBm 2.0:1
CA910-3110 9.0-10.6 25 1.4 MAX, 1.2 TYP +10 MIN +20 dBm 2.0:1
(A13153110  13.75-15.4 25 1.6 MAX, 1.4 TYP +10 MIN +20 dBm 2.0:1
CA12-3114 1.35-1.85 30 4.0 MAX, 3.0 TYP +33 MIN +41 dBm 2.0:1
(A34-6116 3.1-35 40 4.5 MAX, 3.5 TYP +35 MIN +43 dBm 2.0:1
CA56-5114 5.9-6.4 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm 2.0:1
(A812-6115 8.0-12.0 30 4.5 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1
CA812-6116 8.0-12.0 30 5.0 MAX, 4.0 TYP +33 MIN +41 dBm 2.0:1
CA1213-7110 12.2-13.25 28 6.0 MAX, 5.5 TYP +33 MIN +42 dBm 2.0:1
CA14157110  14.0-15.0 30 5.0 MAX, 4.0 TYP +30 MIN +40 dBm 2.0:1
CA1722-4110 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 6Hz)  Gain (@) MIN  Noise Figure (dB)  Power-out@pid8 3rd Order [P VSWR
CA0102-3111 0.1-2.0 28 1.6 Max, 1.2 TYP +10 MIN +20 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 —
CA02-3112 0.5-2.0 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
(A26-4114 2.0-6.0 22 5.0 MAX, 3.5 TYP +30 MIN +40 dBm 2.0:1 =
(A618-4112 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
(LA24-4001 2.0-4.0 -28 to +10 dBm +7 to +11 dBm +/-1.5MAX  2.0:] =
(LA26-8001 2.0-6.0 -50 to +20 dBm +14 t0 +18 dBm +/-1.5MAX  2.0:]
(lA712-5001 7.0-12.4  -21to+10 dBm +14 10 +19 dBm +/-1.5MAX  2.0:] —
(LA618-1201 6.0-18.0  -50 fo +20 dBm +14 to +19 dBm +/-1.5MAX  2.0:1
AMPLIFIERS WITH INTEGRATED GAIN ATTENUATION
Model No. Freq 6tz Gain @8) MIN  Noise Figure @)  Power-out@pid8 Gain Attenuation Range VSWR
CA00T-251TA  0.025-0.150 21 5.0 MAX, 3.5TYP  +12 MIN 30 dB MIN 2.0:1
CA05-3110A 0.5:5.5 23 25 MAX T.5TYP  +18 MIN 20 dB MIN 2.0:1
(CA56-3110A 5.85-6.425 28 2.5 MAX, T.5TYP  +16 MIN 22 dB MIN 1.8:1
CA612-4110A 6.0-12.0 24 25 MAX, T5TYP  +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, 2.0TYP  +18 MIN 20dB MIN  1.85:1
LOW FREQUENCY AMPLIFIERS
Model No. Freq (6Hz)  Gain @) MIN  Noise Figure dB  Power-out@p1d8  3rd Order ICP VSWR
CA001-2110  0.01-0.10 18 4.0 MAX, 2.2 TYP +10 MIN +20 dBm 2.0:1
CA001-2211  0.040.15 24 3.5 MAX 2.2 TYP +13 MIN +23 dBm 2.0:1
CA001-2215  0.04-0.15 23 4.0 MAX, 2.2 TYP +23 MIN +33 dBm 2.0:1
CA001-3113  0.01-1.0 28 4.0 MAX, 2.8 TYP +17 MIN +27 dBm 2.0:1 C
CA002-3114  0.01-2.0 27 4.0 MAX, 2 8 TYP +20 MIN +30 dBm 2.0:1
(A003-3116  0.01-3.0 18 4.0 MAX, 2.8 TYP +25 MIN +35 dBm 2.0:1
(A004-3112  0.01-4.0 32 4.0 MAX, 2.8 TYP +15 MIN +25 dBm 2.0:1 1
CIAO Wireless can easily modify any of its standard models to meet your "exact" requirements at the Catalog Pricing.

Visit our web site at www.ciaowireless.com for our complete product offering. WIEESS

Ciao Wireless, Inc. 4000 Via Pescador, Camarillo, CA 93012
Tel (805) 389-3224  Fax (805) 389-3629 sales@cinowireless.com
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Low-Noise Synthesizer
Design Examples

The final chapter of this five-part series looks at five different
synthesizer designs, comparing fully integrated synthesizers to
discrete implementations.

https://www.mwrf.com/technologies/components/
article/21850038/lownoise-synthesizer-design-examples

Apply a New Approach
to Dual-Fed Distributed
Amplifier Design

This novel design method helps improve gain for the dual-fed
DA by approximating gain using the Chebyshev polynomial.

https://www.mwrf.com/technologies/components/
article/21850023/apply-a-new-approach-to-dualfed-
distributed-amplifier-design

join us online K

twitter.com/MicrowavesRF  facebook.com/microwavesrf

The Car Radlo of the Future

The support for the V2X movement is seemingly strong,
bolstered by C-V2X developments. So why is its adoption still
lumbering through the discussion phase?

https://www.mwrf.com/technologies/systems/article/21850068/
the-car-radio-of-the-future

Quad-Band Resonator
Depends on CRLH/D-CRLH
Structures

The design of this multi-band resonator allows for multiple
passbands while keeping size to a minimum.

https://www.mwrf.com/technologies/components/
article/21849975/quadband-resonator-depends-on-crlhdcrlh-
structures

JANUARY 2020 MICROWAVES & RF
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Single Slot PXI
Frequency Synthesizer

NEW! MLMS-Series Frequency Synthesizers - 250 MHz to 16 GHz

The MLMS-Series Frequency Synthesizers from Micro Lambda Wireless, Inc. is a new smaller and lower cost
frequency synthesizer designed to fit into a single slot PXI chassis. Dimensions measure 2.5" x 2.5" x .65" tall.
Standard frequency models are available covering 250 MHz to 6 GHz, 2 to 8 GHz, 6 to 13 GHz and 8 to 16 GHz.
Special customer defined frequency ranges within the entire frequency range are available on special order.

Applications include Wide Band Receivers, Automated Test Systems, Telecom, Satcom, UAV's and Drones, as
well as a variety of Military and Commercial Test applications.

For more information contact Micro Lambda Wireless.

www.microlambdawireless.com
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Micro Lambda is a ISO 9001:2015 Registered Company “Look to the leader in YIG-Technology”

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



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

Alliance Gives Students a Gateway to the

MOBILE TECHNOLOGY WORLD

previous column discussed

how Queensborough Commu-
nity College (QCC) in Bayside, N.Y,, is
focused on RF education with its array
of industry-standard test equipment and
more. Continuing that theme, QCC’s
commitment to technology education
can be further validated by its partnership
with Nokia Bell Labs. Thanks to this alli-
ance, QCC is able to give students access
to equipment provided by the company
(Fig. 1). On top of that, QCC will even be
sending one of its own students to intern
at Nokia Bell Labs—quite an accomplish-
ment for a community college.

1. Students at QCC will be able to utilize this equipment intended for mobile testing.
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How did the partnership between
QCC and Nokia Bell Labs begin in
the first place? Enrique Haro, senior
CUNY lab technician and adjunct lec-
turer at QCC, explains, “The partner-
ship between QCC and Nokia Bell Labs
began with the help of Joe Amato from
RF Alliance and Bryan Walker from JEW
Industries. They helped arrange a meet-
ing with Dotti Evans, Carlos Sigas, Craig
Polk, and other members of the mobile
networks team at Nokia Bell Labs in
Murray Hill, N.J.

“I was able to share the idea of provid-
ing technicians with hands-on training

e

using commercial mobile radio equip-
ment found in the field. The QCC-Nokia
Connect project was then born with the
mission of creating a talented workforce
in mobile communications to help com-
panies that use mobile technology com-
pete globally”

As mentioned, QCC students can uti-
lize equipment provided by Nokia Bell
Labs. Specifically, the school was given
a handover system along with a mini
lab live (MLL) server that controls the
handover RF hardware. Figure 2 shows a
block diagram of an equivalent handover
system from JFW Industries.

'rf,"'(hl"rflr. r i.frm!i(mrrr'
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2. This is a block diagram of a handover system that corresponds to the system QCC received. (Courtesy of JFW Industries)

“We use GSM and LTE radios as sig-
nal sources to monitor handover signals
from cell to cell and sector to sector on
spectrum analyzers and on LTE user
equipment as well,” says Haro. “We are
able to change the configuration for the
number of cells and sectors. The config-
uration supports up to 18 student work-
stations and it is upgradeable. Students
can also gain experience with automated
testing software, which runs on a UNIX
server.

What does Haro hope students will
gain from having access to this equip-
ment? He answers, “I hope that stu-

dents become passionate about mobile
technology by having access to the
physical aspects of signal propagation
from cell to cell or sector to sector to
the handset. I also hope they become
familiar with RF components that are
not easily found in a classroom. The
equipment we were given is the same
equipment that’s currently used for
mobile configuration testing at Nokia
Bell Labs. This initiative opens the door
to other mobile-communication tech-
nologies.”

Lastly, the partnership is also open-
ing the door for QCC to send one of its

students to intern at Nokia Bell Labs.
“I'm very excited by this opportunity,”
says Haro. “A student from a commu-
nity college is not the typical candidate
for Nokia Bell Labs. Most interns are
graduate or Ph.D. students. Such an
opportunity will change a student’s life.
I believe the student will have a great
future by starting his or her specializa-
tion early in life ahead of most tradi-
tional students. Also, students in gener-
al will perform better in class knowing
there’s an internship opportunity at one
of the greatest telecom research facili-
ties in the world” M

IEEE HONORS Army-Funded Researcher for Signal Processing

THE IEEE IS RECOGNIZING U.S. Army-
funded researcher Dr. Rama Chellappa
for his work in the field of signal process-
ing. The distinguished university professor
of electrical and computer engineering at
the University of Maryland will be formally
honored with the 2020 IEEE Jack S. Kilby
Signal Processing Medal in May 2020 at
an awards ceremony in Vancouver, B.C.,
Canada. The IEEE board of directors spe-
cifically cited Chellappa’s “contributions
to image and video processing, especially
applications to face recognition.” The IEEE
established the award in 1995 to honor
Jack S. Kilby a pioneer in digital signal pro-
cessing (DSP).

Chellappa is part of a research team
funded by the Army and led out of Johns

GO TO MWRF.COM

Hopkins University. Its research on data
analysis has potentially far-reaching
impact on machine learning (ML) and
data science, attempting to develop
improved algorithms for facial and gen-
eral object recognition to enhance com-
puter decision-making and situational
awareness.

“The ability to break down data into
semantic nuggets is profoundly impor-
tant to quickly interpreting scene images
and to making informed and intelligent
decision making for autonomous agents,”
said Dr. Hamid Krim, program manag-
er, information processing and fusion at
the Army Research Office. “That could
hence lead to new technologies for recon-
naissance, surveillance and intelligence,

Dr. Rama Chellappa

robotic perception, precision targeting,
counter-terrorism and homeland security.”
Chellappa has a permanent appointment
in the University of Maryland Institute for
Advanced Computer Studies, where he
does much of his research. B
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News

MINI-CIRCUITS EXPANDS Regional Sales
Office to Serve Japan, South Korea

Shown are Ted Heil and Kai Lo along with two officials from the Office of the City of Yoko-

hama Representative to the Americas: Toshikazu Yazawa (director) and Makoto Sekiyama

(executive officer for global partnership and networking).

MINI-CIRCUITS (WWW.MINICIRCUITS.COM)
just recently opened a regional sales
office in Shin-Yokohama, Kanagawa
Prefecture, Japan to expand its service
to customers in Japan and South Korea
(see photo above). The new office will
work in conjunction with Mini-Circuits’
local sales representatives and distribu-
tors to offer additional resources and sup-
port in growing business and addressing
customer needs.

The company has appointed Thomas
Joyce as regional sales director, Japan
and South Korea, to manage Mini-Cir-
cuits’ office in Yokohama and to continue
broadening its sales and service pres-
ence in the region. Mr. Joyce brings 33
years of experience in electronics design,
management, and marketing, as well as
extensive knowledge of the Japanese
and South Korean markets.

Mini-Circuits’ president Ted Heil com-
mented, “Part of our mission to be the
world’s preferred supplier of RF and
microwave products means ensuring
we consistently deliver world-class ser-

Part of our mis-

sion to be the
world’s preferred sup-
plier of RF and micro-
wave products means
ensuring we consis-
tently deliver world-
class service to our
customers everywhere
across the globe.”

vice to our customers everywhere across
the globe. Under Thomas’ direction, the
Yokohama office will augment the efforts
of our channel partners in Japan and
South Korea as a direct link to Mini-Cir-
cuits at the local level.”

Mini-Circuits Japan is one of Mini-
Circuits’ 14 corporate locations, joining
design, manufacturing, and sales centers
spanning nine nations. M
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Armed with the world’s largest selection of in-stock, ready to ship RF components, and the brains to back them up,
Pasternack Applications Engineers stand ready to troubleshoot your technical issues and think creatively to deliver
solutions for all your RF project needs. Whether you've hit a design snag, you're looking for a hard to find part or simply
need it by tomorrow, our Applications Engineers are at your service. Call or visit us at pasternack.com to learn more.
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News

LEARN RADAR ENGINEERING with Python and MATLAB

INTENDED TO INTRODUCE and expound
on a number of radar fundamentals, the
book Introduction to Radar Using Python

and MATLAB presents a tool suite that  scenarios and applications.

consists of Python scripts, as well as cor-
responding MATLAB scripts, to reinforce

fundamental topics. The goal is to pro-
vide readers with a mechanism to analyze
and predict radar performance for various

The author, Andy Harrison, a senior
research engineer at Radiance Technolo-

Solutions for 5G & mmWave Applications

KRYTAR specializes in the design and manufacturing of ultra-broadband, high-
performance microwave components and test equipment. Our products cover DC
to 110 GHz and are the ultimate solution for the emerging designs and test and
measurement applications for 5G and mmWave. The broadband design expertise
at KRYTAR has created unique new designs, several of which are patented.
KRYTAR has applied these designs to consistently introduce technologically
advanced products with superior electrical performance and ruggedness.

1 Directional Couplers to 110 GHz
QO Power Dividers o &
Q0 3 dB 90 Degree Hybrid Couplers cé ﬁgé;
[ 3 dB 180 Degree Hybrid Couplers =

1 Beamforming

<« KRYTAR

www.krytar.com

1288 Anvilwood Avenue * Sunnyvale, CA 94089
Toll FREE: +1.877.734.5999 « FAX: +1.408.734.3017 » E-mail: sales@krytar.com
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gies, asserts that the book is well-suited
for a senior-level undergraduate or first-
year-level graduate course, as well as for
professionals who are seeking to enter the
arena of radar engineering.

Chapter 1 begins by presenting a his-
tory of radar before diving into the topic
of radar classification. The author sub-
sequently discusses radar classification
by explaining that the military’s need
to detect enemy aircraft was the early
driving force behind the development
of radar systems. Since then, radar sys-
tems have been employed for many use
cases, such as cancer detection, auton-
omous-vehicle navigation, weather fore-
casting, terrain mapping, and through-
wall detection.

Andy Harrison

Therefore, according to the author, it's
often convenient to categorize radar sys-
tems based on parameters like operat-
ing frequency band, type of waveform
used, configuration, etc. To illustrate this,
the chapter contains a table that depicts
radar classification by operating frequen-
cy. It then describes typical radar wave-
forms, including continuous-wave (CW)
and pulsed waveforms, as well as more
complex types such as phase-coded
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he author, Andy Harrison, a senior research engineer at

Radiance Technologies, asserts that the book is well-suited
for a senior-level undergraduate or first-year-level graduate course,
as well as for professionals who are seeking to enter the arena of radar

engineering.

waveforms. Another table lists common
waveform types and their applications. In
addition, various radar-system configura-
tions are defined, including monostatic,
quasi-monostatic, bistatic, and multistatic
systems. Corresponding illustrations are
also shown of bistatic and multistatic sys-
tems.

Chapter 1 concludes by discussing
the book’s accompanying software. The
tool suite, written in the Python program-

ming language, includes a user-friend-
ly graphical user interface (GUI) that
updates plots and images automatically
as the user changes parameters. Also
included are scripts written in MATLAB
that correspond to each of the Python
scripts. The Python and MATLAB sets
of code can be obtained from a GitHub
repository.

The second chapter covers electro-
magnetic (EM) fields and waves. Of

course, a discussion on EM fields and
waves must include an overview of Max-
well’s equations—and that’s the case here.
Among the additional topics touched
on throughout the chapter include EM
boundary conditions, wave equations and
solutions, and plane waves. Subsequent
chapters delve into topics like antenna
systems, the radar range equation, radar
receivers, target detection, radar cross
section, and more. &

MODELITHICS RELEASES VERSION 19.6 of the COMPLETE+3D

Library for ANSYS HFSS

MODELITHICS (WWW.MODELITHICS.COM)
recently announced the release of version
19.6 of its COMPLETE+3D Library for
use with ANSYS (www.ansys.com) HFSS,
which houses 117 new full-wave 3D
electromagnetic (EM) models.

The library’s extended selection of
highly scalable models for capacitor,
inductor, and resistor families draws from
many popular vendors. It also includes
an expanding collection of Modelithics’
3D geometry models for Coilcraft
(www.coilcraft.com) and TDK (www.
global.tdk.com) inductors, as well as a

| Now Available!

v19.6

Request a
FREE Trial! K
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connector model for SV Microwave (www.
svmicrowave.com). Version 19.6 features
15 new part value-, pad-, and substrate-
scalable models in addition to the 117
new full-wave 3D EM models.

New scalable circuit models include
five for Knowles (www.knowles.com) (four
DLI and one Syfer), as well as models
for Exxelia (www.exxelia.com) and Wurth
Elektronik (www.we-online.com) capaci-
tor families. On top of that, the release
presents three new inductor models for
Coilcraft, a Vishay FC0402 resistor series
model, and two capacitor and three induc-

“=Modelithics:

COMPLETE

tor models for Wrth Elektronik families.

Through the Modelithics Vendor Partner
(MVP) program, 90-day free model use is
being sponsored by Coilcraft, TDK, and
Waurth Elektronik. In addition, 30-day trials
are offered by Exxelia and Vishay, as well
as Knowles for the DLI and Syfer models.
To request a dedicated vendor trial of
one of these selected MVPs, visit www.
modelithics.com/mvp/vsl.

For more information about this new
release or to request a free trial, visit
the Modelithics website or contact the
company at sales@modelithics.com. ®

Featuring over 30 vendors

components,
including ove
130 3D models

+3D Iﬁbrary_ |

for ANSYS HFSS
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TED SCARDAMALIA | CoFounder and President, MSW Analytics Inc.

www.mswanalytics.com and www.teardownreports.com

SG: How Much Is Redl
vs. Marketing?

Is 5G ready for prime time? Breaking down the marketing hype versus what’s really

going on in the industry.

5G Availability

100%
Market
Share
THIS OR THIS
2020 2023 2026

A June 2019 forecast made by Canalys has global 5G smartphone shipments crossing 4G

smartphone shipments in 2023.

he new 5G protocol is in the

news virtually every day,

with proclamations that

encompass everything from
cellphones to autonomous vehicles to
thermostats. One might already believe
that if you don’t own a 5G device, you
clearly aren’t “In Style”

Soo0o00, marketing claims 5G is per-
vasive. The question is when: 2020 or is
it 20257

First, let’s define 5G also known as 5G
New Radio, or 5G NR.

o There is sub-6-GHz 5G for the
cellphone protocol that requires
LTE: 5G NSA.

o There is sub-6-GHz standalone
5G: 5G SA.

o There is 20- to 60-GHz 5G: 5G
mmWave.

GO TO MWRF.COM

One June 2019 forecast made by
Canalys has global 5G smartphone ship-
ments crossing 4G smartphone ship-
ments in 2023 (see figure).

In evaluating whether 5G is ready for
“prime time” in any of its incarnations,
one must one must look into several
areas:

o What is the status of the 5G stan-
dards?

o What is the status of technologies
in the various frequency spec-
trums?

o What is the status of 5G in the
geopolitical arena?

o What is the status of the compo-
nent suppliers?

There have been 5G protocols pub-
lished by various organizations since
2012. However, the initial release of a 5G

standard by the 3GPP (“Third Genera-
tion Partnership Project” international
standards committee) was in 2017. The
release (R15 NSA) addressed “non-
standalone” 5G, which is 5G coexisting
with LTE.

In 2018, 3GPP issued an updated ver-
sion of R15 for standalone 5G (R15 SA).
Then 3GPP released another version of
R15 in mid-2019 to address outstanding
issues from R15 SA. R16, considered to
be the first “full” 5G standard, is sched-
uled for release in mid-2020. While the
scope for R17 has not yet been agreed
to, it’s intended to address the enhance-
ments needed for reliable operation
in 20+ GHz for autonomous vehicles,
commercial industry connections, etc.
Sounds like there might be a possibility
that coming updates could affect the sili-
con implementations of 5G and maybe
obsolete some implementations?

DEALING WITH DATA RATES

A significant enhancement in 5G over
the previous protocols (4G, 3G, WCD-
MA, CDMA, and GSM) is its increased
data rates, which allow it to connect a
variety of devices above and beyond tra-
ditional smartphone functions. Devices
for industrial IoT, autonomous vehicles,
and industrial connectivity are thought
to depend on the increased data rates
supplied by 5G sub-6-GHz and the mil-
limeter-wave (mmWave) portion of the
5G protocol; that is, frequencies in the
20- to 60-GHz range.

(Continued on page 55)
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Test & Measurement
MAJEED AHMAD KAMRAN | Contributing Editor

Where Does 5G

Conformance Testing
Stand in 20207

The 5G test cases presented here encompass RF characteristics, radio resource
management (RRM), and protocol suites that work at the chipset, device, and
base-station levels on sub-6-GHz and mmWave frequencies in both lab and field

environments.

he 5G test and conformance

era is far more challeng-

ing than 4G wireless amid

a broad range of new ser-
vic technology paradigms. There’s
a large matrix of test cases that vary
widely, and these changes reinforce the
importance of adequately validating the
device performance on 5G networks as
specified in the New Radio (NR) stan-
dard (Fig. I).

The 5G conformance test spans RF
characteristics, radio resource man-
agement (RRM), and communication
protocol suites, and that calls for flex-
ible test solutions that can eventually be
customized for specific use cases and
certification requirements. At the same
time, it’s also critical that both chip-
sets and devices are rigorously tested
under linear and nonlinear conditions
across the entire workflow, from design
validation to product manufacturing
(Fig. 2).

There are other pressures as well when
it comes to accelerating the conformance
to advance 5G commercialization. For
instance, network operators, as well as
chipset and device manufacturers, are
striving to ensure successful device test-
ing and acceptance on the first attempt.
But that’s easier said than done.

20

For starters, 5G conformance testing
encompasses two technology realms:
sub-6-GHz bands with new multiple-
input multiple-output (MIMO) antenna
systems and higher-frequency millime-

ter-wave (mmWave) bands with highly
focused beamsteering. The confor-
mance testing matrix further expands
with different spectrums operating
across the globe and the need for 5G

JANUARY 2020 MICROWAVES & RF



devices to work in both non-standalone
and standalone modes.

That calls for engineers to thoroughly
test the parametric performance, physi-
cal-layer (PHY) characteristics, and pro-
tocol functionality of the device’s chipset
using the same emulated network and
communication channels employed by
5G carriers. The following section pro-
vides highlights of the extended matrix
of 5G test cases that includes functional
testing, negative testing, regression test-
ing, KPI testing, data-throughput testing,
and overall device performance testing.

5G CONFORMANCE MATRIX

The conformance test requirements,
as specified in the 3GPP 5G NR stan-
dard, include a wide range of RF demod-

ulation and RRM test cases. And they
can be validated by the Global Certi-
fication Forum (GCF) and PCS Type
Certification Review Board (PTCRB), a
certification platform comprised of the
leading U.S. mobile operators.

Start with the Testing and Test Con-
trol Notation version 3 (TTCN-3) con-
formance testbed, a core language that
3GPP uses to specify different types of
reactive system tests over a variety of
communication ports. The TTCN-3
conformance use cases employ real user
equipment (UE) and real hardware in
the form of network simulators to verify
5G designs.

Next, RAN5, a workgroup within
3GPP, focuses on the conformance test-
ing specification for the radio interface

1. 5G NR requires a whole new set of conformance tests.
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of UE devices. It’s organized in the RF
subgroup and the signaling subgroup,
respectively, and it encompasses both
RF and RRM conformance tests. The
RANS5 workgroup approves the Proto-
col Conformance Tests as defined in the
3GPP TS38.523 requirements.

The 5G conformance testing rang-
es from device R&D and design vali-
dation to conformance verification to
carrier acceptance and manufacturing.
Thus, the 5G mobile ecosystem is being
streamlined from early prototyping to
design validation to device manufac-
turing. Take, for example, the Chinese
phone maker Oppo, which unveiled
the 5G handset “Reno” in April 2019.
It demonstrated the world’s first 5G sig-
naling and data connection for a video
call in November 2018 (Fig. 3).

According to James Kimery, director
of wireless research at National Instru-
ments (NI), assessing the performance
of video and data delivery is crucial for
5G devices. It's worth mentioning here
that 5G device manufacturers like Oppo
are employing the same tools that chip-
makers use to validate 5G NR designs.

Moreover, protocol conformance tests
for both chipsets and devices are a key
enabler in validating the performance of
5G designs. And they mandate the avail-
ability of complete protocol stacks on a
software platform with fully developed,
carrier-based test cases.

Below is a sneak peek into various
conformance test cases that demon-
strate how chipset and device manufac-
turers are validating the 5G NR designs
across the entire workflow.

5G CONFORMANCE TEST CASES

Samsung’s Exynos Modem 5100,
compatible with 3GPP Release 15, sup-
ports both sub-6-GHz and mmWave
spectrums with a single-chip solution.
The company has conducted an over-
the-air (OTA) 5G NR data call test under
a wireless environment utilizing a 5G
base station and 5G end-user equipment
prototype embedded with the Exynos
Modem 5100.
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5G Test: 2020 Forecast
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3. This is a view of the conformance test framework of Oppo’s 5G smartphone.

(Source: Keysight)

4. The new architectural options in 5G

reinforce the need for test solutions with
modular hardware and software compo-
nents. (Source: Rohde & Schwarz)

“5G wireless is evolving much faster

than previous cellular technologies,”
said Woonhaing Hur, vice president of
System LSI Protocol Development at
Samsung Electronics. “Especially after
3GPP officially approved the first round
of 5G specifications in the summer of
20187

Marvin Test Solutions has developed
a manufacturing test platform for beam-
forming ICs under linear and nonlinear
conditions. Beamforming IC testing is
crucial in 5G mmWave systems, utiliz-
ing component- and system-level simu-
lation tools to facilitate high-precision
measurements at mmWave bands.

“The test systems need to be ready for
anew class of 5G beamforming devices,”
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said Alastair Upton, chief strategy offi-
cer at Anokiwave. The company offers
mmWave ICs for active antenna arrays
and has demonstrated OTA validation
of antenna-in-package (AiP) devices in
collaboration with NI.

The OTA-based RF validation sig-
nificantly shortens development sched-
ules and helps test professionals achieve
faster speeds compared to traditional
point-by-point software-controlled test
systems (Fig. 4).

“The 5G NR systems demand modu-
lar hardware and software platforms that
address the testing needs of today and
well into the decade,” said Mike Thorpe,
product manager at Rohde & Schwarz.
The test-and-measurement company is

working with quality-assurance special-
ist Intertek and conformance test labs to
test the signaling, RF parameters, and
data-throughput rates of simultane-
ous LTE/5G links in dual-connectivity
mode.

As the aforementioned test cases
show, the 5G conformance initiatives
are starting to accelerate after the early
rollout of 5G NR networks in 2019. And
these activities are likely to gather pace
in 2020 and beyond when 5G reaches
the cusp of commercial deployment.

THE CASE FOR UNIFIED TEST
PLATFORMS

The race to 5G commercialization is
on, currently led by customer-premis-
es-equipment (CPE) units for the fixed
wireless access service, which is prom-
ising to offer multi-gigabit wireless
throughput in select U.S. cities. Further-
more, mobile hotspots and 5G smart-
phones are being launched around the
world.

It all begins with demonstrating sta-
bility and high data rates in clean and
ideal channel conditions. The toolsets
allow test engineers to emulate the real-
world complexities related to 3D fad-
ing and channel interference conditions
inside the lab environments.

Once test professionals have done
that, they must validate the mobile-
device or base-station performance
under real-world conditions, where
the channel is non-ideal, complex,
faded, and filled with interference. So,
5G test professionals require reliable
tools to characterize the system per-
formance of mobile devices and base
stations across all 5G NR signal band-
widths.

The latest initiatives and develop-
ments regarding 5G conformance, as
well as the recent test cases outlined
in this article, also call for a holistic
approach. That’s because a unified sys-
tem can efficiently handle the RF, IF,
and mmWave frequencies in the most
realistic replication of a real-world
environment. G
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DANIEL COOLEY | Chief Strategy Officer, Silicon Labs

Connecting the Future:
Three Wireless Trends
on the 2020 Horizon

We expect even more wireless innovations to come into play in 2020 and beyond as
wireless indoor tracking technologies, the next-gen Wi-Fi 6 standard, and LPWAN
protocols reach the mainstream.

ome and work life, com-
merce, industry, and
transportation are all
about connectivity these
Th rnet of Things (IoT) has
impacted our lives and transformed
industries over the past decade, and we
expect even more wireless innovations
to make their presence felt in 2020 and
beyond.
I'm excited about three wireless tech-
nologies that are poised to enhance

24

how we find and track things; share and
stream data in our homes, offices, and
public spaces; and enable long-range
connectivity for smart cities, factories,
and agriculture. Let’s take a closer look
at wireless indoor tracking technologies,
the next-generation Wi-Fi 6 standard,
and LPWAN protocols reaching the
mainstream this year.

LOCATION, LOCATION, LOCATION
Tech companies have been trying to

solve the problem of “where is my stuff”
for a long time, well before the rise of
the IoT. While global-positioning-sys-
tem (GPS) technology can be used to
locate and track some devices such as
smartphones, GPS is typically expen-
sive and power-hungry, and it must be
used outdoors to receive satellite signals.
Indoor location tracking isn't a practical
option with GPS. Until recently, device
makers have been solving the problem
of indoor location services with a mix

JANUARY 2020 MICROWAVES & RF



of technologies such as RFID and Blue-
tooth beacons, enabling precision loca-
tion services.

We've seen two significant innova-
tions in indoor tracking and location
services gain traction this year: angle-
of-arrival (AoA) and angle-of-departure
(AoD) direction finding introduced
in the Bluetooth 5.1 specification and
ultra-wideband (UWB) radio technolo-
gy. Both wireless technologies are being
integrated into smartphones. Mobile
phones have included Bluetooth LE
radios as a standard feature since the
early 2010s, and leading smartphone
manufacturers are adding UWB radios
to their latest models, such as Apple’s
inclusion of UWB in the iPhone 11 and
11 Pro.

Historically, two trends occur when a
new technology enters the smartphone
ecosystem: cost and power consumption
plummet. We will see this happen with
the integration of both AoX and UWB
technologies in the latest smartphones.

istorically, two trends occur

when a new technology enters
the smartphone ecosystem: cost and power
consumption plummet. We will see this happen
with the integration of both AoX and UWB
technologies in the latest smartphones.

Consumers will be able to use their
smartphones to locate things with pre-
cision in a way they haven't before. For
example, users can pinpoint the exact
location of their phones, key fobs, and
tracking tags.

In parallel, equivalent tracking tech-
nologies can be embedded in infra-
structure itself. For example, AoX and
UWRB can be used to create asset man-
agement and tracking systems for locat-
ing packages in warehouses. It’s time to
bring GPS-like tracking capabilities to
indoors applications. As Bluetooth AoX

Downlink and uplink
OFDMA

This technique divides the radio channel into multiple
smaller sub-channels, each with slightly different
frequencies.

Higher client density

Downlink and uplink
MU-MIMO

Wi-Fi 5 first introduced multi-user multiple-input
multiple-output (MU-MIMO), which enables apps to
transmit data downstream to several devices at once.
Wi-Fi 5 was limited to 4x4 configurations, while Wi-Fi 6

increases this to 8x8 to support eight clients. In addition,

Wi-Fi 6 adds support for uplink MU-MIMO, enabling
multiple clients to transmit to the AP at the same time.

Higher data rates

Targef wake-up fime

This allows clients to schedule pre-defined times to
wake up, permitting longer sleep periods.There are also
options to enable clienfs fo power down the receiver

to avoid receiving unwanted frames while dynamically
reducing transmit power.

Longer battery life

Spatial reuse
fechniques

In dense environments, clients will be in the range of
multiple access points. Wi-Fi 6 allows clients to listen for
a unique identifier for their associated access point and
modify transmission characteristics accordingly.

Higher client and
access point density

1024 QAM

Extending from 512 QAM to 1024 QAM brings about a
25% increase in the PHY data rate.

Higher data rates

Long OFDM symbol

Wi-Fi 6 extends the OFDM FFT size from 64 o 256, a
4X increase.The longer symbol time helps to increase
robustness in use cases with large physical distances.
This is akin to Bluetooth 5.x LE Coded (S=8) PHY
configuration.

Longer range
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and UWB tracking technologies become
ubiquitous this year, you won’t have to
wonder where your stuff is much longer.

Wi-Fi 6: THE NEXT-GEN WIRELESS
STANDARD

‘Wi-Fi 6, also known as IEEE 802.11ax,
is a major milestone in the Wi-Fi stan-
dard’s 20-year journey of continuous
innovation. The standard builds on
the strengths of 802.11ac while adding
greater efficiency, flexibility, and scal-
ability that gives new and existing net-
works increased speed and capacity for
next-generation applications.

The IEEE proposed the Wi-Fi 6 stan-
dard to deliver the performance and
versatility of high-speed Gigabit Eth-
ernet wireless combined with the reli-
ability and predictability of a licensed
radio. For reference, the Wi-Fi Alliance
has rebranded the wireless standard. In
the past, Wi-Fi versions were branded
according to the IEEE standard nomen-
clature, but this approach was confusing
to consumers. Going forward, here’s the
Wi-Fi “decoder ring”:

o Wi-Fi4 =1EEE 802.11n
o Wi-Fi5=1EEE 802.11ac
o Wi-Fi6=1EEE 802.11ax

Wi-Fi 6 is the first short-range wire-
less standard developed to enable a high
density of devices embedded into the
specification. Previous Wi-Fi versions
focused on speed and performance
first and foremost. Think of Wi-Fi 5
(802.11ax) like a bullet train. Data can
move around quickly, but there won’t be
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many high-speed trains on the track at
the same time.

Wi-Fi 6 was built from the ground
up with device density in mind. The
standard supports a host of new fea-
tures addressing density, battery life,
and wireless range, in addition to other
features designed to increase raw data
throughput capabilities, as shown in the
table on page 25.

LTE-M is a good option for LPWAN
applications requiring a combination of
long battery life, LTE reliability, and low
latency. LTE-M is also compatible with
existing LTE networks and in the future
will coexist with 5G technologies.

Equivalent non-cellular LPWAN
technologies operating in the sub-GHz
band, such as LoRaWAN (a protocol
managed by the LoRa Alliance running

LPWAN technology is now finding its
way into transportation, from long-haul
trucking to electric dockless scooters;
urban infrastructure such as parking
meters and gas and water meters; and
smart farming applications, including
precision agriculture and livestock
monitoring.

With so many new and emerging
wireless technology options coming

y operating in the sub-GHz band or a licensed cellular spectrum
and keeping the data bandwidth relatively low (tens of bits
per message), LPWANSs can achieve a range measured in the tens of
kilometers. This wider coverage range has broad implications in
leveraging the IoT and machine-to-machine (M2M) communications for
smart cities, building and home automation, and industrial IoT.

With the arrival of Wi-Fi 6, we will
see an increase in the number of devic-
es able to connect to a Wi-Fi network,
along with reduced latency, longer bat-
tery life, and an enhanced overall user
experience. Wi-Fi 6 chips are already
hitting the market, and several access-
point manufacturers are releasing prod-
ucts compliant to the specification.
Smartphone manufacturers are expect-
ed to add Wi-Fi 6 to next-generation
handsets, while connected-device man-
ufacturers will include the new wireless
technology in a range of IoT products
this year.

LPWAN FOR THE LONG HAUL

Cellular technology is starting to
migrate from smartphones and into the
10T as a viable option for low-power
wide-area-network (LPWAN) connec-
tivity. Several semiconductor suppli-
ers including Nordic Semiconductor,
Qualcomm, Sequans Communications,
and Sony (Altair) are releasing chipset
products supporting the NB-IoT and
LTE-M (also known as CAT-M1) cel-
lular standards, and interesting startups
like Riot Micro also are entering the cel-
lular IoT market.
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on Semtech’s LoRa RF platform), are
beginning to go mainstream. A recent-
ly unveiled LPWAN option to watch
closely this year is Amazon’s 900-MHz
Sidewalk protocol, designed to connect
sensors, lightbulbs, trackers (for things
and pets), and other long-range IoT
devices.

IoT device manufacturers now have
many options for deploying LPWAN
connectivity at lower costs, enabling
a rapidly improving developer expe-
rience for long-range, low-data-rate,
low-power applications. By operating
in the sub-GHz band or a licensed cel-
lular spectrum and keeping the data
bandwidth relatively low (tens of bits
per message), LPWANSs can achieve
a range measured in the tens of kilo-
meters. This wider coverage range has
broad implications in leveraging the
IoT and machine-to-machine (M2M)
communications for smart cities,
building and home automation, and
industrial IoT.

According to ON World, LPWAN
services are expected to reach $75
billion USD by 2025, serving more than
30 different applications in a broad
range of market segments globally.

onto the market this year, connected
device makers will continue to drive
innovation in the IoT, and end users
everywhere will be the ultimate ben-
eficiaries. MU

DANIEL COOLEY, Senior Vice President
and Chief Strategy Officer, leads Silicon
Labs’ overall corporate strategy, M&A
and investments, emerging markets,
and security. He previously led Silicon
Labs’ loT business, most recently as SVP
and General Manager. Under Daniel’'s
leadership, the company has built an
industry-leading portfolio of secure con-
nectivity solutions, and the 10T business
has grown to more than half of total rev-
enue. Daniel joined Silicon Labs in 2005
as a chip design engineer developing
broadcast products such as AM/FM ra-
dios and short-range wireless devices.
He has served in various senior manage-
ment, engineering and product manage-
ment roles at the company’s Shenzhen,
Singapore, Oslo, and Austin sites. Daniel
has an MS in electrical engineering from
Stanford University and a BS in electrical
engineering from The University of Texas
at Austin, and holds four patents in radio
and low-power technology.
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More than Microchips—
How the Semiconductor
ndustry Keeps Evolving

Here’s a look at how the chip industry is ushering in a new era of tech-driven

economic growth.

ajor chipmak-

ers are gradu-

ally starting to

increase spending
on research and development. Accord-
ing to IC Insights, an industry market
research firm, this growth is expected to
continue into the early part of the next
decade. That’s a promising sign for the
tech sector. Semiconductor innovation
is an important precursor to broader
technological innovation, which tends
to occur in waves.

Moreover, a renewed focus on semi-
conductor R&D also bodes well for the
economy at large. The observation that
every company is now a tech company
has been a repeated ad infinitum since
at least 2013. But each year, this seems
to become a more accurate statement. In
nearly every industry, venerable incum-
bents have suddenly found themselves
competing with tech-driven disrup-
tors. It fuels sector-wide arms races, and
semiconductors are today’s big winners.

As more companies rely on technol-
ogy to enhance the production and
delivery of goods and services, the
importance of semiconductor innova-
tion continues to grow. Should innova-
tion come to a halt, the global economy
would inevitably falter. Fortunately,
chipmakers aren’t slowing down. The
chips they’re producing today—and the
software capabilities they have already
developed—will usher in a new era of
tech-driven economic growth.
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LOOKING TOWARD THE FUTURE

Semiconductor manufacturers live in
the future—they simply have no choice.
The typical manufacturing lifecycle takes
around two years. After a chip goes to a
vertical solution, it takes another year or
two of data collection to build the intel-
ligence required to deliver it to the mar-
ketplace. Four or five years might elapse
before a chip is fully ready for widespread
adoption.

The incredible technology powering
modern machines is a testament to the
industry’s foresight. If you want to see
the future, you should certainly work
with a semiconductor company. The 5G
revolution hasn’t truly arrived, yet chip-
makers are already thinking about the
next generation of 5G.

Based on my experience working with
chipmakers on both hardware design
and software integration, here are two
trends that will determine the industry’s
long-term direction:

1. Heightened Consolidation

Business-level consolidation is rife
among semiconductor companies.
We're not seeing as many acquisitions
as we did in 2015 or 2016, but reports on
industry merger and acquisition activi-
ties indicate that the total value of deals
completed over the past year are still sig-
nificantly higher than they were during
the beginning of the decade.

As the industry becomes increasingly
consolidated, chipmakers are placing
greater emphasis on focused integra-

tion and collaboration. A big part of that
involves integrating the various infor-
mation technology systems these com-
panies rely on to power the manufactur-
ing process. Moving forward, this will
likely become even more important.

2. Seamlessly Integrated Solutions

Another significant trend is a growing
demand from historical semiconductor
markets for a more integrated offering.
Five years ago (and before), manufac-
turers were almost entirely focused on
building microchips as components of
larger vertical-specific systems. Today,
technology companies expect chipmak-
ers to provide not only the underlying
hardware solution, but also fully inte-
grated software systems and business
intelligence capabilities to accompany
that hardware.

As tech companies continue to look to
chipmakers to provide more comprehen-
sive, integrated offerings, the industry’s
biggest players will continue to comple-
ment existing capabilities. Don’t expect
the acquisitions to come to a halt anytime
soon. The next evolution of the semicon-
ductor industry is just getting started. [l

REFERENCES

IC Insights: https://www.eetimes.com/semiconductor-
rd-spending-projected-to-rise/

Gartner: https://blogs.gartner.com/mark_raski-
no/2013/11/28/every-company-is-a-technology-
company-more-and-more-evidence/

Design and Reuse: https://www.design-reuse.com/
news/45433/2018-semiconductor-mergers-acqui-
sitions.html

PWC: https://www.strategyand.pwc.com/strate-
gythatworks/growth/semiconductorindustry

27


https://www.eetimes.com/semiconductor-rd-spending-projected-to-rise/
https://www.eetimes.com/semiconductor-rd-spending-projected-to-rise/
https://blogs.gartner.com/mark_raskino/2013/11/28/every-company-is-a-technology-company-more-and-more-evidence/
https://blogs.gartner.com/mark_raskino/2013/11/28/every-company-is-a-technology-company-more-and-more-evidence/
https://blogs.gartner.com/mark_raskino/2013/11/28/every-company-is-a-technology-company-more-and-more-evidence/
https://www.design-reuse.com/news/45433/2018-semiconductor-mergers-acquisitions.html
https://www.strategyand.pwc.com/strategythatworks/growth/semiconductorindustry
https://www.strategyand.pwc.com/strategythatworks/growth/semiconductorindustry
http://www.wipro.com
http://mwrf.com
https://www.design-reuse.com/news/45433/2018-semiconductor-mergers-acquisitions.html
https://www.design-reuse.com/news/45433/2018-semiconductor-mergers-acquisitions.html

Networking

NICOLE FAUBERT | Industry Solutions Marketing Director, Communication Solutions Group, Keysight Technologies

The Genb
Revolution

The move to 400-GbE speeds to meet 5G demands,
supported by next-gen computing standards like DDRS,
PCle 5.0, CCIX, and others, creates test challenges. To
keep pace, compliant software is needed.

onsumers demand more

and faster data. They no

longer tolerate even the

smallest delay to data
access. In some applications, such as
autonomous driving and medical IoT
devices, delayed communication can
lead to life-and-death situations. 5G’s
high-bandwidth and real-time capabili-
ties open the door to these and many
other new exciting applications. But the
core communication network and data
centers must be ready to support the
insatiable demand for data and ultra-
fast data-transfer rates.

Many data centers are currently at
maximum capacity with 100-Gigabit
Ethernet (GbE) speeds. Thus, data-center
networks need to move from 100- to 400-
GbE speeds to support the requirements
of emerging technologies. And faster net-
working speeds require faster memory
and faster serial bus communications.

In addition to moving to 400-GbE
speeds, data-center operators must
move to the next generation of high-
speed computing interfaces, such as
Peripheral Component Interconnect
Express (PCI Express or PCle) and
double-data-rate (DDR) memory. Data-
center operators also need to consider
new specialized interconnect technolo-
gies that offer alternatives to PCle.
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PCle expansion bus speeds will switch
from PCle 4.0 to PCle 5.0 to support
400-GbE speeds. The same is true for
memory, as DDR moves from DDR 4.0
to DDR 5.0. Increasing the speed of seri-
al data communications requires high-
speed precision testing at every level.
Testing at these faster speeds demands
full compliance testing to the latest stan-
dards.

Each generational change of high-
speed computing standards provides
new features and faster data-transfer
rates, creating new test challenges for
digital designers. The figure shows a
roadmap of high-speed computing
interface standards. The need to mea-
sure complex specifications complicates
the design and validation process and
requires a long learning curve for test
engineers. Since standards evolve quick-
ly from one generation to the next, test
engineers can save significant time and
get their designs to market faster using
test solutions that ensure full compli-
ance with industry standards.

DDRS5 DOUBLES DDR4’s DATA RATE
Each new generation of the DDR
synchronous dynamic random-access-
memory (SDRAM) standard delivers
substantial improvements over the pre-
vious generation, including increased

speeds, reduced footprint, and improved

power efficiency. DDR4 is designed
for the computing server industry and
supports data-transfer speeds up to 3.2
GT/s.

The Joint Electronic Devices Engi-
neering Council (JEDEC), the organiza-
tion that defines the DDR specifications,
is currently working on the next genera-
tion of DDR memory—DDR5—to fulfill
the need for faster data rates. DDR5 will
operate at up to 6.0 Gtransfers/s (GT/s)
or higher and will effectively double the
data rate of DDR4.

PCI EXPRESS EVOLVES TO PCle 5.0

Server speeds increased from 16 Gb/s
to over 30 Gb/s in about a year, and
future technologies will use PAM4 to
push data rates above 50 Gb/s to support
400 GbE in the data center. PCle 4.0,
with a data rate of 16 GT/s, is no longer
sufficient to support 400 GbE speeds.
As a result, the PCI Special Interest
Group (PCISIG), the standard body that
defines the PCI Express specifications,
has fast-tracked the development of the
PCle 5.0 standard, which is due for com-
pletion by the end of 2019. With a data
rate of 32 GT/s, PCle 5.0 provides twice
the throughput of PCle 4.0.

Emerging new standards offer alter-
natives to PCI. They include Open
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Coherent Accelerator Processor Inter-
face (OpenCAPI), Gen-Z, and Cache
Coherent Interconnect for Accelera-
tors (CCIX). These bus standards spe-
cialize in areas where PCle isn’t cus-
tomized.

OpenCAPI ACCELERATES
COMPUTING

OpenCAPI is an open, coherent,
high-performance bus standard that
accelerates computing through tighter
integration of different types of technol-
ogies, such as advanced memory, accel-
erators, networking, and storage, within
servers. The OpenCAPI standard,
defined by the OpenCAPI Consortium,
provides a 25-Gb/s data rate and aims
to improve server performance by mov-
ing computing power closer to the data.
OpenCAPI enables a very-low-laten-
cy interface between the CPU and an
attached device, removing bottlenecks
caused by I/O inefficiencies.

GEN-Z TARGETS MEMORY-TO-CPU
CONNECTIONS

Gen-Z, defined by the Gen-Z Con-
sortium, is an open interconnect stan-
dard optimized for storage technology
to increase the speed of memory-to-
CPU connections. Gen-Z version 1.0,
based on IEEE-802.3 physical-layer
specifications, provides 25-GT/s and
28-GT/s interconnect speeds and is
scalable to 112 GT/s and higher. Gen-Z
components use low-latency read and
write operations for direct data access
with minimal application or processor
involvement.

CCIX INCREASES DATA
THROUGHPUT

The principle behind CCIX, defined
by the CCIX Consortium, is to use the
PCle physical layer (PHY) but change
the function of the bus for increased
efficiency and faster speeds. The CCIX
standard currently supports data rates
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Shown is a roadmap of high-speed computing interface standards.

up to 25 Gb/s and is expected to extend
that to 40 Gb/s soon.

In addition to faster interconnect
speeds, CCIX enables cache coherency.
Cache coherency quickly propagates any
changes to data in one area of memory
to all other instances of the data stored
in different memory locations through-
out the entire system. For example, there
can be a copy of data in main memory
as well as one in the local cache of every
processor that has previously requested
the data. With cache coherency, CPUs
can communicate faster with the rest of
the system.

400 GbE INTRODUCES NEW TEST
CHALLENGES

The design of high-speed serial
data links becomes significantly more
complex as data rates increase—chan-
nel topologies become more diverse,
and the number of parameters tuned
for active components multiply. Signal
integrity at 400-GbE speeds is a criti-
cal challenge for high-speed computing
interface designers.

Design and simulation tools enable
the optimization of the transmit-
ter, receiver, and channel designs for
best performance and reliability at the
desired data rate. Such tools enable
designers to plan upfront to resolve

signal-integrity issues, ensure power
efficiency, and stay within tight error
margins before the first prototypes.

Test engineers must develop compre-
hensive test plans to ensure compliance
with industry standards and interop-
erability with devices from other ven-
dors. Testing next-generation standards
is particularly challenging when test
requirements differ drastically from one
generation to the next.

For example, the DDR5 standard spec-
ifies that test engineers need to test both
the transmitter and the receiver. Previous
DDR technologies required only trans-
mitter testing. Testing new interconnect
technologies, such as OpenCAPI, Gen-Z,
or CCIX, is equally challenging since test
engineers have never tested them before
and need to ramp up on test require-
ments and procedures.

Compliance test software developed
in accordance to industry standards
can reduce test time down from days or
weeks to hours. Industry-compliant test
solutions ensure that next-generation
devices comply with industry standards
and are interoperable with devices from
other vendors. Using fully compliant
test solutions, engineers can focus on
designing next-generation devices,
instead of learning the details of each
new standard. G
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Analysis of a 24- 1o
30-GHz Phased Array for
5G Applications (Part 2)

Wrapping up this two-part series examining 5G phased-array platform/wizard
development, the focus turns to the design and evaluation of a broadband planar

array.

ere, we'll begin by

exploring full-wave

simulation of the 5-x-

16 array shown in
Figure I of Part 1. The last resort is a
numerical simulation of the entire array
using commercial 3D full-wave soft-
ware, such as CST Microwave Studio
(MWS), ANSYS HFSS, COMSOL Mul-
tiphysics, EMPIRE XPU, etc. All data
can also be obtained via testing inside
the antenna range. Thus, we can gener-
ate an embedded database of 3D pat-
terns and scattering (S) or impedance
(Z/Y) matrices for each element in the
array.

This approach leads to an outcome
with a massive database (see footnote
I from Part 1) and assumes access to
high-performance computers. It’s desir-
able to implement parallel processing,
as well as GPU and cache accelerating.®
All of the numerical simulation data
that follows was obtained using CST
MWS.

We can start from the active directiv-
ity (in dBi) patterns of the elements that
belong to the 5-x-16 panel in Figure 1 of
Part 1. Remember that the term “active
impedance” means that a single array
element is driven while all others are
connected to dummy loads. The set of
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1. Shown are the active patterns of the 5-x-16 array in rectangular lattice at 24 GHz (top) and

30 GHz (bottom).

plots in Figures 1a and 1b illustrate the
patterns of all 80 elements split into the
row groups at 24 and 30 GHz, respec-
tively. The red dotted line depicts the
averaged pattern for each row.

For comparison purposes, the azi-
muthal cut of the pattern shown in

Figure 6 of Part 1 is marked by a blue
asterisk symbol. The green circular lines
reflect the azimuthal cut of the pattern
in Figure 9 of Part 1. Note that the lat-
ter is not an active pattern, since the
element and an infinite number of its
neighbors are uniformly driven.
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PATTERN ENVELOPES

As expected, in the +45-degree angu-
lar sector, the element patterns in the
rim and next-to-rim rows are practi-
cally identical. The set of curves titled
“Whole Array” (bottom right corner)
shows all 80 patterns being normalized
to their peak to demonstrate the shape
of the patterns and evaluate the array
beamsteering performance. The steep-
est pattern envelope at 24 GHz describes
the no-mutual-coupling element, while
the infinite-array element is closed in its
shape to the active pattern. In this case,
we can expect the overestimated scan
loss to be close to the theoretical level of
10 x log; o (co80can).

At 30 GHz, the infinite-array simula-
tion can be considered overoptimis-
tic. A closer look at the active patterns
reveals that the patterns are not only
different, but mainly asymmetrical
relative to 8 = 0. The expected conse-
quence is the slim asymmetry in scan
loss as the main beam is steered to
+escan or _escan-

25

. 24GHz

Peylstion sr2saz -

Furthermore, the beams slightly
squint to the right or left with the rip-
ples, droops, and overshoots on the
top. All such terminology is typical for
the analysis of a square-wave passing
low-band filter. This similarity is not
occasional because both the pattern and
signal envelope are formally defined
by similar-in-structure Fourier and so-
called Fourier-Floquet series.

The pattern envelopes can be
described by the set of spatial harmon-
ics, while the signal processing is based
on a similar series in the frequency
domain. This means that a finite peri-
odic array is somehow equivalent to a
low-band filter that “cuts off” the radia-
tion of high-order spatial harmonics
and keeps them nearby in the form of
reactive fields. Such an analogy not only
lets us control the numerical simulation
process, but often predicts its outcome
without any simulation.

The stem plots in Figure 2 reflect the
deviation of boresight active directivity
(two left plots) from the peak-versus-

1
=

element position in the array. Such dif-
ferences can reach —-2.5 dB at 24 GHz
and diminish to —0.8 dB at 30 GHz.
Finally, notice that the pattern varia-
tions are more noticeable at 24 GHz
near the lowest resonance because of
strong proximity coupling. The plots on
the right reveal that the phase of bore-
sight radiation slightly varies within a
few degrees. Therefore, to avoid antenna
performance degradation, an inter-
nal diagnostic and calibration system
should be implemented.

The graphs in Figures 3a and 3b dem-
onstrate the normalized-to-boresight
beamsteering up to 45 degrees in azi-
muth at 24 GHz and 30 GHz, respective-
ly. As predicted, there’s no grating lobe at
24 GHz. The full-wave simulation pro-
duces a scan loss of —2.02 dB, while the
no-mutual-coupling and infinite-array
approaches result in —4.5 dB and -1.5
dB, respectively.

At 30 GHz, the full-wave simulation
produces a scan loss of —4.0 dB. The
no-mutual-coupling and infinite-array
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2. The deviation of boresight active directivity and phase versus element index number are presented in these plots.
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approaches result in —2.83 dB and -1.5
dB, respectively. These last two results
are overly optimistic.

The same situation exists with respect
to predicting the grating lobe level. The
full-wave, no-mutual-coupling, and
infinite-array approaches predict —2.71
dB, —1.83 dB, and —8.67 dB, respectively,
relative to the peak at 0,,, = 45 degrees.
The infinite-array number is certainly
too good to believe. Therefore, the accu-
racy of the scan loss and grating-lobe
level should be verified via full-wave
simulation.

BORESIGHT RETURN LOSS AND
INPUT IMPEDANCE

Figure 4 depicts the return loss in dB of
all 80 elements driven uniformly in mag-
nitude and phase to form the boresight
beam. As predicted from the array sym-
metry, three sets of curves have compa-
rable frequency dependency: rows 1 and
5 (light blue oval) that mostly include the
rim elements, rows 2 and 4 (light green
oval) that mostly include the next-to-rim
elements, and row 3 (light red oval) that
includes the center elements.

The solid green line is shown for
comparison and reveals that disregard-
ing mutual coupling leads to incorrect
results. A much better method is the
infinite-array approach. As expected,
this curve closely follows only the cen-
ter elements, while purely reflecting the
frequency behavior of the rim and near-
rim elements. The enclosed Smith chart
reveals the input impedance (normal-
ized to 50 Q). This means that the con-
sistent model platform’s database should
include the digital images of a minimum
of three essential elements: one from the
rim, one from the next-to-rim, and the
last from the center elements.

FULL-WAVE SIMULATION OF
5-x-16 ARRAY WITH TRIANGULAR
LATTICE (FIG. 2 OF PART 1)

Readers can find more detailed data
regarding the 5-x-16 array-with-tri-
angular-lattice geometry by visiting
the website https://emfieldbook.com.
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Azimuth Scan Performance of Array 5x16, Frequency = 24GHz
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3. Normalized-to-boresight beamsteering performance is revealed at 24 GHz (top) and 30
GHz (bottom).
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4. This graph shows return loss and impedance of elements driven uniformly.
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Just several substantial results are pre-
sented. The active-pattern deviations
become more noticeable not only from
element to element, but from row to
row. The same is true for the active
return loss. Despite this, the input
impedances of the elements of the
boresight radiating array continue to
be well-collimated around the center
of Smith chart.

The grating lobe in Figure 5 drops
to —6.3 dB as the beam is steered to 45
degrees at 30 GHz. Though not a very
significant reduction, it is enough for
the scan loss to diminish to —2.83 dB.
This is primarily explained by the fact
that the element-active patterns become
slightly wider in a triangular lattice
versus the rectangular lattice. One can
notice the increase in side-lobe level
relative to the rectangular lattice. For
more details and comments, visit https://
emfieldbook.com.

or more
details and

comments, visit https://

emfieldbook.com.

CONCLUSIONS

Now, we possess all of the essential
information needed to compare the
results using different approaches: no-
mutual-coupling, infinite-array envi-
ronment, and full-wave CST simulation
of the array in a triangular and rectan-
gular lattice. All data concerning direc-
tivity, scan loss, and grating-lobe level
(column 4, after the slash symbol) are
summarized in the table. Referring to

Azmuth Scan Perfformance of Armay 5218, Frequency = 30GHz
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5. According to this normalized-to-boresight beamsteering performance result, the grating

lobe drops to —6.3 dB as the beam is steered to 45 degrees at 30 GHz.

the data from Figure 2, we can come to
these conclusions:

o Any model can be used to obtain
a practically correct estimation of
boresight directivity.

o A minimum of three different ele-
ments (rim, near-rim, and center)
must be considered to reach an
accurate scan-performance esti-
mation, especially for the wide-
band array at a higher end of the
frequency band.

o The scan and grating-lobe perfor-
mance of an array in triangular
lattice generally requires the full-
wave examination.

o Asarule of thumb, the scan loss/
input impedance versus frequen-
cy requires the full-wave analysis.
Some rough estimation might be
obtained using the infinite-array
environment model, but that
issue needs additional investiga-
tion. [

THIS WORK has been encouraged by
Victoria Pereira, president of Otava Inc.,
and partially funded by her company.
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A New Approach fo
Over-the-Air
Production Test

Noise sources and peak power meters are the key ingredients in a novel over-the-air
test methodology that’s faster and more cost-effective than current techniques.

pproximately 1.5 bil-

lion mobile phones are

sold each year—and

that quantity is expect-
ed to continue for the foreseeable future.
With such high volumes, it’s critical to
have fast, cost-effective production test
capability.

However, the technologies needed
to meet the requirements for 5G com-
munication systems are challenging
manufacturers like never before. 5G
devices are operating at higher frequen-
cies, which require smaller geometries
and incorporate even greater levels of
component integration, making it near-
ly impossible to utilize conducted RF

Reference
Antenna

Noise Source
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Anechoic
Material

testing in production. Add to this the
incorporation of increasingly sophisti-
cated multiple-input, multiple-output
(MIMO) technology and utilization of
beamsteering techniques, it’s clear that
over-the-air (OTA) testing has never
been more important. But historical
implementations of OTA testing are
complicated, expensive, and slow.

This article introduces a new
approach to OTA production test. It
utilizes a noise source to stimulate the
device under test (DUT) with a signal
that’s an accepted surrogate to a high
sub-carrier orthogonal-frequency-
division-multiplexed (OFDM) signal.
In addition, a peak power meter (or

Receive
Antennas

USB sensor) is used to more accurately
determine signal distortion caused by
amplifier compression. The result is a
new approach that’s faster, simpler, and
more cost-effective (Fig. 1).

CURRENT CHALLENGES
ASSOCIATED WITH OTATESTING

Traditionally, RF performance of
devices like mobile phones was opti-
mized using OTA and conducted tests
in the research-and-development
phase. When manufacturing these
devices, production was performed uti-
lizing primarily conducted RF testing
supplemented with offline OTA sample
testing.

1. This new approach to OTA production
test is quicker and simpler than other test
methods.

Peak Power Sensor
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However, as these devices move to
higher frequencies and greater levels of
integration, it may no longer be possible
to perform conducted measurements.
Couple this with the increasing perfor-
mance requirements on these devices
for 5G communications, such as more
sophisticated MIMO technology and
beamsteering to help meet the demand
for higher data rates, and all roads lead
to the need for OTA testing.

OTA METHODOLOGIES BEING
CONSIDERED

Starting with the distance at which the
measurements will be made, three OTA
techniques are being considered: direct
far field, indirect far field (using com-
pact ranges), and near field (utilizing a
near-field to far-field transformation).
The type of signals to be used must then
be determined.

For simpler applications, such as
characterizing a single-element anten-
na, vector network analyzers (VNAs)
have been the instruments of choice.
When more complex parameters must
be measured, instruments like vector
signal generators (VSGs) and vector
signal analyzers (VSAs) are often used.
For complete end-to-end analysis,
engineers generally turn to instruments
that can emulate a mobile phone or
base station.

In research-and-development appli-
cations, only a small amount of OTA
chambers is needed. Higher costs for
doing various tests can be tolerated.
The same can be said for traditional
offline performance verification.
Today’s challenge is that OTA must be
performed as part of the in-line manu-
facturing process.

TAKING MANUFACTURING OTA
TESTING ON A DIFFERENT PATH

A concept being explored involves
device manufacturers performing exten-

GO TO MWRF.COM

2. Noisecom’s NC1000 series of amplified
AWGN noise modules produce AWGN as
high as +13 dBm.

xtensive research has shown how a

noise source provides an excellent
signal to simulate the multi-tone signals
used in actual operation. When employing
noise sources like the Noisecom NC1000
series, manufacturers can provide a 100-
MHz additive white Gaussian noise (AWGN)
signal to stimulate their devices with a 5G
representative signal (Fig. 2).

sive testing in research and development
using the methods described. With a
thorough understanding of device per-
formance, they will only need to con-
duct performance verification OTA test-
ing in production. Moreover, they will
want to do it in the most cost-effective,
time-efficient, and simplest way.

Using a mobile phone or base-station
emulator is very expensive and time-
consuming. Using a VNA is still expen-
sive and only provides verification with
a continuous-wave (CW) signal, which
is not representative of the environment
that the devices will reside in. With 4G,
5G, and Wi-Fi 6 including thousands of
sub-carriers, a CW verification process
may not provide sufficient information
to correlate how the devices will func-
tion with a multi-tone signal. On top of

that, VNAs are complicated to use.

In the proposed new approach,
manufacturers would use noise sourc-
es to stimulate their devices. Exten-
sive research has shown how a noise
source provides an excellent signal to
simulate the multi-tone signals used
in actual operation. When employ-
ing noise sources like the Noisecom
NC1000 series, manufacturers can pro-
vide a 100-MHz additive white Gauss-
ian noise (AWGN) signal to stimulate
their devices with a 5G representative
signal (Fig. 2). These noise sources are
a fraction of the price of a VSG or radio
emulator, and they are very fast and
easy to use.

AWGN sources can generate broad-
band OFDM-like signals at a wide vari-
ety of frequencies, including millimeter-
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wave (mmWave) frequencies with MHz
to GHz signal bandwidths, much more
cost-effectively than alternatives. Crest
factors (peak-to-average powers) can be
generated and varied in excess of 10 dB,
and power levels can be varied for wide
dynamic ranges. With these capabili-
ties, noise sources are not only ideal for
stimulating devices, but also an excellent
tool for characterizing and calibrating
the system response within the anechoic
chamber used to make the OTA mea-
surements.

PEAK POWER MEASUREMENT IS
KEY

For the measurement, peak power
meters are proposed. The most com-
mon instruments for measuring RF
power are average power meters.
However, in this application, average
power measurements do not provide
a complete picture of the device per-
formance. Because the devices will be
used with multi-tone signals, the signal
will have a high crest factor: It’s not
uncommon for these signals to have
crest factors in the 10- to 15-dB range.

3. Boonton’s RTP5000 series of real-time
peak USB power sensors achieves up to
195-MHz VBW.

For this reason, it’s crucial that
a peak power meter be used—and it
must have sufficient video bandwidth
(VBW). The Boonton RTP5006 real-
time peak power meter offers up to

SUMMARY

With the sheer volume of wireless
devices like mobile phones being pro-
duced every year, fast and cost-effective
product test solutions are essential. The

raditional OTA testing approaches are too slow, expensive, and

complicated to implement. To overcome those issues, a new
approach to OTA test for manufacturing applications uses easy-to-use,
fast, and cost-effective noise sources and peak power USB sensors.

If a device is not behaving as intended,
an average power reading may not tell
the whole story.

For example, an average power mea-
surement may show that amplifier is
in compression by a small, tolerable
amount and would not reveal what’s
happening to peak power due to modu-
lation or intermodulation products. In
many instances, it’s possible to have less
than 0.1 dB of compression in average
power, while the crest factor compresses
by 1 dB or more. Compression of 0.1
dB may be tolerable, but perhaps not so
much with a value greater than 1 dB.
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195-MHz VBW, which is more than
sufficient to measure 100-MHz 5G
channels (Fig. 3). The next closest
competitor USB peak power meter has
30-MHz VBW.

Peak power meters are simple to use,
fast, and a fraction of the price of a VSA
or radio emulator. They also have much
lower measurement uncertainty than
analyzers and radio emulators. Multiple
sensors can be placed throughout the
OTA test chamber and synchronized
for measuring average and peak power
to characterize device beamsteering and
directivity performance.

movement to higher frequencies and
greater levels of integration coupled
with utilization of increasingly sophis-
ticated MIMO technology as well as
beamsteering techniques in 5G tech-
nologies mandates that OTA testing be
incorporated into the manufacturing
process.

Traditional OTA testing approaches
are too slow, expensive, and complicated
to implement. To overcome those issues,
a new approach to OTA test for manu-
facturing applications uses easy-to-use,
fast, and cost-effective noise sources and
peak power USB sensors. [l
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EMI Suppresion Shields:

Understanding
the Basics

With so many different magnetic materials to choose from, one must discern the
frequencies and noise levels where EMI problems are prevalent and deduce how the
materials’ parameters can impact noise suppression to comply with regulatory limits.

ou may have heard of

“EMI suppression” or

“RF antenna” sheets,

which are thin, flexible
magnetic shields. Maybe they have been
seen laying around the laboratory, typi-
cally black or gray in color, but some-
times they’re exotic and silver-looking
and appear to have come off the mys-
terious aircraft that crashed in Roswell,
New Mexico in 1947. You may have
physically touched them, and/or may-
be actually used them, but do we really
know how they work or if the best mate-
rial was used?

It all starts with magnetic materials.
Those thin, flexible magnetic sheets
are utilized in a variety of applications:
to suppress unwanted EMI signals (for
both radiated and susceptibility); for
magnetic-field (H) shaping and direc-
tionality in NFC and RFID applications;
to provide shielding and coil optimi-
zation in both magnetic induction and
magnetic resonance wireless power
applications; to lessen eddy-current
losses of other resonance applications;
to being used as an ESD protection
device; and more.

40

Many suppliers have various materi-
als documented by differing datasheets
and data curves. But without a deep
background in material science or vast
experience, choosing the right mate-
rial can become a challenge. Each appli-
cation may have a different set of key
parameters, e.g. which frequencies need
to be attenuated or which frequencies
need to have to the lowest losses?

Magnetic sheets come in metal pow-
der-, ferrite-, polymer- and metallized-
based materials with each supplier’s
material being unique. Each supplier
can also feature data of their materials’
strengths and target applications in a
variety of ways, thus leaving the intend-
ed user, at times, with many questions.

Magnetic shields are considered by
many as a “band-aid” for EMI suppres-
sion applications; that is, only used,
maybe temporarily as a quick fix when
all other solutions have been exhausted.
The fact is, there are times when tra-
ditional solutions don’t work or would
take too long to implement and that the
“band-aid” may be the most cost-effec-
tive solution. There are also applications
where magnetic shields must be used.

This article aims to help educate the
reader and make the selection process
easier and more efficient specifically for
EMI suppression issues (due to limited
space).

THE FUNDAMENTALS BEHIND IT

For EMI suppression (i.e. attenuating
unwanted signals as compared to NFC/
RFID applications where optimizing
wanted signals and frequencies is key),
the following equation can be used to
help understand:

w=p -y (1
where [’ is the material’s permeabil-
ity (hence related to inductance) and
p” is related to the material’s losses
(resistance) and is a result of frequency
and phase shift at the grain level of the
material. Over frequency, both of these
parameters may (will) change, depend-
ing on the material.

For EMI suppression applications:

i = higher yields lead to better shield-
ing performance through H field con-
tainment or absorption

1 = higher yields lead to better noise
suppression/attenuation through mate-
rial losses
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Permeability defines the ability of a
material to support the formation of a
magnetic field within itself and contain
magnetic flux. Therefore, containing
more magnetic flux enables the higher
@ material to keep more of the unwant-
ed radiated magnetic field within the
magnetic material and away from sen-
sitive areas. When p” is at higher val-
ues, a more resistive path is created for
any magnetic field passing through the
material, and it allows for the unwanted
magnetic field noise to be absorbed and
converted to heat. Each unique mate-
rial composition, density and inner
grain size and shape will impact both
W and W

The quality factor (Q) of the mate-
rial, a figure of merit that describes the
potential to store energy relative to the
loss within the material, is related to
both p’ and p’and is given by:

Q=wh” )

For EMI suppression applications,
one typically selects a low-Q material
that’s lossy at the problem frequencies
and thus increases the attenuation at
those frequencies. This contrasts with
NFC/RFID and other similar resonant
low-power communication systems,

where the emphasis is on increasing
Q. Therefore, it’s critical to obtain the
W, W curve to select the best material.
Examples of material curves are shown
in Figure 1.

As can be seen from these sets of
curves, the behavior of the materials
goes from low loss, high Q at the 1 MHz
range to high loss (1”), low Q (hence
high attenuation) starting in the 2- to
4-MHz range and continuing up to 2- to
3-GHz range. Usually, this broad spec-
trum of attenuation isn’t required; there-
fore, the user can focus on choosing the
best material at each individual problem
frequencies.

E & HFIELDS

Another key area are the impacts of
the magnetic (H) and electric (E) field
strengths. The magnetic field strength
for an inductor (a common EMI gen-
erator in switch-mode power supplies—
SMPS—and just one of many equations)
is given as:

H=NxI 3)
where N = the number of turns of the
coil pattern used within the power mag-
netics, and I = current through the coil
(A).

Frequency vs. Permeability
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1. The plots illustrate p’, p” curves for various materials.
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Typically, the number of turns within
an inductor isn’t provided by suppliers,
as is commonly done for transformers.
Thus, the user doesn’t always know the
true H field strength. For power appli-
cations that use higher currents, these
create both stronger predictable H fields
and stronger, potentially spurious H
fields. In turn, it creates more magnetic
flux (density given as “B” in a typical
B-H curve) subjected upon the mag-
netic shield.

The stronger the magnetic field, the
better the shielding needs to be. This
can be achieved by either increasing p’
in Equation 1 to contain more magnetic
flux or by increasing the physical thick-
ness of the magnetic shield. This rela-
tionship is given in the following figure
of merit:

Wt (4)
where |’ = permeability and t = thick-
ness of the magnetic sheet.

In Figure 1, the curve in red, labeled
as IFL16, which has the highest attenua-
tion, also possesses the highest permea-
bility (i’ = 220). This enables the materi-
al to better contain the flux energy. The
performance impact of shield thickness
is highlighted in Figures 2a and 2b.

In Figures 2a and 2b, “-200,” “-100,
“-050,” and “-025” are the respective
thicknesses in microns (um) so that, for
example, “-100” is 100-um thickness.
Additional thickness also means more
magnetic material mass is present and
can support higher levels of magnetic
flux. In certain EMI suppression appli-
cations, attention needs to be paid to
the magnetic-flux-density (Bs) value of
the material. One must ensure that the
magnetic material doesn’t saturate and
lose its shielding effectiveness through
diminished attenuation performance
and thus allow some level of the noise
energy to pass through.

For E fields, the electrical-field
strength can be specified as:

E=F/Q=kQ/D*=V/D (5)
where E = electric field (vector) strength
(N/Q); F = electric force (N); Q = vol-
ume of charge (C); k = electrostatic
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(coulomb) constant (8.99 x 10° Nm?/
C2); D = distance between charge source
and point of reference (m); and V = volt-
age (V) across distance (D).

It’s then apparent that the higher the
voltage, the stronger the electrical-field
strength. One of the key applications for
EMI suppression sheets is to reduce the
voltage induced on other components in
proximity to the voltage source.

Why two sets of attenuation curves in
Figures 2a and 2b? In applications where
one is trying to suppress (protect) noise
being generated from traces on a PCB,
FPC, ribbon cable, or other signal path
medium, magnetic sheets are applied
directly on top of these electrically con-
ductive paths.

The curves shown in Figure 2a are
measuring the impedance (/Z/) of the
transmission line. Since adding a mag-
netic shield increases the inductance
(L), the inductive reactance (X = 2nfL)
increases with frequency and becomes a
larger portion of the overall impedance.
Consequently, attenuation continues
to increase until the resonant frequen-
cy—between 1 and 2 GHz as shown
in Figure 2a for the red curve (labeled
IFL10M-200). This is an alternative
option to placing a choke inductor, fer-
rite bead, or line filter directly in the sig-
nal path, which adds direct-current (dc)
resistance that may not be desirable.

The proximity attenuation val-
ues shown in Figure 2b are those of
a “shield” application. The magnetic
sheets are used to block and/or absorb
unwanted EMI signals and provide iso-
lation. This approach doesn’t need to
be directly adjacent to the area needing
protection.

ABSORPTION VS. REFLECTION

When there are physical constraints
on the EMI suppression shield thick-
ness, one needs to decide whether to
sacrifice shielding performance (with
thinner shielding), consider other mate-
rials with better performance, or change
to a different shielding approach (e.g.,
using a metal cover to shield).
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2. Shown are curves for transmission attenuation (a) and proximity attenuation (b).

As addressed above, going with a
thinner shield will yield less attenuation
and allow for a higher level of the unde-
sired EMI noise to pass through. Is this
an issue? It depends on the frequency
and the level of noise energy. Attenuat-
ing a few more dB may be the difference
in passing regulatory limits versus non-
compliance.

Another problem with allowing more
noise energy to pass is if there’s metal on
the other side of the magnetic shield—
the energy can introduce eddy-current
losses on the metal surface and create
heat issues. This is particularly true for
SMPS power applications. These are not
only at the fundamental switching fre-
quencies and harmonics, but also at fre-
quencies orders of magnitude higher due
to FET (switch) turn ON/OFF ringing.

For newer power switch technolo-
gies used in much higher frequency and
voltage (and E field) applications (think

GaN and SiC switches), the potential
ringing is at a much higher level, and for
a longer period. When saturation isn’t
an issue, but higher attenuation is still
needed, then the designer would need
to focus more on higher loss material
(higher p”) rather than higher .

Frequency has a major impact on the
material to be used, and how it needs to
be used. In Figure 2b, all of the plotted
materials completely lose their attenua-
tion properties at or near 1 GHz. If the
EMI noise problem is above 1 GHz,
then the designer may be forced to use a
hybrid material or some other specialty
material just to achieve some attenua-
tion of the high-frequency noise. Below
1 GHz, the designer would need to look
at the data (or something similar) pro-
vided in Figures 1 and 2.

Cost also becomes an issue and
needs to be considered. Obviously, the
thicker the material, the higher the
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cost. This may also be the case when
going to a superior performing mate-
rial. High-end, exotic, hybrid materi-
als all demand a price premium. At
times, the user has no choice but to use
the best performing material and cost
becomes a lesser issue.

METAL CANS AND HYBRIDS

Alternative approaches are also a
possibility. Metal “cans” are a common
noise-suppression technique placed
over critical areas of a circuit board and/
or components with high EMI suscepti-
bility or those that may be the noise gen-
erator. Though some of the unwanted
noise is absorbed by the metal, a large
percentage is actually reflected; where
it goes from there requires a much more
thorough analysis (and article space) to
fully understand.

One major advantage of magnetic
sheets is that they actually absorb the
noise energy and remove it from the
circuit and/or environment in terms of
heat—something metal cans can’t do.
Therefore, for metal-can applications
that are put over internal noise generat-
ing components (radiated noise), add-
ing a magnetic EMI suppression on the
inside of the metal can further suppress-
es the EMI noise.

In some scenarios, there just isn’t
enough thickness available to attenu-
ate the EMI noise to the needed level
with just a magnetic shield. In those
cases, hybrid materials are a good
choice. These are magnetic sheets with
a metallized layer on the back side. This
approach yields two passes of the EMI
noise through the magnetic layer (inci-
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dent on the metal backing and then the
reflected signal). This has a doubling
effect on attenuation plus the advantage
of having a Faraday “cage” created by the
metal layer, which also adds to the atten-
uation. A metal can, plus ferrite layer is
shown in Figures 3a and 3.

In a typical SMPS, noise can be gen-
erated not only by the aforementioned
inductor and switches, but also the IC,
capacitors, and other circuit compo-
nents. With just a metal cover (can),
the noise energy generated is free to be
reflected off the metal and subsequently
re-introduced back into the circuitry,
and it can add to the original noise
source. Adding a magnetic shield to the
metal shield assists in completing a bet-
ter EMI suppression solution. In this
case, both @’ and p” need to be consid-
ered and will be dictated by magnetic
shield thickness.

There are cases when the individual
values of both p’ and p” for low-Q mate-
rial are important. One example is in

(a)

wireless magnetic-resonance applica-
tions where EMI suppression is required,
and stable inductance is critical. If a high
@ EMI suppression material is used to
achieve better shielding performance,
and is close the power coil, due to mag-
netic coupling, the permeability of
the shielding material can increase the
inductance value of the resonance coil.
As a result, it may shift the resonance
frequency and decrease performance. In
this scenario, having a low p’ value but a
much higher p” would be desired.

Another similar resonant power
application is when a metal enclosure
is used to prevent EMI emissions. If the
magnetic field (flux) goes into the metal,
this will cause a decrease of magnetic
flux lines in the field and decrease the
inductance, ultimately shifting the reso-
nance frequency higher. In this case, the
user should target a higher W’ material to
limit the impact on the desired magnetic
field and not attenuate this field via a
high p” value.

4. For testing, a Huawei P20 phone was used (a). The highlighted area shows the size and

location of the existing metal shield. A test area was then selected (b).
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REAL-WORLD APPLICATION

A Huawei P20 Pro handset was tested.
This handset incorporates a metal shield
that protects the address and data bus
lines controlling the phone’s display (Fig.
4a). The yellow outlined area shows the
size and location of the existing metal
shield.

A test area was selected (Fig. 4b) and
with the existing solution removed, a
baseline was established using a near-
field EMI tester. It was then compared
to:

o The existing solution

o A hybrid ferrite + copper solution

o A permalloy material ungrounded

solution

o A grounded permalloy material

solution

The measured E-field (dBuV) level
results are shown in Figures 5a through
Se.

From this data, a few key points
become evident. First, the magnetic
material does impact the measurable E
field value and, thus, attenuation lev-
el. Second, having a metal layer does
help attenuate the EMI noise whether
it’s with ferrite or permalloy magnetic
material. Finally, being able to ground
the shield further improves the shielding
performance.

The permalloy shields used in Fig-
ures 5d and 5e, were substantially thin-
ner, in the range of 20 pum, than all the
other approaches which were in the
50- to 100-pm range. Additionally, this
data is for a static frequency. When one
views the attenuation over frequency,
then it becomes even more obvious
that many factors impact EMI noise
suppression. Therefore, the choice
of the magnetic material needs to be
optimized for each unique application.
This is shown for the two permalloy
solutions in Figure 6.

In this specific case, the noise sup-
pression is greatly improved in the
55- to 80-MHz range. By simply
grounding the magnetic shield, there’s
roughly a 5-dBuV noise improvement
in this range. At the peak noise frequen-
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cy, around 22 MHz, there is a 2-dBuV
improvement. More steps should be
taken to improve on this if the compli-
ance standard requires additional atten-
uation. Not shown is that the no-shield
and existing-shield values of Figures 5a
and 5b had their 67.6 dBpV and 59.0
dBpV respective noise peaks also occur
at 22 MHz, which have been reduced

down to 52.9 dBuV utilizing a permalloy
material grounded shield.

TEMPERATURE IMPACT

Over temperature, the behavior of
the magnetic material may change. For
automotive, industrial, and other similar
high-temperature applications, special
consideration needs to be given to the
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5. Measured E-field level results are given for solutions with no shield (a), an existing shield

(b), ferrite and copper (c), permalloy with no ground (d), and permalloy with ground (e).
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6. Noise suppression results are given for permalloy material with and without grounding.
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#—— Insulating layer

~——— Conductive layer

(a)

]» Surface film

Magnetic sheet
Double-sided adhesive

+=——— Conductive layer
Surface film
Insulating layer

Magnetic sheet
~ Double-sided adhesive

(b)

7. To ensure no conductive surface is exposed, a non-conductive resin layer or alternative magnetic-shield layer stack-ups are often used.

Shown are an insulated top surface (a) and a conductive top surface (b).

magnetic shield’s properties. Three areas
of importance are ), Bs, and the Curie
temperature (Tc). @’ tends to slowly
increase with temperature. However,
the magnetic-flux-density value tends
to decrease with temperature, which will
impact how much magnetic flux can be
contained within the magnetic material.
If the Bs value is substantially reduced,
then EMI suppression performance will
be altered.

Tc can be critical if magnetic shields
are used in a high ambient environment.
The total shield temperature would be
the ambient plus self-temperature rise
due to absorption during attenuation. If
the Curie temperature is exceeded, the
magnetic properties of the material can
be permanently lost, and performance
will be severely affected.

Each material’s temperature depen-
dency is unique, and the user will need
to obtain attenuation versus tempera-
ture information for any magnetic-sheet
candidate based on the actual tempera-
ture environment. The user also needs
to ensure the material’s operating tem-
perature is high enough to ensure the
actual temperature doesn’t approach the
Curie temperature.

OTHER CONSIDERATIONS

Many times, designers prefer to put
the EMI suppression solution right
over or directly attached to some por-
tion of the circuitry. This has been a
“norm” for magnetic sheets as they’re
typically made of non-conductive
materials (e.g. ferrite) or have a non-
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conductive surface. With metal cans,
there has always been a clearly under-
stood “stay clear” area and height-
clearance requirement.

Now with specialty hybrid or metal-
lized magnetic sheets, the designer must
give attention to ensuring that electri-
cal shorts aren’t created by placing the
EMI suppression sheet, with its conduc-
tive surface, and bridging across various
components and causing failures. Many
suppliers will use a non-conductive
resin layer or offer alternative magnet-
ic-shield layer stack-ups to ensure no
conductive surface is exposed (Figs. 7a
and 7b).

If the designer needs to make elec-
trical contact to the shield, there is an
option for such an approach, especially
for grounding configurations. If the
shield is to be placed directly on top of
the components or placed on the bot-
tom side of a metal can, it may not have
enough clearance with an added EMI
suppression shield discussed above.
Thus, an insulted layer shield can be
used to provide protection.

CONCLUSION

Every application’s EMI issues can be
unique. What worked last time may not
work for the next design. With so many
different magnetic materials to choose
from, it’s paramount to understand the
frequencies and noise levels where EMI
problems are prevalent, as well as under-
stand how the materials’ parameters
can impact noise suppression to comply
with regulatory limits.

Key areas addressed were:

o Guidelines of choosing a lossy
material rather than high Q mate-
rial typically used for NFC/RFID
applications

o Both a material’s g’ and p” values
can be the key element in deter-
mining the right material.

o The impacts of shielding material,
thickness, and the addition of met-
allization layers

o In the real world example pro-
vided, it was shown that using a
ferrite + metal layer hybrid mate-
rial improves attenuation and even
more improvement can be realized
by grounding the shield.

o In general, having a metallized
layer will provide some level
of improved attenuation, and
becomes more beneficial as the
frequencies approach the GHz
range.

Permanent magnets, with their dc
magnetic flux, can pre-saturate thin
magnetic shields. Therefore, if the
end product contains them, they can
reduce performance if not kept some
distance away. Permittivity, an impor-
tant magnetic material parameter,
wasn't addressed due to this being more
critical for antenna performance rather
than EMI suppression, but still impacts
EMI shielding performance. The author
hopes that, as a minimum, the reader
now has a better understanding of mag-
netic material behavior and a better
starting point in combatting their EMI
woes. [l

JANUARY 2020 MICROWAVES & RF



Product Feature
WILLAM WONG | Senior Editor

Building Custom Chips
Just GGot Easier

zGlue’s ChipBuilder Pro lets designers create chips using its 2.5D chiplet Smart Fabric.

Bluetooth
Memory T

Light
Temperature Diectior

Glue’s 2.5D chiplet
Smart Fabric platform
(Fig. 1) builds chips out
of chiplets that are con-
nected with a silicon interposer layer,
very similar to a chip-based printed cir-
cuit board. The chiplets are functional
blocks like processors and peripherals
typically found in a custom chip or in
discrete components. A zGlue-based
chip has the advantages of tight inte-
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1. zGlue’s Smart Fabric silicon interposer technology allows chiplets

to be mounted within a chip to deliver compact, custom chips.

GO TO MWRF.COM

eration

Processor Al And More

NFG ~

Hurmnidity

Gesture

gration, small packaging, and power
efficiency of an ASIC, but with signifi-
cantly less cost. This makes it practical
for smaller runs as well as creating more
customized solutions quickly.
ChipBuilder Pro (Fig. 2) is the latest
tool being shown at this year’s Consum-
er Electronics Show, where the prod-
uct was a CES 2020 Innovation Awards
Honoree. The visual zGlue Integrated
Platform (ZIP) allows developers to

g W SR

designing with chiplets.

select from 1500 chiplets to include in
their designs. This includes chiplets like
Cypress Semiconductor’s PSoC and Wi-
Fi chiplets. Custom chiplets can be add-
ed to the list by working with zGlue. The
zGlue ChipletStore also has 60 Quick-
start Templates. The software provides
design and release management plus
versioning support.

zGlue sells the ChipBuilder Pro and
provides the ChipBuilder 3.0 Com-
munity Edition for free. ChipBuilder
Pro has a yearly subscription price of
$25,000 that includes 10 chips of one
new design every year. An additional
100 chips run $25,000.

The yearly subscription includes 40
hours of engineering support as well as
parasitic net extraction and system ver-
ification. Security features include IP
protection and visibility into account
activity. This approach also supports
system reconfiguration during the
hardware debug process. As a result,
developers can fix bugs without the
need for remanufacturing. [

2. ChipBuilder Pro provides an easy-to-use, visual interface for
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Technology Forecast
PATRICK WORFOLK | CTO, Synaptics

4 Predictions for the First Year
of the Ambient Compuhng

Decade

In 2020, key technology
building blocks in ambient
computing will be ready
for broader adoption

and start to appear in
consumer products.

traddling the border

between two decades, it’s

now clear that the most

impactful technological
development of the past 10 years was
the evolution of the smartphone into the
most widely used computing platform
in the world. Looking forward, the next
decade will be marked by ubiquitous
ambient computing, with sensors, dis-
plays, processors, and communications
capabilities embedded throughout the
physical environment.

In 2020, a couple of technologies that
are essential building blocks in ambi-
ent computing will be ready for broader
adoption and will start popping up in
consumer products. Here are the four
emerging developments I think will
have the biggest impact:

1. Edge processors with artificial-
intelligence engines

Putting processors with powerful
neural-network compute accelerators in
smart speakers, smart displays, security
cameras, and other Internet of Things
(IoT) devices will make them faster,
more reliable, and more private. Right
now, if you ask Alexa to turn on the liv-
ing-room lamp, the trigger word will be
detected in your device and then your
voice will be streamed to a data center
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in the cloud for speech recognition and

interpretation. Subsequently, a message
is typically sent to a second cloud facility
that will communicate instructions back
to the lightbulb.

New, efficient neural-network com-
pute technology and new methods to
compress hugely complex neural net-
works will give these devices the power
to recognize speech, interpret images,
and identify patterns without sending
data to the cloud. Thus, video and audio
of every intimate moment at your home
will stay in your home, rather than being
transmitted to an unknown data center
in the cloud.

Many high-end smartphones already
contain chips with specialized circuitry
to efficiently process the huge compu-
tations required for computing using
neural-network algorithms. Advances
in this technology now allow it to be
implemented in processors that are eco-
nomical to deploy in devices that retail
for less than $100.

2. Perception through computer
vision

Thanks to the combination of low-
cost, high-performance image sen-

sors and advances in computer vision
through the use of deep-learning algo-
rithms, a multitude of devices now can
interpret images, not just capture them.
Your doorbell will have different sounds
for your neighbor, the UPS carrier, and a
stranger, as well as recognizing different
vehicles in your driveway.

Instead of simply receiving a stream of
motion events that may or may not con-
tain anything interesting, you will only
get notified when a meaningful event
occurs. Furthermore, the Al engine
technology previously mentioned will
allow these compute-vision algorithms
to be run in edge devices, maintaining
your privacy while perceiving the world
around them.

In addition to working on live camera
streams, computer-vision technology
can be applied to video. Your streaming
video box will be able to skip or select
scenes based on their content. Imagine,
for example, watching the highlights of a
baseball game using a computer-vision
system that zooms past everything but
plays where the ball is hit. Alternatively,
perhaps you want to just watch clips
of the game that include your favorite
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Ambient Computing

player. Your smart video device will be
able to create an endless assortment of
personalized, individual highlight reels.
3. Proactive interaction with devices
Today, to interact with a smart device,
you need to wake it and issue an explicit
command. “Hey Siri, show me the video
from the baby monitor” Increasingly, the

technology will be able to take the initia-
tive, handling some tasks automatically
and alerting you only when necessary.
You won’t have to check on the baby
every 10 minutes; the computer-vision
system will notify you if she wakes up.
Your tea kettle might notice a pattern
when you come home from work and
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ask you, “Would you like to heat water
every weekday afternoon when the
garage door is opened?” These proactive
capabilities are enabled by advances in
computer vision and the ability to run
the algorithms in the edge devices.

4. Ambient computing at work

Most of the innovation in the IoT has
been around the development of smart-
home devices. Workplaces already have
security, communications, and comput-
ing infrastructures, using older genera-
tions of technology. This year expect to
see more companies deploying sensor,
voice interface, and edge processing
technology to embed connected intel-
ligence into the physical environment of
their offices.

Think about the time youd save if you
didn’t have to set up the slides and video
conference for a presentation. As soon
as you walked into the meeting room,
your face will be recognized, the peo-
ple on the invite list will be connected,
and your presentation will appear on
the screen. If you need to change some-
thing, just ask. “Office assistant, connect
to Chris in accounting and bring up the
third-quarter sales projection”

In 2010, you could already see the
rapid evolution of smartphones with
touchscreen interfaces, selfie and world-
facing cameras, and always-connected
data. Nevertheless, few could imagine all
of the ways those technologies would be
woven together and applied. This leads
me to one final prediction: Prepare to be
surprised by what the IoT does for you
over the next year.

We’re at an exciting point in time
when lower costs and higher perfor-
mance enable widespread deploy-
ment of smart connected sensors and
interface devices. We're also learning
a great deal about how to build useful
applications, many employing artifi-
cial intelligence, that take advantage of
these technologies. As much as these
four developments are going to impress
people in 2020, remember that the
decade of ambient computing is only
just beginning. TN
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Q&A
CHRIS DeMARTINO | Contributing Editor

Model Your Way to

Project-Level S

UCCESS

In this Q&A, Rick Gentile from MathWorks discusses his goal for his current blog
series along with topics like hybrid beamforming and RF and antenna modeling.

Many have already seen your name
thanks to the Algorithms to Antenna
blogs. What do you want readers to
gain from them?

MATLAB and Simulink are used by
a large and diverse customer base. As
a result, we see firsthand how much
modeling improves the likelihood of
project-level success, especially as sys-
tem complexity increases. 5G, radar, and
electronic-warfare (EW) systems span
multiple signal domains, so many tech-
nical disciplines must come together to
design and field a system.

We see areas where the 5G commu-
nity leverages phased-array antenna,
RF, and signal-processing technol-
ogy previously developed for aerospace

GO TO MWRF.COM

and defense applications. We also see
the convergence of applications in the
form of multifunction RF apertures,
where the system alternates between
surveillance, communications, interfer-
ence management, and even weather-
related functions. With the availability
of commercial software-defined radios
and radars, the number of applications
continues to grow rapidly. This means
new communications and radar engi-
neers enter the field and need to ramp
up quickly.

Each of these trends adds complexity
to new projects. Our goal with the blog
series is to share examples and tech-
niques where simulation can be applied
to reduce risk. Hopefully, readers gain

insights into the full signal chain at the
early phases of development where they
have the greatest flexibility to make the
most intelligent design choices. They
also can gain confidence in their design
before they field it.

Can you tell us some of the ways that
MathWorks (www.mathworks.com)
supports the needs of both commer-
cial wireless and aerospace/defense
applications?

There’s a great mix of wireless and aero-
space/defense engineers that use our plat-
form products, MATLAB and Simulink,
as the basis for simulation. We have con-
tinued to expand the number of focused
tools that are application-specific.
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For example, in wireless, this includes
products that are focused on 5G along
with other standards-based wireless. In
addition, we have built up specific tools
that focus on each part of the system.
This has also helped to bring large devel-
opment teams together. For example, the
RF and antenna engineers on a project
can integrate with their signal-process-
ing and system-level colleagues.

We also support smaller teams by
enabling broader workflows. This could
be where system engineers can get an
idea of how changes in subsystems
impact overall performance. It also can
be helpful for engineers responsible for
a specific subsystem to see how design
choices impact other subsystems. We
have connected workflows across the
different technical disciplines, too. This
helps downstream when systems are
integrated.

The other good news is that with the
advent of the multifunction RF aperture,
technology cross-pollination across
industries is accelerated. In addition, we
continue to expand our modeling capa-
bilities so that different levels of abstrac-
tion can be used depending on what’s
needed during specific project phases.
As projects mature, higher-fidelity capa-
bilities can be applied when they make
the most sense.

The 5G Toolbox was launched last
year. What’s been the reception to
that?

The reception has been very positive.
It’s been great to see such a rapid adop-
tion of a new product. It really speaks to
the timeliness of having the 5G Toolbox
so close to the standard approval.

We see two main areas of adoption:
teams that want to ramp up on the
standard quickly and teams that are
already experts but need a framework
to develop algorithms on. One very well
received aspect of 5G Toolbox is that it’s
all written in MATLAB. Anyone that has
the toolbox also has the code for all of
the algorithms and building blocks. This
gives our customers great insight into all
aspects of 5G.

You’ve spoken a great deal about
hybrid beamforming. Why is this sig-
nificant?

It's been a popular topic from our cus-
tomers. We receive a lot of requests to
help with system modeling and more
specifically system-level partitioning. It’s
one of the areas in a large system where
the disciplines meet. Antenna array
meets RF chain meets signal processing.
The results of making the right archi-
tectural choices in this area translate to
lower system cost and at required perfor-

mance levels. Even as systems evolve to
fully digital beamforming, this is an area
that continues to be of high interest.

In the early part of 2020, we will
include several new blog posts on inte-
grating higher-fidelity models for anten-
na elements and RF components, along
with 5G waveforms.

Can you explain how MathWorks
is diving deeper into RF and antenna
modeling?

We have continued to expand our
antenna and RF modeling to respond to
customer requirements. This includes
more complex antenna designs and
structures. It also includes support for
more RF analysis and architectures. Our
RF and antenna element libraries con-
tinue to grow. It’s easy to solve for your
own structures as well.

With our RF and antenna tools, we
always try to help customers balance
options for fidelity with simulation
time. The other area we spend a lot of
time thinking about is ease of use. This
is helpful to seasoned veterans in the
field, but it’s also great for others get-
ting started or expanding their work
focus. Finally, as I mentioned earlier, we
ensure that the results of RF and antenna
modeling can be directly integrated into
system-level models. Il

Quad Down Converter for EW, SIGINT, ECM

8.5” x 5.5 x 0.5"

cenneeenssUltra Fast Tuning

Four Matched Down Converters
2-18 GHz / 6-18 GHz
1-2 GHz Real Time BW
Submicro Tuning Speed
High Dynamic Range
VPX or Ruggedized Module

Contact: sales@fei-elcomtech.com 201-767-8030 ext 280

&\FR FEI-Elcom Tech
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New Products

Smart Transceiver Supports New Protocols

THE FT 6050 smart transceiver system-on-chip from Adesto is designed

A S to help consolidate smart control networks. It includes a quad-core
Pt processor that accepts a 10-MHz input clock and can be configured
I A ot to run at 5 to 80 MHz. On-chip memory includes 64 kB of RAM and 16

kB of ROM. There’s support for 254 network variables and 127 aliases,
along with 254 address table entries. New protocol support for the FT
6050 includes native BACnet and LON router and network managers.
Additional support for open-system products includes izoT Net Server,

a platform for creating and managing devices, and izoT Commissioning
Tool, a front-end graphical user interface. Overall, compatibility is possible
with thousands of LON and BACnet devices, in addition to IP access to
any FT 6050-based device.

ADESTO TECHNOLOGIES, 3600 Peterson Way, Santa Clara, CA 95054;
(408) 400-0578; www.adestotech.com

3U VPX Dual RF Transceiver Delivers 70-MHz to 6-GHzTDD, FDD

VADATECH’S VPX571 DUAL RF agile transceiver is based around the AD9364
from Analog Devices and Xilinx’s UltraScale+ ZCXU15EG MPSoC. As a result,
the module supports time division duplexing (TDD) and frequency division
duplexing (FDD) from 70 MHz to 6 GHz and channel bandwidths from 200
kHz to 56 MHz. The module includes a 64-bit-wide DDR4 memory
channel for supporting large datasets. The Xilinx FPGA features

3528 DSP slices and 746k logic cells. It also houses a quad-core
Arm application processor, dual-core Arm real-time processor,

Mali graphics processor unit, as well as block RAM and UltraRAM.
Onboard memory includes 64 GB of flash, 128 MB of boot flash,

and a slot for an SD card connection. For interfacing, the module has
options for SERDES, dual GbE, and eight LVDS connections.

VADATECH, 198 N. Gibson Rd., Henderson, NV 89014; (702) 896-3337;
www.vadatech.com

At o

Prototyping for Cellular loT with the *Thingy:91”

NORDIC SEMICONDUCTOR'S THINGY:91 prototyping platform
targets cellular loT applications. It's powered from a 1440-mAh Li-ion
battery that’s rechargeable through an onboard USB connector.

The heart of the board is an nRF9160 system-in-package (SiP) that
incorporates an Arm Cortex-M33 application processor, an LTE
modem, GPS, and an RF front-end system. In addition, the platform

is certified for global low-power, long-range LTE-M/NB-IoT use, which
allows developers to operate worry-free throughout many of the world’s
frequency bands. A major feature of the development board is the wide
array of sensors available, including temperature, humidity, air quality,
air pressure, color and light, and G-force accelerometers. The kit comes
preloaded with application tracking software.

NORDIC SEMICONDUCTOR, Karenslyst Allé 5, 0278 Oslo, Norway; phone: +47 22 54 84 60; www.nordicsemi.com
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K/Ka-Band Transceiver Built for Satellites

g

modulations.

ARRALIS ANNOUNCED THE launch of a new K/Ka-band transceiver
for satellite applications. The LE-KaTR-102 transceiver is a fully
populated PCB designed to fit within a 1U CubeSat profile (100 x 100
x 100 mm). Frequency coverage will include 27 to 30.5 GHz for uplink
communications and 17 to 21.2 GHz for downlink communications.
The design is based off the company’s Leonis plug-and-play chipsets.
The chipset includes a 17- to 21-GHz transmitter, 27- to 31-GHz
receiver, phase-locked loop (PLL), and 24-GHz VCO. The devices
feature direct IQ inputs and outputs to support high-data-rate complex

ARRALIS LTD., Tierney Building UL, Castletroy, Limerick, Ireland; phone: +353 61 748 264; www.arralis.com

Multi-Radio Mezzanine Cards Handle Multiple Access Points

THE GATEWORKS NEWPORT GW640x and GW630x are single-board computers (SBCs) designed to implement
multiple radio access points. The boards can support three Mini-PCle radios individually and up to 21 additional
Mini-PCle-based radios via a PCle expansion connector. This is also made possible thanks to the integrated
Octeon Tx SoC, which features an ARMv8 core that’s capable of processing up to 11 million packets per second.
Applications that can benefit from its use include dual-band Wi-Fi with additional frequency band support, Wi-Fi
monitor and sniffer applications covering simultaneous channels, mesh networks, and other networks that integrate

several wireless technologies.

GATEWORKS CORP., 3026 South Higuera St., San Luis Obispo, CA 93401; +1 805-781-2000; www.gateworks.com

5G 2020 Forecast

(Continued from page 19)

However, technical issues must
be considered in the utilization of
mmWave. For example, mmWave fre-
quencies travel relatively small distances
and don't easily penetrate obstacles such
as walls. Plus, they consume a consider-
able amount of transmit power, provid-
ing additional challenges for battery-
operated devices. Even the sub-6-GHz
versions have technical issues in that the
5@ target “air time” latency is 1 to 4 ms.

Unfortunately, the equipment cur-
rently shipping (2019) is testing at 8- to
12-ms latency. Some providers report
that the latency is really around 30 ms
when the server latency is added to the
“air time” latency, leaving mmWave-
compatible products to still be devel-
oped.

Given the evolving standards and
the technical questions surround-
ing mmWave (and even sub-6-GHz),
what’s the status of the chipsets/compo-

GO TO MWRF.COM

nents required to build a 5G product?
As expected, the typical RF component
suppliers are all providing 5G solutions:
Avago/Broadcom, Huawei, MediaTek,
Murata/pSemi (previously known as
Peregrine), Qualcomm, Qorvo, Sam-
sung, and Skyworks. However, as of this
writing, they all appear to be providing
components that focus only(?) on the
sub-6-GHz frequency bands.

The geopolitical situation relative to
5G also adds confusion to the 5G time-
line. Some countries have totally accept-
ed 5@, its standards, and its implement-
ers. Other counties haven't accepted the
5G standards and/or the implementers,
while others are still in the “deciding”
stage. It could be interesting “driving”
your autonomous vehicle from a coun-
try that supports 5G to one that doesn’t
support all providers.

Several 5G market analyzers place the
current worldwide market at approxi-

mately $40B (USD) and growing by a
57% CAGR to over $1T (USD) by 2025.
With the standards still evolving, what
are the likely changes that will occur by
20252

So, when would you be willing to
spend £1,000 dollars for a 5G ONLY
smartphone or commit your manufac-
turing floor to 5G mmWave connectiv-
ity? 20207

Would you like to see what compo-
nents are shipping in the current set of
5G devices? Are those devices really
using 5G or falling back to 4G/LTE?

What 5G stocks would you like to
invest in? What would “Motley Fool”
recommend? G

TED SCARDAMALIA’S  background
ranges from being a Senior Manager in
a Fortune 50 company to raising $15.6M
in Venture Capital for an eight-person
startup.
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Ultra high bandwidth Payload
& RF Multipath Link Emulator

Just released ...

Sophisticated high bandwidth (up to
600MHz) emulation of physical layer
RF link effects channel modeling (delay,
Doppler, AWGN, Multipath) and hard-
ware in the loop impairments modeling
(programmable Group delay, Phase noise,
gain/compression distortion and non-lin-
earity AM/AM, AM/PM simulation etc.

Comprehensive range of instruments frorp
72 MHz to 600 MHz bandwidth with\a

wide RF frequency tuning range.

Contact dBm for specifications, pricing
information and demonstration/evaluation

units.

Amplifier Characteristics

RF Test Equipment for Wireless Communications

email: info@dbmcorp.com

4
*
L 4
L 4

-

RF physical layer Link emulation
Point to Point UHF/VHF radio testing
Real time control for Arial Vehicle (UAV) testing

Payload and ground station emulation

Multipath, 12 paths @ 600MHz BW

?.
|

agnitude in dB

illlIIICorp, Inc

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

www.dbmcorp.com
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lue Chip
erformers

Exceptionally high Q, low DCR and a wide range of
inductance values make our wirewound chip inductors a sure bet!

Engineers love our high-performance,
low-cost, wirewound ceramic chip inductors;
considered by most to be the best perform-
ing wirewounds available.

For example, our 0201HL Series is offered
in seven inductance values ranging from
22 to 51 nH - the highest currently offered
in an 0201 (0603) package — making them
ideal for impedance matching in 700 MHz
band LTE and 5G applications.

/

Our 0402DC and 0805HP Series provide
the industry’s highest Q factors in their
respective sizes for super low loss in high
frequency circuits. And the 0402DC Series
offers 112 values from 0.8 to 120 nH, includ-
ing 0.1 nH increments from 2.8 to 10 nH.

Find out why our customers are so
bullish on our wirewound ceramic chip
inductors. Order your free samples today at
www.coilcraft.com.

®

(] ., '\.E/Eoilcruﬁdirectcom

)
WWW.COILCRAFT.COM

o min order. Next day delivery.
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