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WE'VE BEEN PROVIDING MEASUREMENT INSIGHTS FOR 75 YEARS.
AND THAT'S JUST THE BEGINNING.

The company shaped by William Hewlett and Dave Packard in 1939 and
championed through Agilent’s Electronic Measurement Group is becoming
a new stand-alone company.

Of course as our customer, you've always been a priority. Today you become
an imperative. Because we never forget that our success depends on your
success, and your ability to unlock insights.

To do this, our mission is clear. We must deliver for you. \We must provide
insights for you. That's why we're focusing all of our experience, all of our

energy on what's next in test and measurement.

Our new name is Keysight Technologies. And our focus is unlocking test
and measurement insights for you.

Sincerely,

=

Ron Nersesian, CEO

www.keysight.com
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MORE THAN 450 MILLION
PHOTOS ARE UPLOADED FROM
SMARTPHONES EVERY DAY
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Get the storage built for
mobile lifestyles.

People are taking more photos with their smartphones than ever before. Photo app
usage is skyrocketing. And the need for storage has never been greater. That’s why
for 25 years, SanDisk has been expanding the possibilities of storage and enabling
companies to create visionary products. sandisk.com/storage

Source: Cooper Smith, Business Insider, November 2013. © SanDisk Corporation 2014 S aID ].Sl {
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Clearly Better Voice Quality.
Anytime. Anywhere.

Cirrus Logic Voice Processors — Featuring SoundClear®:
Noise Never Sounded So Quiet

The ultra low power CS48LV12/13 voice processors from Cirrus Logic integrate SoundClear® technology to
elevate the user experience and improve voice recognition accuracy in smartphones, tablets and wearables.
= Anytime/anywhere phone conversations

Accurate, reliable speech recognition

“Always on” voice command and longer battery life - M

Hear the SoundClear advantage at www.cirrus.com/edaudio
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© 2014 Cirrus Logic, Inc. All rights reserved.
CIRRUS LOGIC

Cirrus Logic, Cirrus, the Cirrus Logic logo designs,
SoundClear and the SoundClear logo design
are trademarks of Cirrus Logic, Inc. ED04032014
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"l find all of the right parts & solutions
in one place — to get my design to
market faster.

It's great to be an engineer."

ENGINEERS
START HERE.

Research. Design. Prototype.

From data sheets to development kits & tools to components, m0|ex
Newark element14 offers what you need for every stage of your Featured product:
design. newark.com | 800.463.9275 Mega-Fit Power Connector
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http://newark.com
https://twitter.com/OfficialNIGP
http://www.linkedin.com/groups/element14-1983442
https://twitter.com/element14
http://www.youtube.com/element14
https://plus.google.com/+element14/posts

Select The Best MOSFET Pair to
Meet Your Power Density Needs

Scalable Solutions for DC-DC Buck Converters

The IR Advantage
BV RDS(nn) Max. O'G A
Part Number (V")SS Function Package Vv =10V V=45V * Optimized Sync and Control MOSFETS for
(mQ) (nC) high system efficiency

3  High light-load efficiency
IRFH5306 30 Control High Current PQFN 5 x 6 8.1 7.8
e Improved thermal performance with
IRFH5302 30 Sync High Current PQFN 5 x 6 2.1 29 . p ® [ p ]
DirectFET® top-side cooling
IRFHM831 30 Control PQFN 3x3 7.8 7.3 . .
e Scalable solutions for different power
IRFHMB830 30 Sync PQFN 3x3 3.8 15 density requirements
IRFHM830D 30 Sync PQFN 3x3 43 13 e Benchmark perfgrmance
- Control | Haif_Bridge Asymmetric i B9 * Wide range of packages
il % POFN 5x6
Sync X 30 34
IRLR8729 30 Control D-Pak 8.9 10
IRLR8726 30 Sync D-Pak 58 15 Your FIRST CHO|CE
IRF8714 30 Control $0-8 87 8.1 for Performance
IRF8734 30 Sync S0-8 35 20
Control _Bri i 15.5 5.7
IRF8513 30 Half-Bridge Asymmetric
Sync S0-8 127 76
for more information call 1.800.981.8699 or visit us at www.irf.com | : |
nfernationa
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20 THESE ROBOTS ARE NO DANGER,
WILL ROBINSON

As robots move off the factory floor and into
our streets and hallways, designers are using
hardware and software safety features alike
to minimize potential accidents and injuries.

28 THE CONNECTED WORLD AWAITS

Beyond computers and smartphones, loT and
M2M technologies promise devices that talk
to their users and to each other.

38 SCOPES MOVE INTO A MORE
INTELLIGENT FUTURE

The basic bench oscilloscope’s days are

numbered as new devices integrate adapt-

able and easy-to-use functionality that used NEWS & ANALYSIS
to require multiple tools. 16 SMART GRID NEIGHBORHOOD-
, AREA NETWORK STANDARD
50 DARPA'S GILL PRATT EXPLAINS CHARGES AHEAD
COMPLIANT ACTUATORS FOR 18 BATTERY BETTER POWERS TINY
ROBOﬂC DESIGN FISH TRACKERS
Series elastic actuators have spurred a
revolution in robotic design and electronics,
providing high-fidelity force actuation at a
low cost.
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13 EDITORIAL
What's All This About
Contributed Articles?

14 LET’S CONNECT
The loT Prepares To Tackle

Global Problems
! ;O 64 LAB BENCH
Hard-Core FPGA Provides
A Flexible Development Target

EDITORIAL MISSION:

To provide the most current, accurate, and in-depth technical
coverage of the key emerging technologies that engineers need
to design tomorrow’s products today.

ELECTRONIC DESIGN (ISSN 0013-4872) is published monthly by Penton Media Inc., 9800 Metcalf Ave., Overland Park, KS 66212-2216. Paid
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Box 25542, London, ON N6C 6B2.
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Agilent’s Electronic Measurement Group is becoming Keysight Technologies.
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fufyﬁr‘sure your instruments
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Are your measurements what you expect?
Find out at www.agilent.com/find/checkthecal

u.s. 1-800-829-4444 canada: 1-877-894-4414

Agilent Technologies
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48 DIGITAL POWER MARKET ON THE RISE

DESIGN SOLUTION
53 WIRELESS VIBRATION SENSORS

ENABLE CONTINUOUS AND
RELIABLE MONITORING

Before you install a wireless sensor
network, though, take note of 10 factors

that will affect your data collection
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MODERN DESIGNTOOLS
MEASURE THE INVISIBLE
AND MAKE CIRCUITS SAFER

Proper system design and calibration will ensure accurate
voltage measurement, and that is important for safety.
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PAUL WHYTOCK  The Day 4231 Univited

ELECTRONIC DESIGN | | & E-mails Invaded My
EUROPE iPhone
DON TUITE  Engineers Who Write?
ANALOG/POWER (For A Living)
LOUIS FRENZEL « How To Kill A
COMMUNICATIONS Transformer

BILL WONG 1| « Pompeii, History,

EMBEDDED/SYSTEMS/ And A Dream
SOFTWARE

join us online EAE1

design.com

Some types of systems benefit from power-management blocks
capable of bi-directional power flow.
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3D PRINTING MATERIALS
OFFER PROTOTYPING OPTIONS

An assortment of new materials from LulzBot
for desktop 3D printers can aid in on-demand
creation.

WEARABLE TECHNOLOGIES
PRESENT PACKAGING
CHALLENGES

Form factor plays a major role in wearable
technology, not just for the processor, but also
the entire system.

APRIL 2014 ELECTRONIC DESIGN
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Easy. Powerful.
The R&S®RTE:
Simply more scope.

Quickly master everyday T&M challenges.

More confidence in your measurements, more tools and fast
results, more fun to use — that's the R&S®RTE oscilloscope from
Rohde & Schwarz. From embedded design development to power
electronics analysis to general debugging, the R&S®RTE offers
quick solutions for everyday T&M tasks.

See for yourself: www.scope-of-the-art.com/ad/rte

i

NAVIGATION

ROHDE&SCHWARZ
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(INDUSTRIAL

& MEDICAL
Modem Modules

Radicom Research has been
building standard and custom
OEM modem modules for
the past 20 years. We offer
fast turn-around times at a
very competitive price.

WIFI Modules

WiFi 802.11b/g/n
USB & Serial interfaces

-40°C to +85°C operating temp.
Available AP, Router & Device

BLUETOOTH® Modules

Classic & V4.0 BLE

Serial TTL interface

SPP, HID, HCI, A2DP, USB, 12S
-40°C to +85°C operating temp.

PSTN Modems

USB, Serial, RS232, ISA, PC104
Leased-line & Dial-up

Medial, Contact ID applications
-40°C to +85°C operating temp.

Eth

Serial-to-Ethernet
USB-to-Ethernet
Available IEC60601-1 certified model

YRadicom

Affordable Modem Technology

www.radi.com

modems@radi.com
408-383-9006 x112
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Agilent’s Electronic Measurement Group is becoming Keysight Technologies.

Gather, organize and control

data like never before.
e

Agilent 34970A/72A Data Acquisition Switch Units
(DAQs) have achieved market leadership for more
than a decade. Perhaps it's the 34970A/72A DAQ's 3-slot LXI unit with built-in 6% digit DMM
unmatched capability. Or the 34972A DAQ's ability USB and LAN GPIB and RS-232
to control everything remotely via mobile interface.
Or the BenchLink Data Logger software that lets you
il 720 product scan, monitor, control and analyze your data so you
htep://arsly/Sidflog | can quickly act on it. Maybe it’s all of the above. $1,952" $1,690*

Graphical web
interface

Agilent and our
Distributor Network ¥§

Right Instrument.
Right Expertise. 800-463-9275

www.newark.com/agilent

Delivered Right Now.

© Agilent Technologies, Inc. 2013
* Prices are in USD and are subject to change
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Infinite Designs, One Platform
with the only complete
system design environment

LabVIEW
NI LabVIEW is the only comprehensive development environment with the LabVIEW system . '
unprecedented hardware integration and wide-ranging compatibility you need to meet des_lgn software offers
- ; unrivaled hardware
any measurement and control application challenge. And LabVIEW is at the heart of integration and helps
the graphical system design approach, which uses an open platform of productive you program the way
you think—graphically. T

software and reconfigurable hardware to accelerate the development of your system.

>> Accelerate your system design productivity at ni.com/labview-platform

800 453 6202 ¢ NATIONAL
" INSTRUMENTS'


http://ni.com/labview-platform

DON TUITE | Analog/Power Editor

don.tuite@penton.com

What'’s All This About
Contributed Articles?

ost engineers prefer to write as little as possible. There are occasional exceptions,

though. At most companies, there are financial rewards for writing articles for

publication. If you're looking to advance your career, it doesn’t hurt to have some
publications to list in your curriculum vitae. If that sounds interesting, here’s some advice.

First, never contact anybody at a magazine or conference until you've talked to your boss
and to whoever handles “media relations” inside and outside your company. There could be
intellectual property (IP) issues, product timing issues, and ego issues you need to avoid.

Working with a media-relations professional will simplify your life considerably. This per-
son will handle all the phone calls and e-mails that would otherwise waste your time. Also, you
will get advice and help in writing a better article, with fewer revisions and less time wasted
overall. For instance, maybe somebody in your company already is writing a similar article.
The professional will know about it and help you repurpose your idea.

Also, you must be mindful of what a publication wants out of a contributed article. Pri-
marily, it wants to build and maintain a reputation for providing accurate, authoritative, and
up-to-date information about solutions to interesting engineering problems. These days, that
reputation is based largely on Web metrics, which involve page views, search referrals, unique
visitors, and other subtle indices of the content’s popularity. Publications will look at your con-
tributed article based on how well it can serve these needs.

With the Web, the article’s potential audience and lifetime are infinite. But you still need
to attract that audience. So in writing your article, first think about describing a problem, in
terms of where it arises, why it’s hard to avoid, and what the characteristics of a good solution
would be. Then you can generally discus possible solutions and the tradeoffs between them.
Finally, finish off with your solution and where it fits.

Then it’s time to work again with the media professional, who will make sure your hard-won
insight is expressed clearly, effectively, and eloquently. (There’s much more to editing than
running spellcheck!) You wouldn’t go to a job interview without looking your best, and you
shouldn’t submit your article to a publication unless it similarly shines. Clean copy makes edi-
tors happy—and more inclined to accept your work.

JOIN US ONLINE Electronic Design has a long and proud history of publishing contributed mate-

Become a fan @ facebook. rial, from the earliest days of our popular Ideas for Design department 60 years
com/ElectronicDesign N . .
ago to the newest members of our roster of Contributing Technical Experts. Of
u ﬂ course, we're eager to see what submissions we'll receive next. Keep this advice in
mind, and perhaps we'll see your byline in these pages sometime soon too. Bl

GO TO ELECTRONICDESIGN.COM 13
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Let'sConnect
MIKE FAHRION | Contributing Technical Expert
mfahrion@bb-elec.com

The IoT Prepares To
Tackle Global Problems

ews stories about the Internet of Things (IoT)

tend to focus on fun, new consumer gadgets like

an Internet-enabled doorbell that sends audio

and video to your smartphone. But the real sto-
ry of the Internet of Things will be industrial machine-to-
machine communications (M2M) connectivity.

Our network topologies and capabilities will expand with
new technologies and billions of new devices. We'll keep exist-
ing equipment connected and communicating as well, as
much of our legacy infrastructure is too complex and too valu-
able to be cast aside. Short-term goals will include eliminating
unplanned device downtime and optimizing asset perfor-
mance. But IoT technology will also help us address the macro
trends that pose genuine threats to future prosperity.

CLIMATE CHANGE

Media hyperbole aside, it has become increasingly obvious
that we have entered an era of global climate change caused by
carbon dioxide. If we want to cut carbon emissions we’ll have
to use energy far more efficiently than we do now. Shutting
down the world’s economy isn't an option.

IoT technologies will prove indispensable. They’ll greatly
increase efficiency in virtually everything we do, and they’ll
help us attack the carbon problem in other ways as well.

Located on the California-Nevada border, the new Ivanpah
Solar Electric Generating System can produce nearly 400 MW
without generating any carbon dioxide. It relies upon hun-
dreds of thousands of reflecting mirrors that must be continu-
ally positioned to aim their light at a single focal point (see the
figure). The Earth rotates, so the mirrors must keep moving as
well. Until recently, there would have been no practical way
to keep so many mirrors aligned. But with the IoT, managing
enormous numbers of remote devices will be commonplace.
We're already doing it.

NATURAL RESOURCES

Population growth, along with rising living standards and
consumption, is increasing the pressure on all of our natural
resources. Improved extraction techniques can only increase
short-term supplies. They can’t increase the total quantity of a
finite resource. We'll need to find ways to make more efficient
use of everything from natural gas to irrigation water.

14

loT Technologies can coordinate the rotation of the hundreds of thou-

sands of mirrors to maximize energy production at the lvanpah Solar
Electric Generating System on the California-Nevada border. (courtesy

of Business Wire)

The Ogallala Aquifer under the North American Great
Plains provides a useful example. It supplies drinking water
for nearly 2 million people in eight Great Plains states, as well
as 30% of the irrigation water used in the entire United States.
It’s being drained at a prodigious rate, though, and at current
usage levels it may only last for another 25 years. It would take
nature 100,000 years to replace it.

No single solution will solve the problem, but there’s already
one IoT technology that can make a big difference. It’s esti-
mated that as much as 50% of irrigation water is wasted due
to evaporation or runoff. So in Europe, a prototype of the new
“WaterBee” smart irrigation system is being tested.

Older irrigation systems typically used timers, but the
WaterBee is far more sophisticated. It monitors soil conditions
in real time with a network of wireless sensors, and it uses the
data to determine where and when water actually needs to be
released. The WaterBee test sites have already reduced water
usage by an average of 40%.

POPULATION

After growing slowly and steadily throughout human histo-
ry, the world’s population passed 1 billion somewhere around
1820. Population growth then began to explode. By 1920 there
were 2 billion people. Half a century later it had doubled to
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4 billion. The world’s population is currently over 7 billion.
Every time the population doubles we theoretically need twice
as much of everything, from food to transportation systems—
that’s if we want things to stay the same, much less improve.
But you can achieve the same effect if you make existing
systems twice as efficient. By extending intelligence to the
edge of our networks, collecting and analyzing unprecedented

gent doorbells will only help us fend off small problems like
pesky siding salesmen. Industrial IoT technologies will help us
face the problems that really matter. &6l

MIKE FAHRION, director of product management at B&B Elec-
fronics, has more than 20 years of design and application experi-
ence overseeing M2M connectivity solutions.

quantities of real-time data, and mak-
ing intelligent decisions, IoT technolo-
gies will vastly increase efficiency. And
when you increase efficiency in a sys-
tem, you've increased its capacity.

AGING

Studies indicate that population
growth has begun to slow down. But
at the same time, people are living lon-
ger with profound social and economic
impacts. Over time, a steadily increas-
ing percentage of the world’s population
will be made up of the elderly.

IoT technology will help us keep
up. For example, NEHI (formerly the
New England Healthcare Institute) has
estimated that poor medication adher-
ence alone accounts for up to 13% of
total health care expenditures, or $290
billion annually in unnecessary costs.
Patients fail to take their pills according
to the correct schedule, and sometimes
they forget to take them at all. A “smart”
prescription bottle could compare pre-
scriptions to actual usage and alert the
appropriate person if a scheduled medi-
cation has been forgotten.

Future intelligent remote devices will
let users monitor and test many aspects
of their own health without leaving
home, and they’ll be able to upload the
data to be analyzed in the cloud. IoT
technology may not be able to talk you
into changing your diet or getting more
exercise, but it will make health care
incredibly more efficient. We’ll need
that efficiency as the elderly population
and their associated health care costs

continue to grow.

WHAT’S NEXT
As we face the problems of the future,
the deployment of IoT technologies will

become increasingly important. Intelli-
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& Analysis

LOU FRENZEL | COMMUNICATIONS EDITOR

he ZigBee Alliance and a group of leading smart-
metering and Smart Grid member companies are
developing a communication profile aimed at achieving
true plug-and-play interoperability between the members’
rireless Smart Grid neighborhood-area network (NAN)
products and solutions. The NAN is defined as a utility’s
last-mile, outdoor access network that connects smart
meters and distribution automation devices to wide-
area network (WAN) gateways.
The ZigBee wireless technology is widely used
in home-area networks (HANS) to connect smart
meters to home monitoring and control consoles. Up
to now there has been no one standard for connect-
ing the smart meter back to the utility. Multiple wire-
less and wired technologies have been used. Now this
new effort may result in a ZigBee standard that can be
widely adopted (see the figure).
There is a global requirement from regulators and
utilities for a standards-based interoperable NAN. Open
global standards give utilities a wider choice of product fea-
tures, increased price competition, reduced supply risk, and
flexibility in selecting vendors, all while ensuring that products

The proposed NAN standard will use the IEEE 802.15.4g wireless standard

to collect smart-meter reading from homes and businesses and grid infra-
structure and relay the data back to the utility.
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will interoperate seamlessly. Existing
IEEE and IETF standards on their own
do not ensure interoperability due to
the many options available within the
standards. The NAN specification will
fill the gap by selecting the most appro-
priate options between standards and

defining a communications profile with

certifiable interoperability. This will be
a significant improvement for utilities
compared to non-interoperable, pro-
prietary single-vendor solutions.

To ensure interoperability, a full
wireless communications protocol is
being defined for Layers 1 through 4
of the ISO OSI communication stack,
which provides a harmonized trans-
port network supporting different
IP-based (Internet protocol) applica-
tions. Layers 1 and 2 will be based on
the IEEE 802.15.4g amendment to the
IEEE 802.15.4 (2011) standard that
was introduced to enable the develop-
ment of interoperable NANs. Layers 3
and 4 will be based on IEFT standards
including the IPv6 network layer and
associated networking schemes, appro-
priate routing and transport protocols,
and relevant security mechanisms.

This wireless communications
profile will enable interoperability
between different vendors that have
all implemented their smart meters,
Smart Grid devices, and communica-
tion infrastructure node products
according to the certifiable NAN com-
munications profile. Today’s existing
Smart Grid applications such as smart
metering and distribution automation
will run on top of this interoperable
wireless IPv6 communications profile.

This NAN standardization work will
establish a test and certification pro-
gram supported by independent test
houses to certify the interoperability
of different manufacturers’ Smart Grid
products and solutions. The ZigBee
Alliance will maintain a register of
certified smart-meter and Smart Grid
products to provide confidence for
utility customers when selecting a
Smart Grid vendor.

GO TO ELECTRONICDESIGN.COM

To date, the definition and documen-
tation of the market requirements and
the detailed technical requirements for
the NAN have been completed. “Proof
of concept” events to test the interoper-
ability of the physical layer and media
access controller (PHY/MAC) func-
tions that will be included in the NAN

standard have been held during the past
year involving companies from around
the world. All participants’ NAN prod-
ucts were able to communicate with
each other through the PHY and MAC
layers. In addition, several companies
demonstrated interoperability for basic
IP functions. ®
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Researchers at the Pacific Northwest
National Laboratory have developed a
smaller and more powerful micro-battery
that will improve studies that track the
migration of salmon and other fish. (cour-

tesy of the Pacific Northwest National Laboratory) 3
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News&Analysis

BATTERY BETTER
Powers Tiny Fish
Trackers

RESEARCHERS USE TINY transmitters to

track the migration of salmon and other

fish. These transmitters must be powered
by batteries, though, affecting the age and
range of the fish that can be monitored
and limiting the scope of the studies. The
Pacific Northwest National Laboratory has
developed a smaller and more powerful
battery that should improve this tracking.

At 6 mm long and 3 m wide, the micro-
battery is a little larger than a long grain of
rice (see the figure). Smaller batteries mean
smaller transmitters, which then can be
implanted in younger fish to give scientists
a better view of their life cycle. With more
power, these transmitters can broadcast
signals over longer distances so research-
ers can track fish further from shore or
from dams, or deeper in the water.

The battery uses the “jellyroll” technique
commonly used in household cylindrical
batteries. Battery materials are placed on
top of each other in a process known as
lamination and then rolled up together.
The layers include a separating material
sandwiched by a cathode made of carbon
fluoride and an anode made of lithium.

This technique increases the area of the
electrodes without increasing their thick-
ness or the battery’s overall size. It also
keeps the impedance from getting too
high, which can be a problem in small bat-
teries as electrons don’t have the space to
flow easily or quickly along their required
routes. The jellyrolling creates a larger
space for the electrons to interact.

The battery weighs 70 mg and boasts
240 watt hours per kilogram, compared
to the 135 mg and 100 watt hours per
kilogram of commercially available silver-
oxide button micro-batteries. It can power
a 744-ps signal sent every three seconds
for about three weeks, or five seconds for
amonth. Also, it works better in the cold
waters where salmon often live, thanks to
its lithium and carbon-fluoride chemistry. B

RICHARD GAWEL
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hese

he word robot conjures up a range of visions, from the help-
ful R2-D2 of Star Wars to Arnold Schwarzenegger’s terrify-
ing Terminator. These robots got up close and personal
with people. While robots aren't fully integrated into our
society yet, they have had a long run on the assembly line.
Autonomous drones have plied the airways safely. But robots
that work with human beings and other delicate items require sig-
nificantly more safety considerations. Designers can make them very
small and simple, like iRobot’s Roomba line. Vacuum cleaners tend to
be safe, and you’ll probably only get hurt if you trip over one.
Other companies are producing robots that mow lawns, which is
a bit more dangerous. These autonomous mowers have safety shutoffs for
their blades, but their larger size still could present some problems. Many
other larger and more complicated robots are emerging in different appli-
cations, so designers need to account for safety as well as performance.
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As robots move off the factory floor and into our streets and hallways, designers are using
hardware and software safety features alike to minimize potential accidents and injuries.

ARE NO DANGER,
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TELEOPERATED ROBOTS
The definition of a robot is like the definition of the Inter-
net of Things—it’s fluid. Teleoperated devices normally are
considered robots, and many are semi-autonomous. The main
difference between these teleoperated and autonomous robots
is that a user oversees the operation of the teleoperated robot.

I've used Suitable Technologies’ Beam (Fig. 1) to attend a
number of conferences remotely. Telepresence robots are a
manifestation of the numerous flying, rolling, and floating
unmanned vehicles that currently exist.

Remote users directly control some teleoperated robots—
for example, by driving them to a specific point. Other robots
operate in a semiautonomous mode by using waypoints.
Remote feedback often cannot operate quickly enough, so
semiautonomous operation may be required for seamless
operation. For example, most copters provide automatic sta-
bility control so the operator specifies direction or position,
and the device responds accordingly. The typical default state
is to hover in place.

Some devices can operate in autonomous mode. When
many copters enter failsafe mode, some gently land, while oth-
ers return to a predefined spot. Electric vehicles
may enter this mode when their batteries begin
to run low.

RESEARCH ROBOTS
Today’s state-of-the-art robots have required
a lot of research, but much more needs to be
done. That’s why robotics is such a hot subject
for science competitions and universities. It
encompasses a wide range of disciplines, from
mechanical and electrical engineering to embed-
ded programming and artificial intelligence.
Companies like ABB are looking to tackle
many of the challenges robots are encountering
in working with people. The ABB Dual Arm Con-
cept Robot (DACR) research platform highlights
some of these challenges and solutions. It consists
of a portable torso and two arms (Fig. 2). It also
uses single-phase power, and all of its surfaces are
designed for easy cleaning.
ABB’s designers focused on allowing the arms
to work in confined spaces by employing seven-
axis kinematics for each arm. With this kinematic
redundancy, the robot can move its elbows inde-
pendently from the tool center point (TCP), while
typical robotic arms could not. The controller then
can employ more sophisticated avoidance algo-
rithms in moving the arm. \
The DACR has no exposed cabling, which
sometimes is found on industrial robots,
minimizing problems where cables could

22

become entangled with nearby people or objects. The system
is designed for light payloads, minimizing arm inertia when
moving to soften any collisions with people or objects.

The system employs a software-based collision detection
system. It also is designed so no human body part can be
clamped between the axes of the system. Still, there are pinch
points. But if a clamping force is detected, the software turns
off the motors.

NASA’s Robonaut 2 has more of a challenge in the Interna-
tional Space Station (ISS) compared to its earthbound coun-
terparts. It has legs that climb, enabling it to move in zero
gravity and work with astronauts with both hands while keep-
ing at least one leg anchored to the ISS (Fig. 3).

The system is designed for supervised control, although the
arms and hands can be teleoperated. It is double-fault tolerant
because of its critical environment. Everything has a double
ground path, so nothing gets shocked. Some of these safety
issues could be less important on the ground, but in space it
is best to anticipate every problem to prevent failures that can
turn into catastrophes.

Robonaut 2’s hands have five fingers, and its legs are 3 m
long with seven joints. Its legs also have special
end effectors that are designed to clamp onto the
rails that are spaced inside and outside the ISS.
Robonaut 2 uses these effectors to move from one
rail to another without ever floating freely like the
astronauts inside the station.

The brushless direct current (BLDC) motor
control for each joint is an FPGA with PowerPC
or ARM hard-core processors. The motor con-
trols have sensors attached in addition to motor
feedback. The joints have a torsional spring so their
stiffness can be controlled using the motors and the
spring’s response.

Another challenge was changing the usual velocity
control found on ground-based robots to a momen-
tum-based approach because the robot is designed to
move around the ISS. The surfaces on the station are
designed with a 125-pound kick limit so astronauts
can push off any surface to move about. Robonaut 2
tries to limit its pressure to 100 pounds. That can be
tough for a 600-pound robot, including the battery
pack. The legs were designed later, so NASA initially
used this approach. The upper body is being repro-
grammed to match these requirements.

ROBOTS NOW
The American National Standards Institute
) (ANSI) has approved the ANSI/RIA R15.06-2012
1. Suitable Technologies’ Beam is a telepresence robot

that requires a remote user to control its movement.
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2. The ABB Dual Arm Concept Robot (DACR) research platform is
designed to operate in close proximity with people. It is free from
sharp edges and has padding to soften any bumps or contact with
people or other objects.

standard developed by the Robotic Industries Association. It
matches the International ISO 10218:2011 standard. These
standards provide a range of safety specifications for robots,

including risk assessment and proper implementation of safe-
guarding robot systems. Developers working in this space can
design their robots to address these standards. But what about
those who do not want to start from scratch or have jobs for
robots right now? There are alternatives.

Rethink Robotics’ Baxter has found a home on many pro-
duction lines. Like the DACR, it’s a field-ready two-armed
torso. Its built-in software can be trained by example, allowing
fast repurposing on an assembly line as demands change. It
has been used in many production environments, like one
plastic injection molding facility where it packed more than
800,000 medicine cups in its first six weeks of operation.
Contract packages have found its ability to be reprogrammed
invaluable. It is so simple that reprogramming could be done
on a daily basis if necessary.

Baxter’s two arms may look large and heavy, but they are
light. The motors inside drive a spring that provides flexibility
if the arms come in contact with an obstacle like a person. On-
board sensors with cameras help detect obstacles, including
people. Cameras are located on the hands as well as the upper
body. The display provides operator feedback.

Baxter already knows it has two arms and to keep them
away from each other, since it doesn’t have to scratch any

itches. They can perform independent
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tasks without colliding. If these tasks
ever conflict, one arm will wait to make
its next move while the other completes
its operation.

3. Developed by NASA and General Motors,
the Robonaut 2 can maneuver around the
International Space Station thanks to spe-
cial end effectors on its legs that can clamp

onto rails posted inside and outside the ISS.
(courtesy of NASA)

116.6cm?
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The latest software update to
Baxter included a number of new
features. Baxter’s training initially
would allow an object to be moved
from a plane to another plane par-
allel to the first, such as picking
up a block and putting it on top of
another block nearby. Now it can

take an object that might be onan =

angle and move it to another posi-
tion on a different angle. Of course,
moving from point A to B is just the
simplest task Baxter can perform. Its
cameras and sensors allow more dynam-
ic recognition and actions based on
characteristics and environmental status.

Baxter now can hook into a range of

additional equipment, from program-
mable logic controller (PLC) devices to
barcode scanners and cameras. It also
can hold an object in a location for
a predetermined amount of time. For
example, it might pick up an object, pass
it by a barcode scanner, then placeitina
particular area based on the result of the
scan, and finally initiate an action via a
PLC device. Alternatively, it may hold an
object in front of a paint sprayer.

People working with Baxter have been
amenable to its operation. It helps to
have an assistant that handles repetitive
tasks and is safe to work around. Baxter
also can be used out of the box, though
a research version is available for those
who want to program it directly. Bax-
ter utilizes the Robot Operating System
(ROS), but the research version makes
all the source code that is delivered with
the system available. Researchers are uti-
lizing the platform to experiment with
their own software for new applications.

The Unbounded Robotics UBR-1 is
a one-armed robot that also runs ROS
(Fig. 4). Unlike Baxter, UBR-1 is mobile
so it adds a suite of sensors to detect
obstacles around itself, including a 2D
laser scanner in its base. UBR-1 is more
of a development platform, but it could
be a delivery vehicle with additional soft-
ware. It already can be used with ROS-
related software packages like Naviga-
tion and Movelt to control its arm.

GO TO ELECTRONICDESIGN.COM

=\ nbounded |
@)Robotics I

4. The Unbounded Robotics UBR-1 runs
ROS, the Robot Operating System.

The back-drivable arm has seven
degrees of freedom. Its weight limit is
3.3 pounds, so even when it’s fully load-
ed it shouldn’t hurt anyone it bumps
into. The various sensors also can help
to detect and avoid collisions. The torso
can lift, allowing UBR-1 to reach higher.
Its modular, parallel jaw gripper has
interchangeable fingertips.

Additional peripherals can be con-
nected via USB 3.0, and extra mount-
ing holes are spaced around the robot
to allow external customization. UBR-1
can run continuously for three to five
hours and idle for up to 10. It also can
be used as a more sophisticated telepres-
ence robot. Its pivoting head has a 3D
color sensor as well as microphones. Ste-
reo speakers are mounted in the neck.

ROLLING ROBOTS

Robots with arms and mobility
increase system complexity while pro-
viding additional functionality. Still,
there are many applications where
autonomy and mobility are sufficient,
such as driverless cars. Many companies
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ET Rating to 150 Volt Microsecond, Manufactured
and tested to MIL-PRF-21038.

Multiplex Data Bus
Pulse Transformers

Plug-In units meet the requirements
of QPL-MIL-PRF 21038/27. Surface units are
electrical equivalentsof QPL-MIL-PRF 21038/27.

DC-DC Converter

Transformers

Input voltages of 5V, 12V, 24V And 48V.

Standard Output Voltages to 300V (Special
voltages can be supplied). Can be used as self
saturating or linear switching applications. All units
manufactured and tested to MIL-PRF-27.

400Hz/800Hz

Power Transformers
0.4 Watts to 150 Watts. Secondary Voltages 5V to
300V. Units manufactured to MIL-PRF-27 Grade 5,
Class S (Class V, 155°C available).
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Robotics & Electronics

Robots and Robot Kits

Zumo Robot Kit $74.95
Arduino-controllable tracked robot small
enough for mini-sumo (less than 10 cm x
10 cm). Arduino sold separately.

Mechanical Parts

Pololu Wheels
$6.98-$9.95/pair

Metal Gearmotors
Starting at $15.95

Electronic Parts

MinIMU-9 v2 Gyro,
Accelerometer, and

Compass
$39.95

Wixel USB Wireless
Module $19.95

Micro Maestro 4.
6-Channel USB

Servo Controller
$19.95

Laser-Cut SMT Stencils
Starting at only $25
Low-cost, plastic stencils
made from 3-mil or 4-mil
mylar.

Custom Parts
Starting at only $25
We can laser cut
various thicknesses
of plastics, woods,
paper, cloth, and
more.

www.pololu.com

5. Aethon’s Tug pulls a trailer that can deliver drugs from the pharmacy or lunch from the caf-

eteria throughout a hospital.

are working on these autonomous vehi-
cles, though it’s a harder problem than
getting from here to there. Today’s roads
are much more complex than factory
floors, and their conditions are much
more variable.

Safe solutions are challenging, but
what if the constraints were different?
That’s the approach Induct Technologies
took in its Navia driverless shuttle. This
automated electric system is designed
for flexible transportation of up to eight
people around campus settings such as
parks, and airports.

The Navia is ringed with laser sen-
sors that have a twofold purpose. One
is to detect objects so they can be avoid-
ed. Running over potential passengers
would be a bad idea. The other is to
detect the vehicle’s position based on
nearby buildings by using image recog-
nition instead of GPS or special beacons.
The maximum speed of the vehicle is
12.5 miles/hour.

The Navia has to do more than just
get from point A to point B. It also needs
to allow people to get on and off, often
at predefined points. Cones or lines
might mark a stop for passengers rather
than the shuttle. The Navia also needs to
open and close its gates so people stay
within it while it is moving.

Induct Technologies has a system that
manages multiple routes and vehicles for
amore on-demand type of operation. An
empty unit could move to pick up pas-
sengers when they arrive at a location,
possibly prompted by a smartphone text.

Vehicles could cycle through a path with
more added as demand increases. The
system can even handle charging, replac-
ing a vehicle with a fully charged unit.

Being electric, the Navia can operate
indoors or outdoors, although its cur-
rent open nature will limit operation for
passenger comfort. It requires no special
infrastructure other than plugging in a
charging station or two. Induct Tech-
nologies was running the Navia at the
2014 International CES.

Aethon’s Tug is designed to operate
indoors in locations like hospitals where
the company has been very success-
ful (Fig. 5). It delivers objects includ-
ing drugs, food, and laundry instead of
people. Like Navia, it can operate 24/7.

The hospital environment is amena-
ble to the Tug and its cargo because of
the automation already built into many
hospitals, such as doors and elevators
that open electronically. It can pull a car-
rier to an elevator and then through a
series of doors without user interven-
tion. The Tug normally stops at a des-
ignated location where a person would
then add or remove items.

The Tug is like the Navia with a sensor
cluster including LIDAR, which helps
it avoid people and objects. Usually it
can navigate around objects, assuming
a path is not completely blocked. It isn’t
designed to remove obstacles, but it can
notify a person that it needs help. And
like Baxter, the Tug can handle repetitive
tasks so people can address more critical
chores that robots can’t handle. &
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Military Components

-55% to +85°C Operating Temp
Military Environmental
Screening Available

3.3 to 500 VDC Outputs
M/MV Series

Isolated - Regulated

Wide Input Range
8 to 60 VDC Input

2 to 100 VDC Output
Isolated-Regulated
OR/IR/JR/KR Series
2-20 Watts

36 to 170 VDC Inputs
Terminal Strips - Thru Hole §%q
3.3 to 48 VDC Outputs :
Single and Dual Output
LV/HV Series

Also Ac-DC single and 3 Phase.
Power Factor Corrected. 3 Watts to
2000 Watts Models.

Call Toll Free:800-431-1064
Fax:914-738-8225
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Ultra Miniature
Surface Mount and Thru Hole X
Single and Dual Isolated Outputs
Military Upgrades Available
AV/AV/SM/AVR Series

100 to 10,000 VDC Output
Proportional Control Up to 10 Watts

VWV Series Military Applications
-40° and -55° to +85°C
Operating Temperatures
Wide Input Range
3.3 to 350 VDC outputs
Programmable to in 1/2 Brick and Ful Brick
6000 VDC Output Military Upgrades Available
HVP Series LF/LM/FM Series

HIGH POWER-Wide Input Range
2 to 350 VDC Output

Isolated to 300 Watts

in 1/2 and Full Brick

LP/HP/XP Series

PICO

Electronics. Inc.
143 Sparks Ave., Pelham, NY 10803

www.picoelectronics.com

5 to 500 VDC Output
to 50 Watts
Wide Input Range
Isolated
Regulated
QP Series

Complete Listing of Entire Product Line
DC-DC Converters ¢ AC-DC Inductors ® Transformers and Inductors.
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LOU FRENZEL | Communications Editor

lou.frenzel@penton.com

Beyond computers and smartphones, IoT and M2M
technologies promise devices that talk to their users

T h e and to each other.

CONN

he Internet of Things (IoT) and machine-to-machine

(M2M) communications are hot technologies, domi-

nating recent articles, conferences, and webinars.

They won't fully emerge this year, but great progress
is being made in developing and deploying them (see “Who’s
Doing What In IoT And M2M” at electronicdesign.com).

M2M has been around for a while, but the IoT movement is
still developing. Both technologies are looking for a few good
applications, with several now on the market. The future will
be more interesting when everything is connected.

IOT VERSUS M2M

M2M is the automated remote monitoring and control
of objects, such as pipelines, vending machines, and fleet
vehicles. It connects machines to one another and facilitates
communications between them. This connectivity has largely
been cellular, although other technologies like Wi-Fi are used.

M2M-enabled devices can exchange information, make
decisions, and implement operations without human assis-
tance. In development for more than two decades, M2M
began with various applications in telemetry, industrial auto-
mation, and systems like SCADA (supervisory control and
data acquisition).

M2M forms the basis for IoT. Also known as the Internet of
Everything, IoT is a broader vision for connecting machines
to machines or people to machines. While M2M focuses pre-
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dominantly on industrial, business, and commercial applica-
tions, IoT is more for consumer applications.

The goal is to put almost anything on the Internet so it can
communicate with remote computers, other devices, or even
people. According to Juniper Research, “the management of
devices is key to M2M and distinguishes it from the Internet of
Things where any object may be furnished with connectivity
on an ad hoc basis”

The term “smart” is used to describe M2M and IoT devices
and applications. The availability of Internet Protocol version
6 (IPv6) makes it possible to connect billions of devices thanks
to its 128-bit addresses. So why not?

There do not seem to be any formal definitions of IoT or
M2M, and many people believe they are the same thing. One
view is that M2M does not necessarily use the Internet, while
IoT assumes an Internet path for communications. Both M2M
and IoT are similar in their objectives but with slightly differ-
ent applications and implementations.

Rejeev Kumar of Freescale calls IoT the technology of con-
necting any device with an embedded controller. Since virtu-
ally every electronic device has some kind of microcontroller,
they all are candidates for an IoT application. Billions of devic-
es are potential nodes on the Internet. Some sources expect 50
billion devices to be connected by 2020. Other estimates range
from 20 billion to 100 billion connected devices by the 2018-
t0-2020 time frame.
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The overriding goal of M2M and IoT is to add value. They
aim to improve efficiency, cut costs, provide greater conve-
nience, and improve customer service. When that can be
demonstrated, they will be quickly adopted.

Just because we can do something technologically, though,
it doesn’t necessarily mean that we should. Do we really need
microwave ovens or toys connected to the Internet? The possi-
bilities are endless, but common sense will prevail and practi-
cal applications will identify themselves.

HOW IT WORKS

In IoT applications, the device to be monitored or con-
trolled has an embedded wireless transceiver that talks to a
gateway or router that has an Internet connection (Fig. I). For
example, a home thermostat would communicate by Wi-Fi
with the home Wi-Fi router that connects to the Internet via a
cable TV link. That link connects with a remote cloud-based
server that supplies the application’s intelligence, collects
the data, analyzes it, stores it, makes decisions, and initiates
actions. This server connects by way of the Internet to the
applications interface, where another machine like a PC ana-
lyzes and displays status and actions. Smartphones are popular
interfaces, quickly becoming our all-purpose remote control.

An alternative scenario more fitting for an M2M application
is a cellular telephone module embedded into the product to be
monitored or controlled. The module talks directly to a nearby

GO TO ELECTRONICDESIGN.COM
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The Nest thermostat uses a Wi-Fi connection
to the Internet, enabling users to control the tempera-
ture at home via a smartphone.

cell site through the standard cellular network. The cellular
carrier routes the connection to the remote cloud-based server
and the applications interface. In some cases, the application
server may be a part of the cellular supplier’s service.

Most IoT and M2M applications are simple and not
demanding, with modest data rates that do not require high-
speed connections. Wi-Fi and 3G/4G cellular are usually over-
kill but are used anyway. A typical application may require
only an 8-bit embedded controller. Communications connec-
tions like TCP/IP or UDP/IP and Ethernet, though, typically
require a 32-bit processor including Linux or some smaller
real-time operating system (RTOS).

THE WIRELESS TECHNOLOGIES

The heart of most IoT and M2M products is one or more
wireless connections. The technology that’s chosen depends
on the application and services available. Most short-range
wireless technologies are used in some form, with cellular and
Wi-Fi dominating.

M2M applications mostly use an embedded cellular radio.
Multiple suppliers of cellular modules offer 2G, 3G, and 4G
technologies. All the major cellular operators in the U.S.,
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Device or “thing”
(thermostat)

Wi-Fi, Bluetooth,
ZigBee, efc.
Cloud-based

server

Router or
gateway

Smrtphone

Laptop

Applications inferface

1. Any Internet of Things application includes the “thing,” a wireless
gateway to the Internet, the application server, and the application
interface.

including AT&T, Sprint, T-Mobile, and Verizon, offer M2M
connectivity service.

GSM with GPRS 2G has been the most popular since it only
involves low-speed data. But with most carriers phasing out
2G service or repurposing its spectrum in the coming years to
better accommodate 3G and LTE services, the 2G option may
be going away. Some carriers plan to phase out 2G by
2017, although others have no announced
agenda for that.

For new applications, 3G like WCDMA or
CDMA2000 is a better choice. Most M2M

Europe, the carriers are looking for paths to increased growth.
M2M seems to be that route.

Wi-Fi is also a major technology for both IoT and M2M.
Multiple vendor modules offer 802.11a/b/g/n connectivity,
mostly in the 2.4-GHz band. Multiple vendors also supply
routers and gateways that feature Wi-Fi. A common configu-
ration is a Wi-Fi router with an Ethernet connection to a cable
or DSL modem. Another variant is a gateway that takes Wi-Fi
on one side and a cellular connection on the other.

Wi-Fi dominates where power is readily available, such
as home appliances. Most major appliance manufacturers
have already embedded Wi-Fi into refrigerators, washing
machines, and dryers to report usage and various physical
characteristics such as wear and time of use. Some home ther-
mostats use Wi-Fi as well.

Furthermore, many homes already have a Wi-Fi router and
Internet connection, making connectivity fast and easy. Wi-Fi
is also the choice if longer range is needed. Most Wi-Fi con-
nections can be achieved at a range up to 100 meters depend-
ing on the environmental conditions, especially obstacles like
walls or foliage.

When low power consumption is mandatory and shorter
ranges and multiple devices are involved, other wireless tech-
nologies are better options. Bluetooth Low Energy (BLE)
is emerging as a key player, especially in health/fitness and
medical monitoring applications. BLE is also a popular choice
for wearable technologies.

Its very low power con- A

applications are fixed and typically will
remain the same for years, so it is best
to have a solid guarantee of service for
the future. For video and other high-
speed applications, fast 3G and LTE
modules and services are available
to handle speeds to many megabits
per second as needed.

About 40% of M2M is cellular. ABI
Research predicts that by 2018, nearly 60%
of M2M will be cellular and most of the
M2M revenue will come from carrier servic-
es. With the maturity and saturation of the
cell-phone business in the U.S. and Western

2. The Belkin WeMo Internet-controlled crockpot

for slow cooking uses a Wi-Fi link to provide Inter-

net access.
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sumption and maximum 1-Mbit/s data rate fit almost all
possible applications.

When multiple sensors must be monitored, wireless tech-
nologies like ZigBee are a good choice as they offer the mesh
network topology that allows hundreds or even thousands of
nodes to be monitored or controlled. Building automation
is one area. So are home-area networks (HANs) where the
utility’s smart electric meter can provide energy consumption
data wirelessly. In industrial settings, other wireless mesh
networks may make more sense, like Linear Technologies
Dust Networks’ WirelessHART and ISA 100a. Z-Wave is also
an option in some consumer applications.

And let’s not forget RFID. Some “things” may only require
a cheap and simple connection that an RFID tag can provide.
Near-field communications (NFC) is another choice. Both are
very short-range technologies (less than a few feet), but some
applications are perfectly useful in this range. In all cases, these
short-range wireless devices typically require an intermediate
gateway to collect the data and then connect to the Internet or a
cellular carrier by another wired or wireless technology.

Cabling also can be used in some IoT or M2M applications
if it is available. Dial-up telephone lines have been used with
modems for M2M. Power-line communications (PLC) is
another alternative where applicable. PLC is more viable than
ever wherever ac power lines are a clear choice for the commu-
nications medium. Multiple PLC technologies are available,
such as HomePlug, IEEE P1901, PRIME, and G3.

M2M APPLICATIONS

M2M uses fall into several major vertical categories: trans-
portation, energy, industrial, sales and payment, security, and
healthcare.

Transportation includes automotive fleet management.
Trucking companies can use M2M to monitor the location
and status of their tractors and trailers. Any large asset can be
tracked via an embedded GPS receiver. Trains and boats also
use M2M to a lesser extent, but that may increase in the future.
Most of these applications use cellular connections. Other
automotive uses are emerging as well (see “The Connected
Car” at electronicdesign.com ).

Energy applications are based on the Smart Grid. M2M
is increasingly used to monitor electric generating facilities,
substations, and related equipment. It is extensively used in
wind and solar generation plants. M2M has also come to some
neighborhoods to send utility meter data back to the util-
ity. Smart meters in homes transmit electric or gas usage to a
nearby concentrator hub using ZigBee or some other wireless
technology. The concentrator then connects back to the utility
via the cellular network or some other wireless method.

Industrial M2M is simply a variation of industrial automa-
tion communications. There are many forms of industrial
networks, and the number of wireless networks is growing.
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3. The Vignet hub collects patient monitoring data with Bluetooth or
Wi-Fi and then transmits it over the cellular network using Gemalto’s
Cinterion embedded cellular transceiver.

Telemetry is the biggest category with the monitoring of oil
and gas pipelines, tank farms, oil rigs, and other remote facili-
ties by cellular or other connections.

Sales and payment uses are everywhere. Point-of-sale ter-
minals are all networked, many wirelessly. Vending machines
and kiosks are often monitored by cellular. M2M also is used
for security applications, particularly video that’s recorded and
sometimes monitored by a person. Cellular is the usual choice,
although other wireless links are often involved. Healthcare
applications mostly involve remote patient monitoring.

THE INTERNET OF THINGS

IoT is like M2M, with a broader scope of applications. It is
more commercial, but there is also an industrial IoT for more
hardened and secure applications. For the most part, IoT
assumes that each “thing,” which can be almost anything, has
an IP address. It has been a good concept for years, but now it’s
in the very early stages of development. Like all new technolo-
gies, it has started with proprietary products and systems but
seems destined to develop where standards are available to
move the concept forward to implementation.

Most applications target the home, such as the slow-cooking
crockpot from Belkin's WeMo family of IoT products (Fig. 2).
You can turn it on and off and even control its temperature
through an app on your iPhone. Other WeMo products include
Smart LED lighting control and the WeMo Maker, a generic
device that lets do-it-yourselfers build solutions by adding
Internet connectivity to any device controlled with a dc switch
such as robots, motors, and sprinklers via an iPhone app.

The Nest Learning Thermostat can replace most existing
thermostats for improved monitoring and control of heating
and air conditioning for energy savings (see the opening fig-
ure). It is linked by Wi-Fi to the home router. A smartphone
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app lets you view and change the setting. Google recently
acquired Nest, which also offers IoT smoke and carbon-
monoxide sensors for the home.

Note the theme here. A smartphone or a tablet is used as
the monitor and control device. They are ideal platforms for
Internet connections. That means more machine-to-human
rather than machine-to-machine conversations, unlike pure
M2M. And the number of possible home applications is huge.
Besides appliances, IoT will include garage doors, door locks,
security systems with remote video, lighting, and more.

However, home automation is still a niche. Not many
households are willing to add all that technology with its high
cost and management overhead. Too much tech support is
required to get everything installed and working, and trouble-
shooting takes up lots of time. Few people want the hassle of
programming and coordinating all the connected products.

The things in the Internet of Things only are connected
s0 people can monitor and control them. They do not talk to
one another. It doesn’t make sense for your crockpot to talk to
your door lock, but such communications eventually can be
implemented. Security systems can be connected to lighting
systems, for instance. That’s the IoT of the future.

Health and fitness is another burgeoning IoT area. Patient
monitoring has become popular with sensors like electrocar-

diogram patches, sleep sensors, blood
glucose and blood pressure moni-
tors, and thermometers for specific
body functions. Patients can be
quickly and easily instrumented
with sensors and wireless connec-
tions that gather data for transmis-
sion later or even in real time.

Vignet’s hub collects data from
wireless sensors using Bluetooth,
Wi-Fi, or some other wireless link
and stores and consolidates it (Fig.
3). Gemaltos embedded Cinterion
3G/4G cellular module sends the
collected data to the health care
provider. Unlike other solutions,
this hub meets Health Insurance
Portability and Accountability Act
(HIPAA) privacy requirements,
an important feature when dealing
with personal medical data.

4. Samsung’s Gear smartwatch connects to the
Galaxy smartphone using Bluetooth.

INRUSH CURRENT LIMITERS

ISO 9001: 2008 Certified
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FREE SAMPLES
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Use a one component solution for
inrush current in electric motors, drives,
and power electronics.

P For power supplies with outputs from 50 to 7,500 watts and
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Wearable technologies are another IoT category, includ-  own compliance (Fig. 5). Incidentally, if you embed pre-certi-

i 6 . ing Google Glass, smart watches such as Samsung’s Gear,  fied Wi-Fi or other wireless modules in your design, you won't
— and sensor-embedded clothing like vests and coats (Fig. 4).  have to endure the compliance testing.
These devices usually connect via Bluetooth to a smart- The lack of standards is impeding progress as well. The

phone or other platform for further processing and connec-  wireless standards are fixed, but the protocols for transferring
tivity. Fitness devices transmit exercise data like heart rate  data aren’t. Most products and systems use proprietary proto-
or pedometer steps from Bluetooth sensors to a smartphone  cols. However, there are several efforts to develop some proto-
for collection, storage, and analysis.
The general acceptance of wearables
has yet to be determined, but they

definitely will be part of the IoT mix. I P G a N t k
CRITICAL ISSUES e WO r

Security, certification, and stan- [
dards all are slowing full M2M and
IoT adoption. For example, the Fed- a a rO Ce SS I n g
eral Communications Commission
(FCC) must certify all wireless prod-
ucts. If you embed wireless chips into
your product, you will need to comply
with the Code of Federal Regulations

(CFR) 47 Part 15. These regulations
mostly involve tests to ensure proper

power output and frequency as well as
minimal electromagnetic interference
(EMI) with other products and services.
The finished unit must be tested and
certified before you can use or sell it.
This is a huge issue if you aren’t an
experienced wireless engineer. Most
designers have a certified compliance
test lab perform the testing, which can
cost around $10,000. You can do some
initial compliance testing yourself if
you have a spectrum analyzer. Some
newer oscilloscopes like Tektronix’s
MDO4104B have a built-in spectrum

analyzer that will let you check your « Latest generation of flexible FPGA systems

+ Open, easy-to-use development architecture
« Full line rate data filtering and capture

« Ultra low latency connections

« Multiple network standards

A Nallatech

An Interconnect Systems, Inc. Subsidiary
5. Tektronix’s MDO4104B oscilloscope has
an internal spectrum analyzer that can help

www.nallatech.com * info@nallatech.com

you perform pre-certification tests for your

wireless products.

GO TO ELECTRONICDESIGN.COM 35


http://electronicdesign.com
http://www.nallatech.com
mailto:info@nallatech.com

DOWNLOAD our free CAD software
DESIGN your two or four layer PC board

SEND us your design with just a click
RECEIVE top quality boards in just days

Technology
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Connect via LAN or USB - Automation Friendly.
High Speed up to 20kS/sec. on all channels.

Digital Range Extension. One Probe - Multiple Ranges.
Interface with NI LabVIEW™ |

cols that most devices can use. This will
speed development and perhaps even
make it possible for seamless interoper-
ability among products. Standards have
yet to be finalized, though. So if you’re
planning an IoT product or business,
take a close look at the alternatives and
support the one that’s best for you.

The International Telecommunica-
tions Union (ITU) is working on M2M
standards, but it will be a while before
we see final ratification. In the mean-
time, the Telecommunications Industry
Association (TTA) TR-50 Smart Device
Communication Standard now stan-
dardizes the link that smart devices
use to communicate with services and
applications. It provides an agnostic
framework to allow all devices, routers,
gateways, and other equipment to work
together. The work is still in progress,
but final results are expected this year.

Another major effort is the AllJoyn
protocol developed by Qualcomm.
Based on Linux, it is like an application
programming interface (API) that lets
devices talk to one another and provides
a programming framework for develop-
ment. Qualcomm recently transferred
AllJoyn to the Linux Foundation, which
created the AllSeen Alliance to support
and further develop the standard.

Another protocol to consider for IoT
is 6LOWPAN. This encapsulation and
header compression standard devel-
oped by the Internet Engineering Task
Force (IETF) allows IPv6 packets to be
used with the IEEE 802.15.4 wireless
standard. It supports mesh networking
and is the basis for ZigBee and other
short-range wireless standards.

Finally, how will widespread IoT/
M2M affect existing networks? Will the
“big data” created in the cloud over-
whelm the Internet or clog the cellular
systems? Will the EMI from billions of
wireless nodes overwhelm the spec-
trum? While most applications only
generate small bits of data usually at low
speeds at low power, will the volume of
billions of connections bring our net-
works to their knees? We shall see. B8]
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Scopes Move Into
A More Intelligent Future

The basic bench oscilloscope’s days are numbered as new devices integrate adaptable
and easy-to-use functionality that used to require multiple tools.

istorically, one of the things that has characterized

oscilloscopes was that learning to use one prop-

erly was a little like learning to fly a small plane. It

wasn't all that hard, but it took some engineering
knowhow, a bit of practical experience, and a good teacher
before you were adept.

That’s been changing over the last few years. Downloadable
firmware has made scopes a lot more versatile in terms of how
well they can concentrate on the measurements needed for
specific tasks. These days, it’s all in the software.

EASE OF USE TAKES CENTER STAGE

Test and measurement vendors often will assert that their
particular instrument sets the standard for intuitive oper-
ation and ease of use. Most of today’s innovation around
tools for validating or debugging electronics designs isn’t
about speeds and feeds, but more “touchy feely” factors like
usability, productivity, and intui-
tive operation. While it’s easy to
dismiss improved usability as a
significant development, the day-
to-day requirements placed on
design engineers suggest that it
has emerged as a critical feature.

First off, there’s the question of
emphasis. Design engineers first

Along the same lines, economic pressures and budget cuts
mean today’s engineer must be a jack of all trades. The engi-
neer in the past who could focus on digital design now must
get involved with validating power supplies or sorting out
wireless local-area network (WLAN) interference problems.

To make those different tasks easier, automated measure-
ments and test suites are becoming increasingly important.
From power analysis measurements like switching loss and
safe operating area to common measurements on an RF radio
like occupied bandwidth and channel power, these automated
measurements make highly complex measurements simple
and repeatable even for engineers whose primary jobs revolve
around design.

Using the various tools, designers can take on many com-
mon tasks such as validating the operation of an embedded
power supply or checking the functionality of an integrated
wireless radio module without complex programming. Given
the importance of usability, auto-
mation, and versatility for many
designers, advanced test suites
now are becoming available on
more affordable instrumentation.

THE IMPORTANCE OF RAPID
ANALYSIS
Following the incorporation of

and foremost are designers, not
necessarily test and measurement
experts. The time they spend

greater computing power in digital
oscilloscopes, vendors have pulled
increased measurement func-

building test fixtures, writing
MATLAB scripts, or struggling
with complex, convoluted user
interfaces all equate to lost time
doing what they are really good
at—designing.
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1. The Rohde & Schwarz RTE oscilloscopes are available
with two or four channels and bandwidths from 200 MHz to
1 GHz. They sample at 5 Gsamples/s and store 10 Msamples
per channel (expandable to 50 Msamples per channel).

tionality into these instruments.
Through software systems for
compliance testing, full “push but-
ton” pass/fail analysis of popular
buses such as USB and Ethernet is
now possible.
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Additionally, these software packages can even decode and
provide compliance or signal quality tests for RF signaling.
Near-field communications (NFC) is a standard that can be
difficult to ensure interoperability on. Utilizing an automated
software package can provide confidence and consistency to
the evaluation of these signals.

Now that the automation of common digital standards
has been incorporated into modern oscilloscopes, the next
frontier of complex new problems arises. The introduction
of these very same RF signals and the high-speed signals in
many digital standards brings about yet another challenge for
designers in the modern era.

The high switching rates of these signals and the power
levels of some RF signals can cause significant electromagnetic
interference (EMI) issues. The problems created can range
from in-system issues such as coupling into nearby and lower
power traces to EMI compliance standards issues.

One example might be a buck converter (step down) power
supply operating at 600 kHz that is taking a 12-V input and
creating a 1.8-V supply to another part of the system. Nearby
signal traces might see coupling from the harmonics of this
supply during certain load conditions. If a test engineer only
sees the disturbance and cannot trace back to the source, how
will the designer modify the design for proper functionality?

Another example is FCC Class-B radiated emissions
between 30 MHz and 1 GHz at 3 meters. These emissions
cannot exceed 40 dbuV/m (or 54 dbuV/m, depending on the
frequency band). Often, engineers don’t think about the EMI
issues during the debug phase. So, what is to be done when the
test report comes back with a failing result?

Enter the next advance in oscilloscope technologies. Utiliz-
ing hardware-based fast Fourier transform (FFT) technol-
ogy and highly sensitive front ends with high dynamic range,
some modern oscilloscopes also can function as a spectrum
analyzer with perfect correlation to the time domain. This
technology allows for both of these issues to be understood,
debugged, and resolved.

The major contribution allowing this has been the movement
of FFT analysis into hardware in the oscilloscope architecture.
This creates a high update rate or “feel” when using an FFT
to give the impression of a live spectrum update. Using
an oscilloscope like this provides multiple benefits over
a traditional approach using a separate oscilloscope and
spectrum analyzer.

Due to the broadband nature of the oscilloscope, multiple
gigahertz of spectrum can be viewed at once. Transient and
intermittent signals at varying frequencies then can be seen
and analyzed at the same time. You might not always know

GO TO ELECTRONICDESIGN.COM

where specifically to look within the spectrum. With a high-
update-rate FFT, you can look everywhere.

Interference between harmonic signals or non-harmonic
anomalies can be quickly identified and traced back into the
time domain. This could allow for fast troubleshooting of a
power supply that is creating distortions in nearby signals.

Stopping on an event utilizing frequency masks can allow
for time-relevant debug of intermittent events and even the
ability to go back in time to evaluate root cause events. This
might be utilized when a rare but significant event turns on
and causes an EMI violation in the chamber.

Modern oscilloscopes such as the recent RTE series and
the popular RTO series from Rohde & Schwarz are bringing
measurements like these to oscilloscopes, starting at 200 MHz
(Fig. 1). Important considerations are the type of FFT being
used, along with the bandwidth needed for the analog mea-
surements and the frequency domain measurements needed.

WHEN MULTIPLE SERIAL-DATA PROTOCOLS ATTACK
The days when designers worked with one or two serial-data
protocols for any given project are largely over. Now, system
designs often integrate a host of serial protocols: SATA for the
disk drive(s), USB for external connectivity, DDR for memory
interfaces, and a display bus such as DisplayPort (Fig. 2).
Automated compliance testing has been one of the most
important trends in test and measurement in recent years.
Standards organizations for certain serial protocols such as
USB, PCI Express, and SATA have very strict “logo programs”
in which they specify a set battery of tests that an interface must
pass before they will permit their logo to grace the end product.
Without that logo, you will not be shipping your product with
that interface. Testing
is done at workshops
where engineers must

prove adherence to
the specification.

2. The QPHY-DisplayPort software for Teledyne LeCroy’s WaveMas-
ter/SDA/DDA 8 Zi series of oscilloscopes provides an automated test
environment for running all of the normative real-time oscilloscope
tests for sources in accordance with Version 1.1 of the Video Elec-
tronics Standards Association (VESA) DisplayPort PHY Compliance
Test Standard.
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With some other protocols, a test specification exists but
leaves compliance up to system integrators. In such cases,
compliance testing is still a necessity, especially for manu-
facturers of subsystems that integrate some serial protocols
(DDR and Serial Attached SCSI, or SAS, for example) so sys-
tem integrators have a performance baseline for comparison.

Given the compelling need to validate serial interfaces,
automated compliance testing continues to grow in popular-
ity. Once a compliance test package such as Teledyne LeCroy’s
QualiPHY is installed on a Teledyne LeCroy oscilloscope,
compliance testing becomes a pushbutton operation.

Distinct advantages emerge from the adoption of automated
compliance testing. First, there is a dramatic reduction in the
time and effort required for a given battery of tests. For each
test, the software presents the user with a connection diagram
to ensure the setup is correct. Second, it would be quite a chal-
lenge for an engineer to become an expert in the validation
of multiple serial-data standards. Automation eliminates that
requirement, as the software encapsulates all of the relevant
tests for a given standard as well as the specified measurement
limits for each test.

Automation ensures uniformity in testing no matter where
in the world it takes place. This promotes collaboration
between test and validation engineers for multinational or
global enterprises.

Then there is the matter of documentation, which is anoth-
er tedious aspect of compliance validation.

The automation software fully documents
measured values as well as the spec’s lim-
its for each test in the suite, comparing
measurements with the limits for a pass/
fail result. The software also attaches an
accompanying screen capture for worst-
case measurements.

With ever-rising bit rates, error mar-
gins for serial interfaces continue to
shrink. Compliance testing and interop-
erability between systems require

3. National Instruments chassis like this one for PCl Express combine
high-performance backplanes and a rugged, mechanical package.
The combination of hardware and NI’'s LabVIEW form a software-

defined test system that scales with increasing device complexity.

world. Embedded software now defines smartphones, set-top
boxes, and even automobiles. Now, the challenge is keeping
up with the pace of innovation and its resulting complexities.

Devices under test (DUTs) are moving away from single-
purpose, hardware-centric entities with limited capability to
multipurpose, software-centric entities with endless capabil-
ity. The software-defined philosophy embraces an architec-
ture that combines PXI, a modular standard, and National
Instruments LabVIEW system design software.

Through this approach, you can use technologies such as
multicore microprocessors, user-programmable FPGAs, PCI
Express hardware, and system design software to meet the
flexibility and scalability demand for future test and measure-
ment applications.

PXI, or PCI eXtensions for Instrumentation, is an open
specification governed by the PXI Systems Alliance (PXISA)
that defines a rugged, high-performance platform that’s opti-
mized for test, measurement, and control.

Since PXI is based on PC technology, it

takes advantage of the evolution in this

space, as with the introduction of PCI

Express in 2005.

Yet by 2007, Qualcomm saw 10 times
faster performance improvements com-
pared to its traditional approach by adopt-
ing PXI hardware and NI LabVIEW. As
its test needs evolved in 2012, Qualcomm

augmented its automated test system with

a user-programmable FPGA solu-

designers to validate devices for
timing, jitter, and other critical
parameters. The revolution in test
automation for compliance test-
ing goes a long way toward ensur-
ing first-pass design and debug
success.

tion (NI PXIe-5644R) from Nation-
al Instruments that saw a twenty-
fold improvement of test times over
‘ | its previous PXI solution and up
to 200 times compared to its tradi-
tional instrument solution (Fig. 3).
-y The software-defined instru-

EVOLVING WITH NEW

mentation approach uses open
software and modular hardware

TECHNOLOGY

The way we interact with devic-
es is constantly changing because
we live in a software-oriented
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4. Agilent Technologies’ M9393A PXI Express performance
VSA offers Agilent’s microwave measurement technology
in a PXI form factor for manufacturing and design valida-
tion of transmitters and components for radar, military,
satellite, and commercial wireless communications.

with key elements (multicore
CPUs, user-programmable FPGAs,
PCI Express, data converters, and
LabVIEW system design software)
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5. The basic bench scope still lives, but with a difference. In Febru-
ary, Tektronix introduced a $3500 platform in which every device sold
comprises a scope, a spectrum analyzer, an arbitrary function gen-
erator, a logic analyzer, a protocol analyzer, and a digital voltmeter/
counter. Dongles that cost $500 let customers choose the functions
they need and move those functions among multiple scopes.

to address the most demanding challenges. As instrumenta-
tion evolves to meet newer standards, more complex proto-
cols, and higher bandwidths, these tools provide a foundation-
al platform of a test approach that can stand the test of time.

PRE-DEFINED MEASUREMENTS

Wireless devices require fast, accurate testing, from basic
power and distortion measurements to advanced modulation
analysis. The complexity of modern wireless systems and sig-
nals complicates RF measurements in terms of both measure-
ment setup and interpretation.

One of the largest challenges faced is the need to reduce the
amount of time it takes to set up a test system while incorpo-
rating test algorithms that are in line with the latest standards,
can meet the most stringent test requirements, and don’t
require users to rewrite code or relearn testing procedures.

L&
gc c -

- -

- cE

From design and simulation software to R&D prototype
performance testing to high-volume manufacturing, Agilent
provides pre-defined measurement solutions, including appli-
cations with one-button test capabilities.

For example, the 89600 vector signal analyzer (VSA) soft-
ware and X-Series measurement applications from Agilent
Technologies provide pre-defined measurement algorithms,
standard setups, a range of graphic and tabular measure-
ment displays, and confidence in measurement results across
benchtop and modular signal analyzers throughout the prod-
uct development lifecycle.
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The 89000 VSA software user interface lets users perform
multi-channel signal analysis and demodulate more than 75
signal formats.

The standards-based X-Series measurement applications
focus on common and essential measurements. They are well
suited to design verification and manufacturing applications
where the essential RF tests are well defined and where speed
and simplicity are paramount.

To perform reliably over time, these algorithms must be
validated on example signals, including any changes in sig-
nal definition or modes as standards evolve. The algorithms
also must be regression-tested to ensure that related software
developments have no inadvertent effects.

Agilent tests the core algorithms to ensure that different
hardware platforms provide comparable results that allow
engineers to troubleshoot and optimize designs even when
the hardware acquiring the signal may be different. Agilent’s
M9393A PXI express performance vector signal analyzer
facilitates design characterization through the use of the pre-
defined tests (Fig. 4).

The Agilent software works with test equipment such as the
M9393A PXI VSA. The pre-defined measurement capabil-
ity provided by the combination of hardware and software
reduces the need for re-training and re-programming and
simplifies measurement setup, minimizing user errors in both
measurement setup and interpretation, enabling users to adapt
more quickly and easily as standards evolve and as new ones
are introduced.

AN ALTERNATIVE PARADIGM

Tektronix changed the rules of the game. The company
developed its most recently announced scope for the general-
purpose area by adding it to its mixed-domain line (while
shaving the price). The MDO3000 series portable/bench
scopes also embody a spectrum analyzer, an arbitrary function
generator, a logic analyzer, a protocol analyzer, and a digital
voltmeter/counter (Fig. 5).!

Don't need all that? These tools remain latent until you
unlock them with tiny dongles. There’s a single base price
and separate prices for each dongle. Tek calls them “chiclets,”
because, if you remember the candy-coated chewing gum,
that’s about how big they are.

The new thing is that each chiclet will only activate one
instrument at a time, but they’re portable. A company or a col-
lege can have a number of mainframes and a smaller number
of, say, spectrum analyzer chiclets. And, yes, there are security
protocols that make the chiclets replaceable if lost, but useless
in the wrong hands. &8

REFERENCE
1. “Mixed Domain Oscilloscopes: MDO3000 Series Datasheet,”www.tek.com/sites/
tek.com/files/media/media/resources/MDO3000-Oscilloscope-Datasheet-1.pdf.
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[P&E Specialist .
Focused On Growth

Top 50 distributor Sager Electronics is focused on

adding lines, building its power supply business, and

sharpening its focus on medical, industrial, and instru- .

mentation customers.

the new “up” in the electronics business, but Massachu-
setts-based Sager Electronics is trying to buck the trend by becoming more
of a business creator in the traditional original equipment manufactur-
ing (OEM) markets that it serves. The company is sharpening its focus
on medical, industrial, and instrumentation customers and adding new
product lines, especially in its power supply business. Sager Electronics

victoria.kickham@penton.com  APRIL 2014

Electronics Suppliers
Launch New Web Tools

Technology resources, product
finders, and revamped websites are
among the newest online services
from top component suppliers.

manufacturers
continue to revamp the online resources they
provide to meet engineers’ growing demands for
Web-based product information and technical
resources, as well as for online shopping. A micro-
site from Mouser Electronics, Coilcraft’s Power
Inductor Finder, and a top-to-bottom overhaul
of Onlinecomponents.com are among the newest

. offerings in the electronics supply chain.

MOUSER’S OSHW SITE

Mouser Electronics has launched a microsite,
available at mouser.com, dedicated to open-
source hardware (OSHW) technology. It offers
the latest information on OSHW boards and
accessories, including BeagleBone, Arduino,
Netduino, STMicroelectronics’ Nucleo, Texas
Instruments’ LanchPad, and Intel’s Galileo.

The site is the newest in the distributor’s line
of application and technology microsites, cover-
ing everything from automotive applications to
wireless mesh networking. Mouser now offers
25 specialized online application and technology
resources. The OSHW technology site features
schematic diagrams, technical details, and com-
patible expansion boards for the most common
OSHW boards. Videos, white papers, technical
articles, and other resources are available as well.

The project-oriented site enables developers
to easily sort and select parametric data for the
desired board requirements of their particu-
lar project, according to the company. Param-
eters include processor type and speed; number
of analog and digital inputs; wireless options
including Wi-Fi and Bluetooth; USB ports

Continued on Page 46
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IP&E Specialist

Continued from Page 45

president Frank Flynn says that these
strategies are central to the distributor’s
growth and expansion goals.

“We’re expecting growth in this valu-
able segment within the IP&E (intercon-
nect, passive, and electromechanical)
space,” Flynn said of the power supply
business during a recent interview with
Global Purchasing.

“As we see an opportunity to sup-
port design engineers at our customers
at a critical point in their design of new
products, developing our power program
ties into our overall strategy of demand
creation especially within our medical,
industrial, and instrumentation OEM
customers,” he added.

Flynn sat down with Global Purchasing
as part of our ongoing Top 50 executive
interview series to talk about how busi-
ness is unfolding early in 2014.

It’s still early in the
year, but how is 2014 shaping up for the
electronics industry in your opinion?
FRANK FLYNN: Like many segments of
the economy, the electronics industry
has been flat for a number of years. With
markets like housing and automotive
rebounding, economic cycles would
indicate it is time to expect growth in the
electronics industry.

At Sager Electronics, we are experi-
encing a strong daily activity level. Our
bookings have been solid and consistent
and we have had a positive book to bill.
While the economic backdrop may be
telling us that the market is flat, our goal
is to move beyond the market, and our
booking levels support that goal.

We are furthering our drive to be more
of a business creator. We're adding new
industry-leading lines to drive further
growth. We've enhanced our focus on OEM
customers specifically within the medical,
industrial, and instrumentation space.

Are there any par-
ticular bright spots in terms of end mar-
kets that your company is homing in on?
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FLYNN: More and more suppliers are
looking for support within the tradi-
tional markets of medical, industrial,
and instrumentation as North Ameri-
can manufacturing has transitioned away
from telecom, networking, and large
contract manufacturers. This is welcome
news for Sager as we are already well
established in these spaces and are posi-
tioned to build on this historical strength.

Because we aren’t chasing new mar-
kets, we are able to focus on our custom-
ers and their needs within these end mar-

“Like many segments of the economy, the

electronics industry has been flat for a num-
ber of years. With markets like housing and
automotive rebounding, economic cycles
would indicate it is time to expect growth in
the electronics industry,” said Frank Flynn,
president of Sager Electronics.

kets. For example, the medical market
is evolving rapidly as the need to sup-
port home-health-care options increases.
We're seeing a rise in portable medical
devices and other innovations to meet
these changing health care needs.

There is much

talk about wearable technology, medi-
cal electronics, and lighting—particu-
larly LED technology—as key growth
areas. Are those important areas for
your company?
FLYNN: Wearable technology is not a
focus area for Sager. We do not see our-
selves playing a role in high-volume con-
sumer devices.

However, as we previously referenced,
medical electronics is a sweet spot for
our company. As the population ages
and home-health-care needs increase,
there will be a corresponding increase in
the need for portable devices and local
health-care centers. Medical equipment
such as CPAP (continuous positive air-
way pressure), dialysis, and home diag-
nostic devices are increasing in volume
as care moves away from the traditional
hospital setting.

Lighting is a large and fragmented
market with many emerging customers.
While the overall market may not be a
focus for Sager, we are designing in and
selling LED drivers as part of our power
supply strategy. LED drivers represent
one of the faster-growing areas inside of
our power supply business.

What do you see

as some of the greatest supply chain
challenges facing your customers today,
and how is Sager helping to address
those issues?
FLYNN: The traditional challenges of the
supply chain really haven’t changed over
the years. It is still about reliability and
the speed of response. It is the nature
of our business. But in today’s business
environment, the flow of information
is even more critical. Product changes
and obsolescence, compliance, and
environmental issues around conflict
minerals, REACH (Registration, Evalu-
ation, Authorization, and Restriction of
Chemicals), and RoHS (Restrictions on
Hazardous Substances) challenge today’s
customers. Information is critical to
addressing these issues.

From our new product introduction
and product change notification sys-
tem, News2Know, to our BOM tool, and
our forecast management system, Sager
has implemented a number of commu-
nication tools to keep customers well
informed. We've put automation into our
forecasting tools that pushes information
directly into our planning system for our
purchasing team to act on. With inven-
tory in place to support forecasted needs,
we can help customers avoid problems.
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Technology changes. The ability to adapt, cost-effectively and
confidently doesn’t. Our products have kept pace with the times. Our service
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Digital Power Market On The Rise

The global market for digital power is set for rapid growth in 2014.

digital
power is on the rise, according to a new
report from industry researcher IHS
predicting “explosive growth” in the
segment this year. Revenues for digital

.......................................................................................................

:2018. THS points to the expansion of
: digital power into new applications as a
: key growth driver.

Electronics Suppliers
Continued from Page 45

including host, client, and/or OTG; and
video connectivity.

Detailed documentation and links
to supporting software for each board
are available for fast, direct download.
BeagleBone Capes, Arduino Shields, and
other compatible add-on hardware for
each board can be compared and select-
ed for a given project.

COILCRAFT’S POWER INDUCTOR
FINDER

Available at www.coilcraft.com/
PowerTool, Coilcraft’s Power Induc-
tor Finder Web tool lets users quickly
find and compare inductors based on
current, ripple, frequency, and ambient
temperature (see the figure). It combines
elements of other popular Coilcraft Web
tools and instantly calculates core and
winding losses, computes temperature
rise, and plots L versus I curves for up to
six parts on the same graph, according
to the company.

With the tool, users also can search
for a range of inductances and then
optimize those search results for size, dc
resistance, price, and other parameters.
In addition to seeing performance

power supplies and digital power ICs
are projected to increase nearly 65%
in 2014, the researcher said in a new
report, “The World Market for Digital
Power—2014.

or PDF files. Users also can request free
evaluation samples.

ONLINECOMPONENTS.COM GETS
REDESIGNED
Onlinecomponents.com has launched
a redesigned website with decision-
making resources and quick-sort fea-
tures while consolidating the user’s
experience. This authorized Web-based
distributor now offers flat-rate ship-

ping on both domestic and internation- :
: with advantages over traditional ana-
log power, particularly in reducing the
overall bill-of-material cost, according
 to Eykyn. It consolidates discrete com-
: ponents, reduces the carbon footprint,
“increases power density, provides the
 ability to monitor and optimize power
: levels and system requirements while in
: operation, and speeds time-to-market
: for products.

chase-oriented website,” says Jane Judd, :
: mented nature of the power supply mar-
: ket and resulting high level of compe-
! tition. The largest players in the power
supply market are Delta Electronics,
 at roughly 10% of the market; Eltek, at
: roughly 9%; and Emerson, also around
: 9%, the researcher says. Texas Instru-
: ments leads the digital power IC market,
¢ with an estimated 9.8% of the market,

al orders, accepts additional payment
methods including PayPal, and lets users
complete orders faster and easier with an
enhanced checkout process. Aside from
mechanical changes, the site is also more
visually appealing, the company said.
“With a clean Web interface coupled
with our growing customer service team,
we are commiitted to providing our cus-
tomers with an informative and pur-

general manager at Onlinecomponents.
com. The company features more than
1 million products for sale—350,000 in
stock and ready to ship from 300 dif-
ferent brands. The website is already
preparing to enhance the “my account”
section and include a “best in class” bill
of materials (BOM) tool too.

at actual ambient temperature,
users can evaluate the effects of |-
self-heating as current is applied.
Coilcraft’s new tool is designed
to provide a better user experi- |==

Power Inductor Finder

ence with the ability to move and

delete columns, view only select- Coilcraft’s Power Inductor Finder Web tool lets users

ed products, see actual-size pho- quickly find and compare inductors based on current,

tos, and export results to Excel ripple, frequency, and ambient temperature.
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Global revenue for digital power sup-
plies will approach $3.3 billion in 2014
before climbing to $11.8 billion in 2018,
according to IHS. Global revenue for
digital power ICs will top $605 million
in 2014 and then reach $3.1 billion by

“The market for digital power solu-

: tions is already well-established in the
: server and telecommunication markets,”
: said Jonathon Eykyn, power supply and
i storage component analyst for THS.
: “However, IHS is now starting to see
: growing adoption across a much broad-
¢ er range of products and applications,
: which is driving rapid growth?”

Digital power provides customers

The report also points to the frag-

 followed by Infineon at 9.6% and Power-
: vation at 8.9%.

“Both the digital power supply and

digital power IC markets remain fairly
: fragmented, with no suppliers having a
: dominant position,” Eykyn said. “This
: means that competition and innovation
: remain high as companies seek to win
: major customers.”
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Technical Notes

The Avago Advantage

AvaGo

TECHNOLOGIES

Reduce IGBT Gate Drive Design Costs

and Space

Introduction

The ACPL-337] is an advanced highly integrated gate drive optocoupler,
designed to ISOLATE, DRIVE, PROTECT and FEEDBACK the IGBT's
operational status.

It has a rail-to-rail output that can deliver 4A of maximum current capable
of driving high power IGBT directly. The integrated DESAT detection
protects the IGBT during short circuit condition and the isolated feedback
reports this fault to the controller.

In addition to these basic functions, the ACPL-337) integrates more
new features to further reduce external discrete components used by
designers to improve the system overall power efficiency and reliability.
The end result is an easy-to-use, compact and affordable IGBT gate drive
optocoupler solution.
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Figure 1. Functional diagram of the ACPL-337J gate drive optocoupler

In the Beginning

Optocouplers are used to provide high voltage reinforced galvanic
insulation and noise isolation in inverter or motor drives applications.
Basic gate drive optocouplers which can deliver high output current
are usually used to charge and discharge the gate capacitance of the
IGBT in order to switch the IGBT on or off quickly. A current buffer is
sometime used when driving higher power IGBT.

IGBT desaturation sensing circuit, which is made up of discrete
components like voltage comparator, constant current source and
transistor switches are used to protect the expensive IGBT during
short circuit fault. This fault will give feedback to the low voltage
controller side through another galvanic isolated path, usually a
digital optocoupler.
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Figure 2. Basic gate driver optocoupler and discrete components to
isolate, drive, protect and feedback IGBT’s operation status

The First Integration

Avago Technologies first integrated the complete gate drive solution
to isolate, drive, protect and give feedback into the HCPL-316J. The
HCPL-316J is the first 2.5A gate drive optocoupler with integrated DESAT
(desaturation) detection and isolated FAULT feedback.
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Figure 3. HCPL-316J, 2.5A gate drive optocoupler with integrated
DESAT detection and isolated FAULT feedback

To further maximize design flexibility, the HCPL-316) also comes with
undervoltage lockout (UVLO) to prevent insufficient gate voltage from
driving the IGBT and “soft” IGBT turn-off to prevent high voltage turn off
transient stress across the IGBT.
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Over the years, designers have been adding more peripheral circuits
to meet the increasing demand of higher power, better efficiency and
reliability in inverter and motor drives. The circuits include:

To Improve Efficiency
« Current buffer to switch the IGBT faster for lower switching loss

« Higher positive supply to compensate for current buffer voltage drop
to achieve optimum gate voltage

To Improve Reliability
- Negative supply to ensure IGBT switch off safely
« Extra blanking current source to prevent false DESAT fault detection

+ UVLO feedback to report insufficient supply causing low IGBT
gate voltage

« Direct LED drive with split resistors network to improve the common
mode rejection ratio (CMRR)
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Figure 4. Peripheral circuits to improve the efficiency and reliability of
the IGBT gate drive

More Integration

The new ACPL-337Jis Avago’s response to customer feedback for a compact
gate drive optocoupler solution to further integrate peripheral circuits.
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Figure 5. ACPL-337J, a compact gate drive optocoupler solution to
simplify the design and board layout

The 4A high output current can be used to eliminate the current buffer
and drive the IGBT directly. The rail-to-rail output can reduce the supply
voltage and drive the gate of the IGBT without voltage drop. The integrated
active Miller clamp can replace the negative supply by shunting parasitic
Miller current away and prevent the IGBT from switching on accidentally.
The internal DESAT blanking current source is increased by 4 times to
charge a bigger blanking capacitor. A bigger blanking capacitor will be
able to filter out transient noise more efficiently and prevent false fault
triggering. The single isolated feedback path is able carry both DESAT and
UVLO fault signal to the low voltage controller side. The controller can use
the UVLO feedback as “Ready” signal to begin high voltage IGBT operation
or to shut down the operation if the secondary side power supplies go into
fault. Lastly, the integrated LED driver allows easy interfacing between the
controller and the gate driver. The flexible configuration of the LED driver
will allow direct access to the LED to balance its input impedance and
improve the CMRR.

Summary

The ACPL-337J highly integrated features reduce external components
greatly, providing a complete cost-effective gate drive solution for motor
control and power inverter applications.
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Figure 6. Schematic view, reduce systems costs and board space using ACPL-337J

Contact us for your design needs at: Www.avagotech.com/acpl-337J

Avago, Avago Technologies and the A logo are trademarks of Avago Technologies in the United States
and other countries. All other trademarks are the property of their respective companies.

Data subject to change. Copyright © 2014 Avago Technologies
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Q&A

ELISABETH EITEL | Senior Editor, Machine Design

elisabeth.eitel@penton.com

DARPAS Gill Pratt Explains

Compliant Actuators For Robofic Design

ow on loan to the Defense Advanced Research Projects
Agency (DARPA), Dr. Gill Pratt is a professor of electrical

and computer engineering at Olin College in Needham,

Mass. When he was at the Massachusetts Institute of Technology Leg

Lab in the 1990s, he developed compliant actuators known as series

elastic actuators (SEAs) with his graduate student Matt Williamson.

Since then, these mechanical devices have spurred a veritable revolu-

tion in robotic design and electronics.

0: What are SEAs?

A: An SEA is a traditional motor-
powered actuator thats fitted to a load
with a spring in between (see the fig-
ure). They change the robotic-motion
problem from one of positioning to
one of force control. Gearmotors, by far
the most common actuator in robotics,
are good position sources. But they’re
inaccurate force sources because their
gears exhibit variable friction, includ-
ing stiction.

SEAs make for relatively cheap
robotics by putting a spring after the
geartrain and adding simple feedback
controlling the spring’s amount of
deflection. So for the low added cost
of incorporating a spring, SEAs get
high-fidelity force actuation, even if
they’re built with inexpensive motors
and gears.

Engineers can also design mobile
robots with SEAs to interact with
uncontrolled and unpredictable envi-
ronments, or store some energy in the
spring when it contacts the environ-
ment, and then release the energy
afterwards.
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0: Particularly in robotics, SEAs
enable new designs because they
impart compliance. But what specific
problem were you trying to solve when
you developed SEAs?

A: We were trying to develop walking
robots. One of the questions was how

we could build them to move through

This SEA variation uses one motor (off

to the right) to articulate the joint and
another (background) to tension the spring.
A robot with this type of SEA in its joints
can respond to loads with a wide range

of force. Called a MACCEPA, the actuator
was developed by the Robotics & Multibody
Mechanics Research Group, Vrije Universit-
eit, Brussels. As with other SEAs, a simple
mechanical spring (foreground) imparts

compliance.

rough terrain without needing lots of
software control. We wanted to simplify
the problem by changing the mechani-
cal design of the machine itself.

Major manufacturers focus on build-
ing sophisticated industrial robots for
tasks such as machining, painting, and
welding. These must be precise and stiff
and hold position reliably. In contrast,
tasks of scribing or grinding are better
under force control, not position con-
trol. But the difficulty at the time was
doing it inexpensively.

0: Why didn’t existing robotic actua-
tion work?

A: They just don't adapt well when engi-
neers try to apply them to jobs requir-
ing them to move over rough terrain.
That’s because many industrial robots
are designed for either tightly con-
trolled contact or no contact at all with
the environment.

For example, on painting robots, the
end tool doesn’t touch work surfaces.
The same can be said of welding robots,
though the end tool technically makes
fluid contact with work surfaces.

In fact, we weren't the only research
engineers working on compliant force
control. Such designs actually have a
long history and have proved advanta-
geous for a lot of tasks.

0:Did you find any inspiration in the
designs of nature?

A: Yes, we found inspiration in the
design of animal legs, with muscles,
tendons, and bones arranged to output
soft motion and traverse a world with
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hard surfaces that dictate positions of
contact with soft locomoting forms.

To comply with the solid and unyield-
ing environment, we must be soft. So, I
figured we needed actuators that would
automatically adjust to the location of
objects in the world.

Think about it. Compliant actua-
tors in nature are built to specific tasks.
Human muscles connect to joints
through relatively stiff tendons. In
contrast, the Achilles tendons in kan-
garoo legs are far more compliant to
store energy for efficient hops. Robotic
designs have the same range of com-
pliance. Some in traditional precision
robots drive applications needing high-
bandwidth position control. Others
with lots of elasticity are quite soft to
drive robots needing force control.

0: Were there any other sources of
inspiration?
A:Ialso found inspiration in mechani-

cal analogs to switched-mode power
supplies. I trained in electrical engineer-
ing and worked on designing switched-
mode power supplies and inverters to
drive motors for electric cars.

At the time, the old technology was
voltage mode, in which a power supply
puts out a certain voltage. But newer
power supplies and motor drives used
current mode, with an inner control
loop generating a certain amount of
current. Transmogrifying voltage and
current into the mechanical world gives
velocity and force.

Therefore, I thought we should do in
the mechanical world what had been
done in electronic design of power sup-
plies. So we built an inexpensive SEA
precursor with a spring in series, essen-
tially closing an inner feedback loop on
the amount of spring deflection.

To be clear, vector control of electric
motors is the latest innovation in the
motor-drive field. The technology that

inspired me was for control of current
in motor windings, which predates vec-
tor control. Perhaps in time we'll see
more equivalent advances in mechani-
cal design.

0: How safe are SEA-driven robots
around people?
A:Besides their lower cost and effi-
ciency, another advantage of SEAs is
that they’re inherently safe to oper-
ate around people. Remember that a
geartrain attached to a motor multiplies
the effective inertia by the square of
the gear ratio. Therefore, even small,
high-speed motors with a safe inertia
may need gearing to slow the output
and raise torque. That raises the effec-
tive output inertia on the robot link to a
level that’s enough to injure a person, as
the arm would hit the person like a very
large mass.

In contrast, including a spring in the
actuator is the same as putting a big
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much money a designer spends on a
robot. The reflected inertia will always
be there unless you put compliance
between the geartrain output and
load. In this regard, the cost advantage
of SEAs is a happy byproduct of the
design, because even with an infi-

cushion between the mass and person.
Then the feedback loop acts to try to
control the force of the interaction in
the event of contact.

In fact, trying to reduce reflected
inertia was part of what drove the
SEA design. It doesn’t matter how
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nite budget, nobody can build a stiff
position-control robot that bounces off
obstructions.

0Q: How do SEAs boost efficiency?

A: Today, the question is how to further

increase efficiencies, because many
consumer-priced robots are low-power
devices and need the highest actua-
tor efficiency possible. We take SEA
efficiency for granted because energy
doesn’t have to go through the geartrain
and motor to the power supply and
then work its way all the way back to
the joint for the energy to be stored and
then let back out. Rather, it gets stored
in the spring and released directly from
the spring, so there are fewer losses
than working through a geartrain.

0: Can designers customize an SEA to
specific applications?

A: Yes, geometries abound. William-
son made a cross-shaped torsional
spring for MIT’s COG robot, and other
designers have developed straight
springs. Some are proprietary, so I can't
comment on them. Even so, a few SEA
designs let engineers tune the mechan-
ical compliance with the spring itself
rather than the control system used in
feedback around the spring.

A large European research pro-
gram called the Variable Impedance
Actuator (Viactor) is investigating that
approach. I'm not sure which applica-
tions will benefit from tuned compli-
ance, as it adds cost and complexity.
But such designs let engineers tune
the mechanical characteristics over
time, perhaps useful when a simpler
option—to pick a fixed spring rate and
let controls do the rest—isn’t possible.

There are also myriad ways to design
SEA springs. Should it be linear or
nonlinear? SEAs with linear springs are
more common, but SEAs with nonlin-
ear springs get stiffer the more they’re
stretched. These nonlinear springs
benefit designs because their fidelity is
a constant fraction of how much force
the actuator generates. &%l
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Wireless Vibration Sensors Enable
Continuous And Reliable Monitoring

Before you install a wireless sensor network, though, take note of 10 factors that will

affect your data collection process.

sing factory automation to

improve overall efficiency is a

primary focus in today’s man-

ufacturing. Organizations are
shifting in this direction not only because it
increases their bottom line, but also because
it helps reduce or eliminate the severe costs
of equipment downtime. Rather than rely-
ing on advanced methods to apply statisti-
cal data to predict maintenance needs, or
simply having better-trained technicians,
process control and predictive maintenance
program developers can use wireless vibra-
tion sensors to enable accurate real-time
analysis and controls.

Precision industrial processes increas-
ingly are relying on efficient and consis-
tent operation of motors and associated
machinery (Fig. 1). Imbalance, defects, loose fittings, and
other anomalies in the machinery typically translate into
vibration and loss of precision, as well as safety concerns and
inefficient performance. When these are left unaddressed,
productivity losses become inevitable if equipment needs to
be taken off the assembly line for repair. Even slight shifts in
equipment performance, usually difficult to predict in a timely
manner, quickly translate into measurable lost productivity.

Process monitoring and condition-based predictive main-
tenance help, and there are proven approaches for avoiding
productivity loss. However, the value of these approaches is
matched by their complexity. Existing methods have limita-
tions, particularly when it comes to analyzing the vibration
data—no matter how it’s collected—and isolating error sources.

Typical data collection approaches include handheld data
collection tools and simple piezo-based sensors mounted to
the machinery. These methods have a number of limitations,
particularly when compared with the ideal solution of a com-

GO TO ELECTRONICDESIGN.COM

1. Factory process control and maintenance automation represents a high-value target for

wireless sensing networks.

plete detection and analysis system that can be embedded in
the machinery and act autonomously. Before implementing a
fully, embedded, and autonomous sensing system, it is impor-
tant to understand and consider 10 factors that affect the data
collection process, ranging from highly repeatable measure-
ments to proper documentation and traceability.

ACCURATE AND REPEATABLE MEASUREMENT

Existing handheld vibration probes offer some implementa-
tion advantages (Fig. 2). They do not require any modification
to the end equipment. They’re also relatively highly integrated,
given their large (brick) size, enabling sufficient processing
and storage. One major drawback is the lack of repeatable
measurements, though.

Slight differences in the probe location or angle will pro-
duce inconsistent vibration profiles, making time compari-
sons inaccurate. Therefore, the maintenance technician is left
wondering whether any observed vibration shift is due to an
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2. Existing manual probe methods for equipment vibration shift moni-
toring lack repeatability and reliability.

actual change within the machinery or just a change in the
measurement technique. Ideally, the sensor would be both
compact and integrated sufficiently to allow direct and perma-
nent embedding within the equipment, eliminating any con-
cerns of measurement location shift and allowing complete
flexibility in the scheduling of measurements.

FREQUENCY AND SCHEDULING OF MEASUREMENTS

Process monitoring can be particularly valuable in a pro-
duction facility for high-value equipment, as in the manufac-
ture of sensitive electronic components. In this instance, sub-
tle shifts in the assembly line may lead to reductions in factory
output, as well as critical end-equipment specification shifts.
An obvious limitation of the handheld probe approach is the
lack of real-time notification for inaccurate vibration shifts.

The same is true for most piezo-based sensors, which typi-
cally have a very low level of integration (transducer only
in some cases), with the data transferred elsewhere for later
analysis. These devices require external intervention, pre-
senting a chance of missed events and shifts. In contrast, an
autonomous sensor processing system that includes sensor,
analysis, storage, and alarm capability all in a small form factor
delivers the fastest notification of vibration shifts and best can
show time-based trends.

UNDERSTANDING THE DATA
Real-time notification from an embedded sensor is only
possible if frequency domain analysis is employed. Any given

equipment typically has multiple sources of vibration (bearing
defects, imbalance, gear mesh), including those sources that
are by design, such as a drill or machine press that produces
vibration during standard operation. A time-based analysis
of the equipment produces a complex waveform, combining
these multiple sources and providing little discernible infor-
mation prior to fast Fourier transform (FFT) analysis.

Most piezo-based sensor solutions rely on external com-
putation and analysis of the FFT. This not only eliminates the
possibility of real-time notification, it also places a substantial
additional design burden on the equipment developer. With
embedded FFT analysis on the sensor, vibration shifts can be
isolated to specific sources immediately. Adding a fully inte-
grated sensor also can reduce development time for equipment
designers by six to 12 months, depending on the completeness
and simplicity of the fully integrated and autonomous sensor.

DATA ACCESS AND TRANSMISSION

While embedded sensing is an ideal way to achieve accurate
and real-time trend data, it complicates the task of transfer-
ring data to a remote process controller or operator. Embed-
ded FFT analysis assumes that the analog sensor data has been
conditioned and converted to digital to support simplified
data transmission. In fact, most vibration sensor solutions in
use today are analog output only, leading to signal degradation
during transmission and complex offline data analysis.

Given that most industrial equipment requiring vibra-
tion monitoring tends to exist in noisy, moving, inaccessible,
and even dangerous environments, there is a strong desire to
reduce the complexity of interface cabling and to perform as
much of the data analysis at the source as possible to capture
the most accurate representation of the equipment vibration.
A wirelessly enabled sensor node facilitates immediate access
and greatly simplifies the deployment of the sensor network at
a significantly reduced cost.

DATA DIRECTIONALITY

Many existing sensor solutions are single-axis piezo trans-
ducers. These piezo sensors provide no directionality infor-
mation, so they present a limited understanding of the equip-
ment vibration profile. The lack of directionality translates
into the need for very low-noise sensors to enable the nec-

3. The ADIS16229 MEMS-based sensor node offers a 902.5/927.5-MHz RF link to the ADIS16000 gateway controller.
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essary discernment. The availability of
multi-axis MEMS-based (microelec-
tromechanical systems) sensors allows
a significant increase in the ability to
isolate the vibration source, while also
potentially improving cost.

LOCATION AND DISTRIBUTION

Equipment vibration profiles are
complex, time-shifting, and susceptible
to variances based on the equipment
materials and location. The question
of where to place sensors is critical, but
also highly dependent on the type of
equipment, the environment, and even
the life cycle of the equipment. With the
high cost of sensor elements limiting the
number of probe points to one or a few,
this question is more critical.

This means either significant addi-
tional upfront development time to
determine optimal placement through
experimentation is required, or, in most
cases, it compromises the quality and
amount of data to be captured. The exis-
tence of more fully integrated sensor
probes at a fraction of current costs can
allow placement of multiple probes per
system and less upfront development
time and cost.

LIFE-CYCLE SHIFTS

While a handheld monitoring sys-
tem approach can perhaps be tailored
to changes (periodicity, amount of data,
etc.) over time, providing that same life-
cycle based customization in an embed-
ded sensor requires upfront attention
during design and deployment to allow
the needed tunability.

The transducer component, regardless
of technology, is important. But sensor
conditioning and processing wrapped
around the transducer is typically more
critical. The signal and sensor condition-
ing and processing is specific to unique
equipment and its life cycle. This trans-
lates to several vital considerations in
sensor design.

Earlier analog-to-digital conversion
allows for configuration and tuning

GO TO ELECTRONICDESIGN.COM

in-system. The ideal sensor would pro-
vide a simple programmable interface
that would streamline equipment setup
through quick baseline data captures,
manipulation of filtering, programming
of alarms, and experimentation with
different sensor locations. With exist-
ing simple sensors, some sensor settings
must be compromised to accommodate
changes in maintenance concerns over
the life of the equipment.

For instance, designers need to deter-
mine if the sensor should be configured
for early life, when equipment faults are
less likely, or end-of-life, when faults are
not only likely but potentially more det-
rimental. The preferred approach is an
in-system programmable sensor that
configures to changes during the life
cycle. For example, relatively infrequent
monitoring (for lowest power consump-
tion) should be used during the early
life cycle, followed by reconfiguration
to frequent (user programmed peri-
od) monitoring once a shift (warning
threshold) has been observed.

PERFORMANCE SHIFTS/TRENDS

Adapting the sensor to changes in
equipment life cycle somewhat depends
on knowledge of a baseline equipment
response. Even simple analog sensors
can allow this, assuming the opera-
tor takes measurements, performs the
offline analysis, stores this data offline,
and somehow properly tags to the spe-
cific equipment and probe location.

A preferred and less error-prone
approach would allow baseline FFT
storage at the sensor head, eliminating
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4. Six remote sensor nodes can autono-

mously detect, collect, and process data and
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node.
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DesignSolution

any potential for misplaced data. The baseline data also helps
with establishing alarm levels, which again would ideally be
programmed directly at the sensor. Therefore, in any subse-
quent data analysis and capture where warning or fault condi-
tions are detected, a real-time interrupt can be generated.

DATA TRACEABILITY AND DOCUMENTATION

Within a factory, a proper vibration analysis program may
be monitoring tens or even hundreds of locations, whether
by handheld probe or embedded sensor. Over the course of a
given piece of equipment’s lifetime, this may produce the need
to capture thousands of records. The integrity of the predic-
tive maintenance program depends on the proper mapping to
location and time of the sensor collection point. For the low-
est risk, and the most valuable data, the sensor should have a
unique serial number and the ability to time stamp the data, in
addition to embedded storage.

RELIABILITY

This discussion highlights methods to improve existing
sensor-based approaches for vibration monitoring related to
process control and predictive maintenance. In that spirit of
fault tolerance and monitoring, the sensor itself should be

scrutinized. What if the sensor becomes faulty (performance
shift) rather than the equipment? Or, when operating with a
fully autonomous sensor, how confident can we be that the
sensor continues to work at all? With many transducers, such
as piezo-based, this presents a serious limitation, as they have
no means of providing any sort of in-system self-test.

There is always a lack of confidence in the consistency of
data recorded over time. In the end-of-life critical monitor-
ing phase where real-time fault notification is time and cost
critical (not to mention a significant safety concern), there is
always a concern that the sensor could become non-function-
al. An essential requirement of a high-confidence process con-
trol program is the ability to remotely self-test the transducer.
Fortunately, this is possible with some MEMS-based sensors.
An embedded digital self-test closes the final gap on a reliable
vibration monitoring system.

IN THE FIELD

The ADIS16229 digital MEMS vibration sensor with embed-
ded RF transceiver from Analog Devices is an example of a fully
autonomous and wireless frequency domain vibration monitor
capable of all of the advantages outlined here. It features embed-
ded frequency domain processing, a 512-point real-value FFT,
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Monolithic No-Opto Isolated F
Versutile Solution

Design Note 525

George Qiun

Introduction

Traditionally, isolated power supplies use an opto-
coupler in the feedback loop to transfer regulation
informationacrosstheisolation barrier. Unfortunately,
anopto-coupler’s gain characteristic varies widely over
temperature and lifetime, increasing the difficulty of
power supply loop compensation.

Linear Technology’sline of no-opto flyback converters,
suchasthe LT®3573,LT3574,L13575,LT3511,LT3512
and LT8300, simplify flyback design by incorporating
a primary-side sensing scheme, thereby eliminating
the need for an opto-isolator.

The LT8302 monolithic no-opto flyback converter
has an integrated 65V/3.6A DMOS power switch with
internal loop compensationand soft-start. The LT8302
can operate from an input voltage as low as 2.8V to
42V, and deliver output power up to 18W. It offers
low ripple Burst Mode® operation at light loads,
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2.8V T0 31 5V %
32V
g 220F 85 . Vinz 12V
1uH e =TT R ~
Vin > 80 Lo Ea=F N
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— INTVee 115k 310k 55
= TC

= Fo1

Figure 1. Complete 5V Isolated Flyback Converter
for a 2.8V~32V Input

yback Converter Provides

providing low standby power loss, and features a low
component count.

Performance and Ease of Use

The LT8302 simplifies the design of an isolated
flyback converter by sampling the isolated output
voltage directly from the primary-side flyback
waveform. This solution requires no third winding
or opto-coupler for regulation. The output voltage
is programmed with two external resistors and an
optional third temperature-compensation resistor.
By integrating loop compensation and soft-start,
the device minimizes the number of required exter-
nal components, as shown in Figure 1. Boundary
mode operation allows the use of a modestly sized
transformer, while maintaining excellent load regula-
tion. Low ripple Burst Mode operation vyields high
efficiency at light load while minimizing the output

voltage ripple.
L7, LT LTC, LTM, Linear Technology, Burst Mode and the Linear logo are

registered trademarks of Linear Technology Corporation. All other trademarks
are the property of their respective owners.
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Figure 2. Efficiency of the Flyback
Converter in Figure 1
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Figure 3. Negative Input to Positive Output
Buck-Boost Converter

Figure 1 showsacomplete LT8302 flyback schematic.
This converter has up to 85% efficiency, as shown in
Figure 2, and sustains 82% efficiency ata 10mA load
with a 5V input, thanks to its low quiescent current.

Low lg, Low Preload and High Efficiency

At very light loads, the LT8302 reduces the switching
frequency while keeping the minimum current limit.
In these conditions, it enters low ripple Burst Mode
operation, wherethe part switches between sleep mode
and switching mode. The typical quiescent current is
106pA in sleep mode and 380pA in switching mode,
reducing the effective quiescent current.

The typical minimum switching frequency is about
12kHz, with the circuit requiring a very small preload
(typical 0.5% of full load). Therefore, the LT8302
power lossesin standby modeare very low—apriority
forapplications requiring high efficiency in always-on
systems.

Negative Input Power Supplies

In a typical negative input power supply, the IC’s
ground pin is connected to the negative input rail,
which is a varying voltage. As a result, its output
voltage changes with input voltage, assuming no
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Figure 4. Negative Input to Negative Output
Buck Converter

level-shiftcircuitry. LT8302’s unique feedback sensing
scheme can easily develop a regulated output voltage
directly through switch node voltage waveform, elimi-
nating the level-shift circuitry that would otherwise
be required.

Figure 3 shows a simple negative-to-positive buck-
boostconverter,and Figure 4 shows asimple negative-
to-negative buck converter.

Conclusion

TheLT8302 operates overaninputvoltage range of2.8V
to42Vanddeliversupto 18W ofisolated output power,
requiring no opto-coupler orthird winding. ltintegrates
a number of features to minimize component count,
including low ripple Burst Mode operation, internal
soft-start, undervoltage lockout, temperature com-
pensation and internal feedback loop compensation.

The LT8302 is ideal for a broad range of applications,
from battery-powered systems to automotive, indus-
trial, medical, telecommunications power supplies,
and isolated auxiliary/housekeeping power supplies.
The high level of integration yields an easy-to-use,
low component count, high efficiency and versatile
solution for isolated power delivery.

For applications help,
call (408) 432-1900, Ext. 3223

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com
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and on-board storage, providing the ability to identify and clas-
sify individual sources of vibration, monitor their changes over
time, and react to programmable threshold levels.

The device also provides configurable spectral alarm bands
and windowing options allowing analysis of the full frequency
spectrum via the configuration of six bands and two alarms
(warning threshold and fault threshold) for earlier and more
accurate detection of problems. At its core is a multi-axis,
wide-bandwidth MEMS-based sensor with configurable
sample rate (up to 20 ksamples/s) and averaging/decimation
options enabling more accurate assessment of even subtle
vibration profile changes.

The MEMS sensor provides a digital self-test mode to provide
continuous confidence in functionality and data integrity. The
device is fully embedded and programmable, enabling place-
ment close to the vibration source and early detection of small
signals in a repeatable way, avoiding data discrepancies due to
differences in location/coupling from measurement-to-mea-
surement, which can be the case when using handheld devices.

A proprietary 902.5/927.5-MHz wireless protocol interface
allows the ADIS16229 sensor node to be remotely located.
The ADIS16000 gateway node provides a standard serial

peripheral interface (SPI) to any system controller device, sup-
porting the ADIS16229 (Fig. 3). Up to six remote sensor nodes
can be controlled via the gateway (Fig. 4).

Fully integrated and reliable vibration sensors, capable of
autonomous and configurable operation, provide process con-
trol and enable predictive maintenance programs to signifi-
cantly improve the quality and integrity of the data collection
process, without the limitations and compromises posed by
past vibration analysis approaches.

With the high level of integration and a simplified program-
mable and wireless interface, these sensors also can enable a
more pervasive deployment of vibration sensing. Such fully
integrated sensors, which do not depend on retrofitted wiring/
infrastructure and more precisely and reliably detect perfor-
mance shifts, offer the opportunity to drastically reduce
upfront and recurring maintenance costs. =

BOB SCANNELL is a business development manager for Analog
Devices’ Inertial MEMs Products. He has been with ADI for 18 years
in various functions. He holds a BS in electrical engineering from the
University of California, Los Angeles, and an MS in computer engi-
neering from the University of Southern California.
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Frequency Quadrupler Enables Low-Frequency
Measurements, Spans Up To Four Decades

DAVID CONRAD | dconrad@yahoo.com
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1. The initial circuit implements x4 multiplication for inputs up to 40 kHz to enable effective frequency counting despite short frequency-

counter gating times.

IN FREQUENCY COUNTERS, THE gating time allotted for counting
is often too short to resolve low frequencies. A phase-locked
loop could be used to multiply the input frequency. But in
some cases, the signal changes too fast or too far for lock to be
acquired or maintained.

To solve the problem, the circuit of Figure 1 is used to multi-
ply the input frequency by a factor of four, spanning a range of
1 Hz to over 40 kHz, and it will track a step change anywhere in
that range. There is one issue with this simple implementation,
though. The constant delay at U2D (as seen at U3B output)
tends to cause counting-by-twos in the lower decades (Fig. 2).

Original frequency quadrupler

A circuit that eliminates this issue provides a quadrature out-
put over the frequency range (Fig. 3). Phase-lead and phase-lag
circuits are used to create a constant 180° phase difference with
respect to input frequency, at op-amp outputs (U5A and U5B).

Connecting the comparator inputs U6A and U6B to the op
amps U5A and U5B reduces the phase difference to 90°, as mea-
sured from one comparator output to the other. Constant phase
means variable delay, overcoming the issue with the circuit.

Figure 4 shows the benefits provided by the quadrature
circuit. The first XOR gate, U8A, produces the exclusive OR of
the two quadrature outputs, U7A and U7C. This multiplies the

input frequency by two. The second XOR

U3A I I

gate, U8D, produces a pulse for each posi-

tive and negative edge of the signal from

U2B T
U3B n

n UB8A, again multiplying by two. The result

2.5V

R
i i
’ S

20V

el

is four equally spaced output pulses at USD
for each cycle at the input.

Quadrature maintains equal output pulse
spacing as the frequency changes, so gating
the pulse train will always count by ones.
Quadrature is maintained within +0/-5°
from 1 Hz to 49 kHz, but is lost above 49
kHz with the circuit values shown.

i

19.6 20.0 204 208 21.2 21.6 220 224 228 232 23.6 240 244 248 252

Time (ms)

2. The circuit’s shortcoming is a tendency to initiate counting-by-twos at the lower ranges,

due to the fixed delay time of gate U2D.
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Accurate tracking speed may be limited
by the time required to acquire four output
pulses at the new frequency from a step
change to an accurate count, effectively a
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Frequency quadrupler

3. The addition of a quadrature function to the circuit changes the fixed delay time to a fixed phase difference, corresponding to variable time

delay, overcoming the problem.

delay of 1/f seconds. This implies that accu-

Quadrature quadrupler

rate tracking is a function of the input fre- U7A [

quency. Stepping from a higher to a lower u7c

frequency would require at least 1/fjgyer UsA[ LI Tl L LT L

seconds for the output to settle at four times usD

is a 5.6-ps pulse. This restricts the maximum  -500 mv

Y

[T I IBEEEL
the input frequency. 500 mV
The output pulse is set wide enough to be
reliably captured by the processor or other
counter input. If it is too wide, it will limit
the upper frequency at which multiplica- ov
tion can be achieved. Too narrow, and the
microprocessor or counter will miss counts.
With the components shown, the output
1.2 122 124 1.2

theoretical multiplied output frequency to
89.3 kHz (input frequency less than or equal

I I 1
6 128 130 132 134 136 138 1.40
Time (s)

to 22.3 kHz). The quadrature circuit com- 4. With quadrature and frequency multiplication by four at 20-Hz input frequency, the addi-

ponent values limit the maximum input fre-  tion of the quadrature circuit clearly improves performance compared to the initial circuit.

quency to 49 kHz or 196 kHz at the output of

the multiplier. If the output pulse width could be made as short
as 2.5 s, the maximum multiplied output frequency would
reach 196 kHz.

Adjusting component values can move the usable range of
multiplication higher or lower than that described here to fit
the user’s requirements. With faster op amps, comparators,
and logic components, the design might be able to perform at
RF frequencies. &%

DAVE CONRAD is a retired analog/digital hardware engineer
who learned electronics by reading (starting at age 6) publica-
: tions such as the ARRL Radlio Handbook, QST, and CQ and later :
from various library books and Popular Electronics magazine.This
wass followed by a few courses in electronics in high school and
junior colleges including TTL logic, along with learning on the job.
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Ultracaps Solve Diesel-Cranking Problems

arge-capacitance ultracapacitors offer something of a

design challenge. Providing tens or hundreds of Farads

for potential power storage, they demand new ways of

thinking about potential applications. They’re not simply
another kind of battery. As a rule, they have 10 times higher
power density (W/kg) than batteries, while batteries have about
10 times higher energy density (Wh/kg).

Maxwell Technologies has created two products that solve a
problem common to both long-haul and local delivery fleets.
Laws and regulations prevent these companies from keeping
their diesel engines running when they’re stopped for long peri-
ods. Thats complicated by the amount of power it takes to crank
diesel engines, which operate at much higher cylinder compres-
sion levels than gasoline engines. Compression, not spark, is
what it takes to ignite a diesel-air fuel mix.

With a conventional battery array, that's a problem. Long-haul
drivers use all kinds of appliances for light, entertainment, and

climate in the cab and trailer. That can leave scant power for
engine cranking. Short-haul companies must shut down the
engine at every stop, leading to more frequent cranking, which
may not give the batteries time to recharge between stops.

Maxwell’s ultracapacitor-based Engine Start Module (ESM)
product line includes one version for class 3 through 6 medium-
duty trucks and another version for class 7 and 8 heavy-duty die-
sel trucks. Each combines a charger/ultracap array and replaces
one or more of the batteries in the truck’s battery box, but is
devoted exclusively to cranking the engine during starting.

The original ESM product for long-haul trucks provides 1800
cold-cranking Amperes (CCA) and recharges in 15 minutes. It
functions from -40°F to 149°F and weighs 21 Ib. The ULTRA
31/900 is essentially half the larger version in a smaller package,
delivering 900 CCA. It weighs 16 Ib and matches the industry-
standard Group 31 battery form factor. It stays fully charged even
when the truck’s lead-acid battery is as low as 9.5 V. &€l
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New Products

Socket 153-Pin, BGA-Packaged e-MMCs
Without Affecting Performance
IRONWOOD ELECTRONICS’ Giga-snaP ball-grid array (BGA)
socket adapter pair allows 0.5-mm-pitch, 11.5- by 13-mm,
14x14 array e-MMC modules housed in 153-ball BGAs fo
be socketed and subsequently operated without compro-
mising performance in memory applications.The socket
adapter pair consists of the SFS-BGA153B-52 female BGA
sockets with BeCu pins assembled
info a substrate that matches the
male pin LSS-BGA153B-51 adapfer.
The RoHS-compliant SFS-
BGA153B-52 is soldered to a
printed-circuit board (PCB)
without warping. Both the
BGA socket and adapter
are built with high-femperature polyimide and an FR-4
body, which helps ensure matching up with target PCBs
and preventing failures due to CTE mismatch.The electri-
cal path of Giga-snaP BGA socket adapters, which is a key
performance issue, measures 3 mm from the top connec-
fion point on the male adapter to the solder ball on the
female socket.The short path provides better transmission
of high-frequency signals up to 20 GHz with -1-dB insertion
loss. Operating temperature ranges from -55°C to 160°C.
Current rating is 3 A per pin.
IRONWOOD ELECTRONICS

——

www.ironwoodelectronics.com

Crimp-Style Subminiature Connectors

Bring Flexibility To LED Apps

THE AUH series of wire-to-board, crimp-style, disconnectable
connectors, featuring a mated height of 1.85 mm, offers
greater flexibility and reliability for high-density applica-
fions, says developer JST Corp.The polarized, side-entry
(right angle), surface-mount connectors feature secure
friction locking when mated.They incorporate a socket
half that's mated with the header vertically. Wires come
out of the socket horizontally. Such construction allows
the header to be placed anywhere on the printed-circuit
board, enabling component placement all around the
header without causing mating concerns.The series is
available in three (two power/one signal) and five (four
poser/one signal) circuits with a 5.0-A (ac-dc) rating, us-
ing a 22 AWG wire at 30V ac-dc. Contacts accommodate
AWG 30 to 22 wire sizes and are gold-plated over nickel
underplated copper alloy base material. Operatfing fem-
perature ranges from -25°C fo 85°C, including tempera-
ture rise in applying electrical current.

JST CORP.

www.jst.com
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New Products

Wall-Mount Enclosures’

Inset Panels Hide Connectors

OKW'’S NET-BOX family of wall-mount enclosures
features an inset cable connection panel fo hide
connectors under a removable front lid. The enclo-
sures’ flat design facilitates installation of electronic
assembilies, displays, and large-volume connec-
fors. A curved fop section can be fitted with LEDs,
displays, and switches, while a large area on the
underside is used to mount interfaces and connec-
fors. Connectors are always accessible. An optional
infill cover makes it possible to creafte an additional
compartment for greater installation volume or

fo protect the connections.They come in three
standard sizes with dimensions from 5.51 by 5.51 by
1.83 in. 1o 8.66 by 8.66 by 1.99 in.Thanks fo use of

a UL 94 V-O rated ASA+PC material, the enclosures
can handle outdoor applications. IP65 (NEMA 4)
protection is available when specifying an optional
sealing kit. Applications include data-acquisition
systems, central control units, measuring and con-
frol, data-systems engineering, and medical.

OKW ENCLOSURES INC.

MicroTCA Chassis Boasts 40G Capability
VADATECH'S VT866 MicroTCA is designed fo handle 40GbE
(10Gbas-KR) signals. (A draft specification for 40GbE is in com-
mittee in the PCI Manufacturer’s Industrial Computer Group
or PICMG.) The 5U chassis holds up fo 12 full-sized Advanced
Mezzanine Card (AMC) modules in the single-width format.
Multiple fabrics can be routed on the same backplane. Cur-
rently, MicroTCA-based systems use
PCI Express, Gigabit
«__ Ethernet, and Serial
Rapidl/O fabrics.
The VT866 features
a 36-layer back-
plane with a high-
performance dielectric
material for clean signals. Also
included are dual, rear-mounted 1000-
W swappable power supplies. Easy-glide lining
allows the power supplies fo be smoothly inserted/removed
from the chassis. The system integrates a Telco alarm and
optional JTAG switch module. In addition, the company offers a
40GbE MicroTCA carrier hub (MCH) and 40GbE line cards.
VADATECH INC.

www.okwenclosures.com

www.vadatech.com

Giga-snaP BGA
Sockets and Adapters

Giga-snaP BGA SMT Adapters
allow affordable socketing

e Ultra low insertion force e Up to 2000 pins
* GHz bandwidth e 0.5mm to 1.27mm pitch
e Same CTE as PCB ¢ Industry’s toughest socket

* Maximum solderability

00-404-0204

[OFz
4 Ironwood g
ELECTRONICS
www.ironwoodelectronics.com
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In-house testing just got easier...
(and affordable!)

~ Near Field or Far Field - Choose from Three Kits

© 9.4GHz. Includes analyzers,
software and 5pc probe-set.

EMC Bundle 2: Far field
EMC measurement kit for all
EMC measurements up to
9.4GHz. Includes analyzers,
BicoLOG™ EMC Biconical
antenna and software with

limits display.

EMC Bundle 1 or 2: EMC Bundle 3 Combo Kit:
1 Hz - 9.4GHz 1 Hz - 9.4GHz (includes
Bundle 2 & the 5 pc. Probe Set)

Reg: $7,660 Reg: $10,799
Special: $6,895* Special: $8,995*

Eliminate or reduce the need for expensive and time-consuming EMC lab visits!
* This is a limited, one time special offer...call for details.

alinon Crestiond ..

The Leader in RF

678-714-2000

www.KaltmanCreationsLLC.com
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DirectConnection

HIGH PERFORMANCE
SOCKETS & ADAPTERS

High Prrfrmnr e IC

Includes 40 GHz bandwidth sockets for BGA
and QFN, only slightly larger than IC with
integral heatsink for medium power and
optional heatsinking to over 100 watts. Up to
500k insertions. Adapters for prototype, test,
package conversion, and more. Quick-Turn
volume adapters are our specialty.

Ironwood Electronics

1335 Eagandale Court

Eagan, MN 55121

T: 800-404-0204 F: 952-229-8201

WWW.il jelectronics.com

IR’s Robust 100V FastIRFET™ PQFN 5x6 Power MOSFET Delivers
Benchmark Performance for Telecom Power Supply Applications

IR has announced the introduction of the IRFH7185TRPbF
100V FastiRFET™ power MOSFET that delivers benchmark [LILIA Fast FET™
performance for DC-DC power supplies used in telecom
applications.

The IRFH7185TRPbF utilizes IR’s new 100V FastiRFET™
process to offer benchmark Rds(on)*Qg figure of merit to
deliver higher efficiency and increased power density as
well as enhanced system reliability.

IR’s FastiRFET™ devices work with any controller or driver to offer design flexibility while
delivering higher current, efficiency and frequency capability in a small footprint. The
IRFH7185TRPbF is qualified to industrial grade and moisture sensitivity level 1 (MSL1), and
is available in an industry standard 5x6 PQFN package that features an environmentally
friendly, lead-free and RoHS compliant bill of materials.

More information is available on the International Rectifier website at
http://www.irf.com/whats-new/nr140306.html
For more information, contact Sian Cummins,
scummini@irf.com, 310-252-7148.

0T|'€|2

COMPUTER INC.
Since 1989

Best Quality ! Best Price

Call more information at 408-982-9358
E-mail:Sales@otterusa.com

Micro Giga-snaP™ BGA SMT adapters
Micro Giga-snaP™ line of BGA adapters provide the most
reliable interconnect to 0.5mm
pitch BGA SMT pads. These patent
pending adapters achieve 20 GHz
bandwidth with 20mOhms contact
resistance and 14g insertion force.
0.5mm pitch Giga-snaP™ BGA
socket adapter pair consists of
female BGA sockets with etched pins assembled into high
temperature substrate. BGA adapter, to which the user
attaches a DUT, is plugged into the female BGA socket.
Ironwood Electronics, Inc.

1335 Eagandale Court
Eagan, MN 55121

T: 800-404-0204 » F: 952-229-8201

WWW.OTTERUSA.COM Email: info@ironwoodelectronics.com
Web Site: www.ironwoodelectronics.com
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LabBench
BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

Hard-Core FPGA Provides

A Fexible Development Target

ilinx made a splash when it first came out with the

Zynq-7000. Its dual ARM Cortex-A9 cores were at

the center of a microcontroller packed onto the same
chip as an FPGA. Yet Xilinx is not alone in blending FPGAs
with hard-core ARM processors. Microsemi and Altera have
offerings as well, and Altera has announced a quad-core version
with 64-bit ARM Cortex-A53 cores.

Since then, the Zynq has garnered quite a bit of support.
Even LDRA is supporting the Zynq-7000 platform with its
LDRA Tool Suite, which addresses everything from unit testing
to static analysis.

The Zyng-7000 can be found in platforms like National
Instruments’ (NI) cRIO-9068 (Fig. 1). NI built the CompactRIO
line around a processor and an FPGA. It typically programs
using NT’s LabVIEW, but the move to an integrated Zynq-7000
chip reduced costs and provided a more flexible development
platform that runs on Linux. The Zynq-7000 can easily handle
Linux, which is one of the reasons for the chip’s flexibility. It can
run applications that may or may not need the FPGA support.

NI is being more open with the latest cRIO platform,
enabling developers to utilize Linux directly. Applications writ-
ten in other languages such as C can be used with the FPGA,
opening up some interesting alternatives given the vast number
of modules that can be plugged into the cRIO platform.

JUMPING IN

Getting started with the Zynq-7000 has never been easier.
Programming the FPGA portion is still as much of a challenge
as ever, but Xilinx’s Vivado development tool makes it easier.

On the other hand, utilized prepackaged FPGA firmware
that can be loaded via the Cortex-A9s means developers can
use these systems without needing to develop the FPGA firm-
ware. They can take advantage of the hardware acceleration
from applications that run on the hard-core processors.

1. National Instru-
ments’ cRIO-9068
is based on Xilinx’s
Zynq-7000. It runs
Linux and LabVIEW

applications.

64

2. Avnet’s MicroZed
exposes more than 100
1/0 ports using two con-
nectors on the bottom.

Another way to get
started with the Zynq
is to use a system-on-
module (SOM) like
Avnet’s MicroZed (Fig.
2) or Digilent’s ZYBO
(Fig. 3). The MicroZed
is a more compact

version of the open-
source Zedboard available from Digilent. They all support
Digilent’s Pmod modules, which plug into a 12-pin header. This
is handy for prototyping and experimentation because quite a
variety of Pmods is available such as capacitive touch interfaces,
stereo amplifiers, Wi-Fi modules, and OLED displays.

WHAT’S NEXT?

The MicroZed also has two
connectors on the bottom, so
it can be plugged into a car-
rier board. It is practical to use
in more rugged applications.
Avnet has a set of Zynq Mini-
Module Plus boards with even

larger versions of the FPGA and i

GTX ports as well. 3. Digilent’s ZYBO (Zynq Board)
These platforms also have Eth- has 512 Mbytes of RAM and six

ernet support in common. This ~ Pmod connectors.

makes a big difference for debug-

ging and for providing network access, which is imperative for

the Internet of Things (IoT). Linux provides the platform for

dealing with the network aspects of an application while the

FPGA fabric provides unparalleled performance and flexibility.

There is also something to be said about the standardization

that Zynq provides. It may get some designers to consider using

an FPGA for their next project. Applications like image recog-

nition use the hardware acceleration. &2l
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From Search to Samples

in Seconds

Our web tools help you quickly pick the perfect inductor.
Then get free samples overnight!

We make picking inductors
fast, easy, and almost fun!

Start with a quick para-
metric search for parts that
meet your specs. (We even
show you volume pricing.)
Click to instantly compare
core and winding losses for
multiple inductors.

Want to see actual L and I

Design

Support g

ools

Power Magnetics Tools =«

Power Inductor Finder

DC-DC Inductor Selectors =

Temperature Derating

Loss Calculators

v

hd

Flyback Transformer Picker

Power Supply Simulators

/

(U

WWW.COILCRAFT.COM

/

\

curves at a specific tempera-
ture? There’s a tool for that!

When you've picked your
inductors, just click to get
free samples. Do it by 5:00
p.m. CST and they’ll ship to
you the same day!

See how fast you can go
from search to samples. Visit
coilcraft.com/tools

&/ wileraftdirect.com
[ BN ]

No min order. Next day delivery.


http://coilcraft.com/tools
http://www.coilcraft.com
http://coilcraftdirect.com

Isolated Power Your Way

LT8302

INTV¢e

Vour
1 Upto10A

Get 5V/10A with 90% Efficiency. No Opto. 1W to 100W

Our flyback converter family simplifies the design of isolated power supplies by eliminating the need for
an optocoupler and reference. The LT*8309 synchronous rectifier controller replaces the output diode with
an N-channel MOSFET, allowing for up to 10A output current with no heat sink.

W No-Opto Flyback Converters . V Info & Free Samples

Part Number | Qutput Power | Input Range | Quiescent Current | Power Switch | Package www.linear.com/flyback
1-800-4-LINEAR
LT8300 | upto2.5W 6V to 100V 70pA 0.26A/150V | TSOT-23(5)
LT3574 up to 3W 3V to 40V 3.5mA 0.65A%60V | MSOP-16
LT8301 up to 6W 2.8V to 42V 100pA 1.2A/65V | TSOT-23(5)
LT3573 up to 6W 3V 0 40V 3.5mA 125060V | MSOP-16E st 6
& o
LT3575 up to 12W 3V to 40V 45mA 25A/60V | TSSOP-16E
ideo.linear.com/44
LT8302 | uptoi8W | 2.8Vto42V 106A 3 6A/65V S0-8E video.linear.com/4486
LT3748 | upto100W | 5Vto 100V 1.3mA External | MSOP-16(12) B e e e ver
trademarks are the property of their respective owners.

TECHNOLOGY
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