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Key specifications 34460A 34461A 34465A 34470A

Digits of resolution 6% 6% 6% 7V

Basic DCV accuracy 75 ppm 35ppm 30ppm 16 ppm

Max reading rate 300 rdgs/s 1,000 rdgs/s 5,000 rdgs/s std 5,000 rdgs/s std
50,000 rdgs/sopt 50,000 rdgs/s opt

Memory 1,000 rdgs 10,000 rdgs 50,000 rdgs std 50,000 rdgs std

2 millionrdgsopt 2 million rdgs opt

Learn how to solve your test challenges with Truevolt DMMs.

www.keysight.com/find/truevoltUS KEYSIGHT

Buy from an Authorized Distributor: TECHNOLOGIES
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Agilent’s Electronic Measurement Group is now Keysight Technologies.
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7THINGS THEY
DON’T TEACH YOU
IN EE SCHOOL

http://electronicdesign.com/blog/7-critical-things-they-don-t-
teach-you-ee-school

Where do most electrical engineers acquire the core knowledge
that makes them successful in their career? In his latest blog,
Lou Frenzel posits that that most job knowledge and skills
were not picked up in school, and specifically outlines seven
critical subjects that should be taught there—but aren’t.

11 MYTHS ABOUT
OSCILLOSCOPE PROBES

http://electronicdesign.com/test-measurement/
11-myths-about-oscilloscope-probes

Just about everyone
who has ever op-
erated an oscillo-
scope has used an
oscilloscope probe at
one time or another.
Some have had good
experiences, while
others had unfavor-
able ones—possibly
as a result of their
own actions. This
article eliminates some of the myths and half-truths about
oscilloscope probes so that their users may obtain more favor-
able results.
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3-IN-1 ARBITRARY
WAVEFORM GENERATOR
JOINS IoT FRAY

http://electronicdesign.com/blog/3-1-arbitrary-waveform-
generator-joins-iot-fray

The Tektronix AWG4000 Series launched at this year’s IMS
Show is the first 3-in-1 arbitrary waveform generator—
answering the needs of the company’s customers whose
biggest concern is integrating wireless. The “3-in-1" refers

to basic, advanced, and digital modes that allow it to address
signal-generation needs from radar and wireless to embedded
systems and research.

AUGMENTEDYVS.
VIRTUAL REALITY

http://electronicdesign.com/displays/what-s-difference-
between-augmented-and-virtual-reality

What’s the difference be-
tween augmented reality
(AR) and virtual reality
(VR) technologies?
Actually the answer is
relatively simple. AR
lets you see the outside
world while adding to
what you see while VR
masks the outside world
presenting its own ver-
sion exclusively. Here,
we look at devices and
applications ranging
from Google Glass to
Microsoft HoloLens and
more, and where they
fall in the “reality” spec-
trum. (Pictured at right,
the Vuze VR camera.)
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Actual size of Keysight E36104A DC Power Supply

Small footprint, big performance.

These compact (2U, % rack) power supplies bring a powerful punch to your bench. Packed full of features, the
five models offer 30 to 40 W and up to 5 A or 100 V of reliable power. Whatever the task, with the E36100 Series
DC Power Supplies you'll have everything you need to power DUTs quietly, safely and accurately.

— Intuitive on-screen menus
— LAN and USB connectivity
— Low current measurements

See the E36100 Series videos, datasheet and
more at: www.keysight.com/find/BenchPowerUS
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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.

WiFi802.11b/g/n ¥
USB & Serial interfaces
-40°Ci to +85°C operating temp.
Awailable AF, Router & Device

BLUETOOTH® Modules

SPE, HID, HCIL, A2DE, USB, 128
-40°Ci to +85°C: operating temp.

PSTN Modems

USB, Serial, RS232, ISA, PC104
Leased-line & Dial-up
-40°C. to +85°C operating temp.

3G Cellular Modules

' 2

GPS/GSM/GPRS/WCDMA /HSDPA
FCC/IC/PTRCB/AT&T certified
-302C to +802C operating temp.

Y Radicom

Affordable Modem Technology

www.radi.com
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At Proto Labs, we can injection mold up to

10,000+ engineering-grade parts in 15 days
or less, allowing you to prototype faster and
get to market quicker. We call it a game-changer.

DLUME PRODUCTION

D PARTS T MORROW.

Request your FREE injection
molding material selector at
go.protolabs.com/EDGEN.

Real Parts. Really Fast."
3D PRINTING | CNC MACHINING | INJECTION MOLDING
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When it comes to power inductors,
we're spreading ourselves a little thin

¢‘o¢‘o.s©®0000@°®@®
(actual height)

In fact, we otfer hundreds of options less than 1.2 mm high,

so finding the low-profile inductor you need is no tall order!

Let’s face it, thin is in. From smart phones 3300 pH and current ratings up to 20 Amps.
and wearables to all types of portable devices, Get the skinny on @S-

there is constant pressure to pack more per- all our low-profile power
formance into the thinnest package possible. inductors, including the
To help, we continue to expand our line new ultra-low loss XEL4012
of mini, low-profile power inductors with Series with low inductance values
footprints as small as 1.14 x 0.635 mm and that have been fully optimized for high
maximum heights as low as 0.50 mm! frequency applications over 5 MHz.
Select inductance values from 0.018 to Visit coilcraft.com/lowprofile today!

& coilrafidirect.com
@® @ No min order. Next day delivery.

WWW.COILCRAFT.COM


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

he latest developments in energy storage promise

a greener future for the electrical industry. With

more effective and reliable interaction between
renewable resources and the grid, greenhouse gas emissions
can be reduced. Several studies have been conducted by
both the private and public sectors to analyze the impact of
such technology on the electrical grid. For example, a study
released by Texas utility Oncor Electric Delivery Co. high-
lighted the many benefits of this technology for the grid:

+ Energy storage placement is flexible in that it can be
placed in many locations in the grid.

+ A storage battery placed on the distribution system
(substation or feeder) can be used to prevent distribu-
tion outages.

+ Distributed deployment of storage can shift power con-
sumption away from costly peak-load periods, reducing
peak-load growth on distribution feeders and, therefore,
deferring some of the ongoing distribution-system
investment needs.

« It can help prevent generation- or demand-side capacity
investment.

More research will take place this year following the
announcement that Saft (a company involved in the design,
development, and manufacture of high-tech batteries used
in transport, industry, and defense) has been awarded a
megawatt-scale Li-ion (lithium-ion) battery energy-storage
contract by Fortum, the Finnish energy company.

A Saft Intensium Max containerized battery system, with
a nominal output of 2 MW and 1 MWh, will be installed at
Fortum’s Suomenoja power plant in Finland as part of the
electricity storage pilot project in the Nordic countries. The
objective of this pilot project is to research the suitability
and optimum usage of batteries used for storing electricity
to maintain a power balance in the electricity system.

GO TO ELECTRONICDESIGN.COM

Editorial
MARIA GUERRA | Analog/Power Editor

maria.guerra@penton.com

Large-Scale Energy
Storage Disrupting
the Electrical Industry

In addition, the research will explore new opportunities
offered by large-scale electricity storage and by the flex-
ible intermediate storage of electricity. The capacity of this
power plant will be offered to the national grid company
Fingrid to maintain a continuous power balance in the elec-
tricity system.

“Li-ion batteries provide good cycle life and great energy
density. For this project specifically, Saft will use lithium
nickel cobalt aluminum Li-ion batteries (commonly named
NAC Li-ion),” said Saft’s grid product and marketing
manager, Michael Lippert, in a phone interview. Besides
highlighting the benefits of Li-ion batteries, he also pointed
out the importance of the outcomes of this pilot project
because it will help to find out how large-scale energy stor-
age benefits the grid and how Li-ion batteries perform at
such high scale.

As the number of energy storage projects increases glob-
ally, it is worth mentioning one of the American finalists for
the 2015 Project of the Year Awards announced by Renew-
able Energy World: The Grand Ridge Energy Storage Proj-
ect at Invenergy’s Beech Ridge Energy Center. The Grand
Ridge Energy Storage Project is a 31.5-MW lithium-ion
battery system in operation located in Marseilles, Ill. The
project has had great success helping grid operator PJM
balance the supply and demand using BYD’s proprietary
lithium-ion iron-phosphate battery chemistry.

According to market-research firm IHS, the energy stor-
age market is set to “explode” to an annual installation size
of 6 gigawatts (GW) in 2017 and over 40 GW by 2022—
from an initial base of only 0.34 GW installed in 2012 and
2013. Energy companies are investing in energy storage
because it can help them meet future energy needs and
at the same time encourage the use of renewable sources
reducing greenhouse gas emissions. &
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SEEKING AN INTERCONNECT

for Desperate Data Centers

the semiconductor industry, the time
etween new generations of chips is
ching out. The task of etching smaller
transistors onto silicon has grown vastly more
difficult, while shrinking transistors near
atomic limits has introduced problems with
keeping them cool. The manufacturing costs
have also stopped falling.

Now, internet giants like Google and Face-
book—which are shoveling millions of chips
into their data centers—are looking for ways
around the industry’s slowing pace. They have
taken to adding special chips that better han-
dle certain aspects of computing, like those
related to artificial intelligence. That shift has
seen standard chips combined with everything
from graphics processors to more exotic chips
that mimic the human brain.

As companies buy more of these accelerator
chips, an alliance of seven chipmakers is trying
to ensure that they can all coexist. The goal is
to create a special kind of interconnect that
can seamlessly share data between processors,
accelerators, and memory caches.

Companies working on the project are all
trying to build more profitable data center
businesses: Advanced Micro Devices, ARM,
Huawei, IBM, Mellanox, Qualcomm Tech-
nologies, and Xilinx. They will pursue a cache-
coherent fabric to ensure everyone’s chips can share the same
memory—without stepping on any toes to access that data.

The project, known as the Cache-Coherent Interconnect for
Accelerators (CCIX), is significant because it will bridge some
of the major set instruction architectures—the part of the pro-
cessor visible to programmers—in the industry. That includes
IBM’s Power architecture as well as ARM and x86 designs.

The new interconnect will primarily help to increase the
speed at which information moves within data centers. Today’s
computers are sharing data with accelerators and memory using

10

(Image courtesy of Rogotaine, Thinkstock)

interconnects not designed for high bandwidth, low latency
applications. That creates a bottleneck for software that learns to
find patterns in large datasets, manage wireless networks in the
cloud, or provide internet services like search.

To help mitigate that problem, software engineers are usually
forced into some heavy lifting. They depend on extremely com-
plex programming to stitch together different chip architectures
in the same system. For data center operators, another option to
just buy chips from a small set of manufacturers.

Not everyone thinks that last option is healthy for the indus-
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try. The “one-size-fits-all architecture approach to data center
workloads does not deliver the required performance and
efficiency; said Lakshmi Mandyam, director of server systems
at ARM.

Ultimately, the new project is aiming to replace PCI Express
(PCle) interconnect upon which most data centers depend.
PCle is the connective tissue that links accelerators with
the processors from ARM, x86, or Power. Engineers have
applied that formula for more than a decade, but PCle was not
designed for the fast and efficient transfers between accelera-
tors and processors.

In the last year, the practice of using accelerators to improve
efficiency has spread all over the technology industry. Last
month, for instance, Google revealed its own custom chips
that would run machine learning in its search engine and
other services.

Facebook has opened the architecture behind its Big Sur
graphics chips, while China’s Baidu and Microsoft have been
experimenting with FGPA chips that increase the speed of cloud
services. Nvidias latest architecture for graphics processing
units, Pascal, was designed specifically for machine learning.

Some companies have already tackled the interconnect
problem. IBM has developed the Cache-Coherent Accelerator
Processor Interconnect, or CAPI, but it is only supported by
IBM and a handful of partners. Nvidia has invested in its own
technology called NVLink, which provides faster connections
between its graphics chips and IBM’s Power chips.

Having an interface between different chip architectures
could give data center operators a wider range of options for
buying chips. It could also open the door to greater competition
and enable operators to update existing equipment, rather than
adding more servers or investing in complex programming.

From that perspective, Intel’s exclusion from the new
project speaks volumes, according to industry analysts. The
world’s largest server chipmaker, Intel has its own alternative to
the PCle standard called the QuickPath Interconnect. Intel is
running that technology in server chips that combines its CPUs
with FPGA accelerators.

Intel’s data center business has been growing rapidly as the
company attempts to transition out of personal computers,
which have been on the decline for years. The data center busi-
ness posted revenue of $4 billion in the first quarter of 2016, up
9% from the first quarter last year. That was nearly 30% of the
company’s $13.7 billion in revenue during the first quarter.

The CCIX project is one attempt at putting up a fight against
Intel. Qualcomm, the biggest maker of mobile phone chips, has
developed a server variant of its Snapdragon processor to rival
Intel, which has undercut some of Qualcomm’s mobile business.
Like Intel, the chipmaker is experiencing some growing pains,
working through a major restructuring that will cut up to 15%
of the workforce.

(continued on p. 14)
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Instrumentation Grade Reed Relays

from

Pickering Electronics

Pickering Electronics are a long established
manufacturer and distributor of Single-In-Line (SIL),
Dual-In-Line (DIL), Through-Hole, Surface Mount
and Custom configuration high quality reed relays in
1FormA, 2 FormA, 1 Form B, 1 Form C and

2 Form C. And we can provide our relays with or
without an internal diode for back emf protection.

Our relays uniquely feature Softcenter®
Technology, formerless coils, and built-in mu-metal
screening to reduce magnetic interaction.

Only Pickering has SoftCenter® Technology

Encapsulation Shell

Internal mu-metal
magnetic screen

Soft inner
encapsulation
material to protect
Instrumentation
Grade Reed Switch

Reed
Switch

Diode

Self supporting
coil to maximize
magnetic drive  ~

Hard outer
encapsulation
material

Learn more at pickeringrelay.com

® .
SEMICON" ...

San Francisco, CA

Visit Pickering in Booth #5877

Pickering Electronics supplies Reed Relays for:

For Free relay samples please scan the QR code,
or alternatively, email sales@pickeringrelay.com

Instrumentation | ATE | High voltage switching | Low thermal EMF |

Direct drive from CMOS | RF switching and other specialist applications

— pickering L Pickering Electronics
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News

BLUETOOTH TRIES WORKING Smarter, Not Harder

SVENN-TORE LARSEN IS trying to build a business on Bluetooth.
But the company where he serves as CEO, Nordic Semiconductor,
is not using the familiar wireless standard that has found its place
in everything from smartphones to headphones.

Instead, the company is betting on Bluetooth Smart, a relatively
newer version (about half the age of standard Bluetooth) that
consumes significantly less power from batteries inside things like
wearables and tiny sensors. In 2015, around 57% of the com-
pany’s $193 million in revenue came from sales of Bluetooth Smart
chips, up from 37% of Nordic’s business in 2014.

“We are positioned for a great market opportunity,” Larsen
said during the conference call for Nordic’s first quarter earnings in
April, citing the growing demand for Bluetooth Smart in household
devices and wearables. He told investors that over the next few
years Bluetooth Smart would account for an increasing part of the
business, which includes other low-power wireless chips based on
standards like ANT and sub-GHz radio.

Nordic’s efforts are not that unusual. The company is part of a
stampede of companies that are fusing processors with low-power
wireless components inside integrated chips or SoCs. The industry
anticipates that sensors and other devices in buildings and facto-
ries will have to operate on incredibly low power to conserve bat-
tery power—or allow them to harvest energy from their surround-
ings. But that is only possible with extremely low-power networks.

ABI Research, a technology research firm, estimates that Blue-
tooth Smart will be inside around 27% of all Bluetooth products
by 2021. Their previous research has estimated that around 20
billion Bluetooth chips will be sold between 2014 and 2019. The
Bluetooth Special Interests Group, which maintains the standard,
predicts that more than 90% of smartphones with Bluetooth will
support the low-power version by 2018.

“While there remain significant opportunities for Bluetooth
smartphone accessories and connected home devices, there will
be increasing traction toward connecting to everyday household
objects,” says Andrew Zignani, industry analyst at ABI Research.
“Improvements in energy efficiency and range, and reductions in
size, will be contributing factors accelerating shipment growth.”

First developed around a decade ago, Bluetooth Smart was
known as Wibree before merging with the main Bluetooth speci-
fication in 2010. Over the last few years, the Bluetooth SIG has
updated the standard to play into Smart’s strengths. Later this
year, the standard will gain significant increases in range and
speed, without consuming any additional power. The new version
will also include mesh networking, allowing Bluetooth devices to
connect in networks covering entire buildings.

Earlier this year, the Bluetooth SIG introduced a new architec-
ture that would help developers build gateways to relay data to the
cloud and back. Arduino recently built Smart into its latest Primo
development board, so that it could “communicate with other
internet-connected nodes without requiring the resources of a
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Bluetooth Smart beacon built by Krakow, Poland-based startup

Estimote. (Image courtesy of Estimote)

complex and expensive gateway such as a Wi-Fi router or smart-
phone.”

Major chipmakers are racing to incorporate Bluetooth Smart
into their products. Some companies —wireless veterans
like Mediatek and Internet of Things crusaders like Texas Instru-
ments and Marvell—are devoting internal resources to low-power
chips. Others are turning to mergers and acquisitions to avoid
missing the boat for things like wearables and sensors.

In 2014, Qualcomm bought Cambridge Silicon Radio, a compa-
ny that helped introduce mesh networking with Bluetooth Smart,
in the second-largest deal in the company’s history. Not long after
that, Silicon Labs jumped at the opportunity to buy Bluegiga Tech-
nologies, which developed Bluetooth Smart modules for industrial
equipment and smart household devices.

More recently, Cypress Semiconductors made a huge step
into the low-power wireless market, buying Broadcom'’s wireless
Internet of Things business for $550 million. Under the terms of
the deal, Broadcom will shed its Wi-Fi, Bluetooth, and ZigBee
products and intellectual property. Cypress plans to combine the
new wireless chips with its low-power programmable chips and
microcontrollers.

Only tracing how Bluetooth chips have changed hands, how-
ever, undercuts the wide net that chipmakers are casting into wire-
less. Last year, Silicon Labs also acquired Telegesis, which designs
mesh networking modules based on ZigBee and Thread protocols.
Bluetooth is also clashing with other parvenus like Z-Wave and a
low-power version of Wi-Fi called HalL.ow.

The migration into low-power wireless standards is helping
to create new kinds of devices, ones that could gather the huge
amounts of data necessary to automate homes and businesses.
Many startups are trying to make sensors and other devices self-
sufficient by harvesting tiny bits of energy —like wireless radiation—
from their surroundings. Instead of using batteries, the sensors can
save that energy to collect and transmit data.

Bluetooth Smart has also created an opening for new consumer
experiences. Large companies including Google and Apple are
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playing around with beacons, or tiny Bluetooth transmitters. Apps
installed on your smartphone listen for signals radiated by the
beacons, which can be embedded in anything from grocery store
shelves to movie posters. When your smartphone gets within
range, you can receive a coupon for a bag of chips, find show
times for the movie advertised on the poster, and even make pay-

dards for low-power wide-area networks, including the popular
LoRa and SigFox protocols. It also supports IEEE 802.15.4 stan-
dards, such as ZigBee and the Thread protocol, which Nest has
used to connect its thermostats and security cameras.

The chip is also compatible with certain cellular networks,
which under normal circumstances chew through too much

ments to things like parking meters.

Google and Apple both have open platforms for developing

beacons, called Eddystone and iBeacon,
respectively. Google has released several
application programming interfaces that
help developers detect nearby beacons
and business owners manage the data
gathered by beacons on the cloud.
“OEMs can also utilize Bluetooth’s
throughput advantage versus 802.15.4
[standards like ZigBee and Thread] and
lower power consumption versus Wi-Fi in
order to create new and unique use cases
that separate them from competing con-
nectivity solutions,” Zignani said.

WIRELESS CHIP TACKLES
Multiple Low-Power
Standards

FOR YEARS, wireless chipmakers like
Qualcomm and Silicon Labs have known
that linking sensors in an electrical tur-
bine, factory assembly line, or smart
household device would require net-
works that span large areas and consume
little power from the sensors’ batteries.

Word has spread quickly. Now that
industrial companies are trying to seed
factories with remote sensors and con-
sumer companies including Google’s
Nest are promoting smart thermometers
and other devices, low-power wireless
networks are crawling out of the wood-
work. The options are so numerous that
the industry has begun clamoring for a
standard in a sea of standards.

Imec, the microelectronics research
center, recently unveiled a new radio
chip that supports over five low-power
wireless standards, enabling it to connect
devices that might have been isolated on
a single type of network. It was developed
along with the Holst Centre, a research
laboratory in the Netherlands for sensors
and flexible electronics.

The new chip supports several stan-
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power and bandwidth for things like sensors. The 3G Partner-
ship Project, the organization that maintains cellular standards,
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News

is in the process of defining one such pro-
tocol known as Narrowband-IoT, a low-
power network that shares the airwaves
with LTE and 3G signals.

The chip is a highly-integrated sys-
tem that channels spectrum bands
between 780MHz to 930MHz. Operat-
ing in the industrial, scientific, medical
(ISM) and short-range devices (SRD)
bands, it covers a frequency range that
has been reserved for applications other
than telecommunications.

The new chip was introduced as low-
power wide-area networks are increas-
ingly being used to connect smart meters
and remote sensors inside factories,
buildings, and city infrastructure. In
certain cases, they are even being used
for monitoring the environment—
even tracking volcano activity in Japan.

“It is clear that protocols such as NB-
IoT, SigFox, and LoRA are here to stay
for the coming years,” said Kathleen Phil-
ips, the program director for perceptive

The new multi-standard chip. (Image cour-

tesy of Imec)

systems at Imec, who revealed the chip
at the laboratory’s technology forum in :

Belgium.

What remains unclear is what wire-
less standards will still be around in the :
future. The vast arrays of sensors packed :
inside factories and buildings are still in :
the early stages of development, so most :
companies have not rallied behind a :

single networking protocol. Imec’s radio

sensor networks easier to manage. ™

(continued from p. 11)

ARM, which expects to start challeng-

: ing Intel in server chips, is known for its
| | mobile chip designs used by Qualcomm,
: but has also been contributing its designs
: to AMD Opteron server chips and
graphics accelerators. Huawei, which
: operates a fabless semiconductor busi-
¢ ness HiSilicon, also depends on ARM
¢ designs.

“There is no doubt that the comput-
ing industry will laud their efforts as
the only sensible path to provide an

© alternative to an all-Intel computing

world,” wrote Karl Freund, a senior
analyst with Moor Insights and Strategy,
in a recent Forbes article about the proj-
ect’s impact.

The group, which only has a one-
page website with little information, has

: yet to release any technical or financial
chip attempts to avoid the debate by :
working with multiple standards, making :
¢ not ripen until around 2019 or 2020. =

details about the project. Freund is pre-
dicting the fruits of the partnership will
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Technology Report
LOU FRENZEL | Contributing Editor

12 Wireless Options for loT/M2M:

DIVERSITY OR

A plethora of standards populate the wireless-communications field, all offering
unique twists to fit specific connection needs.

e Internet of Things (IoT) is a massive collection

f sensors, actuators, and/or devices either con-
nected to one another or to some master control or
monitoring point via the internet. Multiple com-
m ns links are used to make the connection.
However, the device itself usually connects to the system by
radio. This wireless connection is the critical or weakest link
in the system. Therefore, it’s essential that you select
a wireless method that matches the device
and its surrounding environment. Liter-
ally dozens of wireless technologies
and standards are available to

choose from—this article
guides you through the
most likely wireless
candidates  for
new designs.

A typical IoT connection scenario involves the device linking
to a gateway via wireless (see figure). The gateway is the interface
to the internet via a common broadband cable or DSL modem,
and then on to the internet service provider for connection to
the internet. In an alternative scenario, otherwise known as
M2M, the device connection goes through a cellular carrier and
then to another carrier or on to the internet.

A number of design factors must be scrutinized when select-
ing a wireless technology:

o Data rate of the device: Streaming video, measuring tempera-
ture every minute, or something in between.

o Range or distance to the gateway: A few feet within a room or
over a mile in a rural area.

o The environment: Hazardous surroundings in a factory, out-
doors, noise from electrical equipment or EMI, etc.

o Need for encryption or authentication: What is the demand for
data security?

» Power consumption: Battery life; energy efficiency; possible
need for an ac mains connection.

o Capacity: Number of connected devices.

o Quality of service and reliability.

o Network topology: Star, mesh, or other.

o Simplex or duplex: One-way vs. two-way communications.

o Suitable and available spectrum: Licensed or unlicensed.

o Available ICs, modules, and equipment.

o Cost: Design, manufacturing, or internet access service ex-
pense.

o Development platform: Is an OS needed? What other software
is required?

o Internet access: Cellular, DSL, cable, satellite.

« Licensing conditions of standards available.

2G/3G CELLULAR

Yes, cellular networks can be used for IoT applications. Gen-
erally known as machine-to-machine (M2M), many of its use
cases are nonetheless similar to IoT. Multiple vendors offer cell-
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DILEMMA?

phone modules to embed into other products, and most of the
major cellular carriers provide M2M connection services over
standard licensed spectrum. Though 2G technology like GSM/
GPRS/EDGE is popular, some carriers already have plans to
phase-out 2G capability.

However, most networks still support 3G technologies like
WCDMA and ¢cdma2000 with data rates up to several mega-
bits per second. Range is the distance to a cell site, and can
be up to several kilometers. Cellular connectivity is clearly an
option, although more expensive than some alternatives like
the low-power wide-area-network (LPWAN) technologies de-
scribed later.

802.15.4

This is the popular wireless standard developed by the In-
stitute of Electrical and Electronic Engineers (IEEE). Target-
ing short-range, low- to medium-data-rate and low-power-
consumption use cases, it’s the basis for several other standards
listed later. Its main operating spectrum is the 2.4-GHz indus-
trial, scientific, and medical (ISM) license-free band. The 902-
to 928-MHz and 868-MHz bands are in play, too.

Modulation is direct sequence spread spectrum (DSSS) with
differential binary phase-shfit keying (BPSK) or offset quadra-
ture phase-shift keying (QPSK). Operating ata 1 mW (0 dBm),
it offers a data rate of 250 kb/s in the 2.4-GHz band. Range is 10
to 100 meters using a point-to-point or star topology. Access
is carrier sense multiple access with carrier avoidance (CSMA/

Sensor Yw Y e
. . Wi-Fi Cable
O—> Radio \ Radio/gateway modem %
BT, ZigBee,
etc.

(a)
Device
( ) Cellular Bl

modem |:I
(b)

Cell site Cell site

The diagram shows typical wireless-connection scenarios for the loT (a) and M2M (b).
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CA) for up to 2'® nodes; more nodes are possible with 6LoW-
PAN (see “6LoWPAN Addresses Nodes,” p. 19). It employs AES-
128 encryption for security purposes.

The 802.15.4 standard provides the PHY and MAC network-
ing layers with a packet-based protocol. Other standards use
this as the basis for adding more layers, providing enhanced
networking features and capabilities.

BLUETOOTH

Perhaps the most widely used short-range wireless technolo-
gy is Bluetooth (BT), which operates in the 2.4-GHz ISM band.
Several different versions offer multiple data rates, power levels,
and range potentials. The basic operating principle is frequen-
cy-hopping spread spectrum (FHSS) with different modulation
methods. Gaussian frequency-shift keying (GFSK) is the main
modulation method, providing a 1-Mb/s data rate. Data rates of
2.1 or 3 Mb/s can be achieved using higher modulation rates.
Power levels to 100 mW boost its range up to 100 meters.

The newest version of Bluetooth is BT Smart or version 4.1.
Also called Bluetooth Low Energy (BLE), the configuration
uses shortened packets, a maximum rate of 1 Mb/s, and GFSK
modulation. Its primary benefit is super-low power consump-
tion. Transmit power is 10 mW, and its range can extend up to
100 meters. Multiple software profiles are available for different
uses, and an interoperability certification is in effect to ensure
full compatibility.

LoRa

LoRa (long range), a technology created by
Semtech, has typical operating frequencies of
915 MHz for the U.S., 868 MHz for Europe,
and 433 MHz for Asia. The LoRa physical layer

End| (PHY) uses a unique form of FM chirp spread

Pl spectrum along with forward error correction
(FEC). This spread-spectrum modulation per-
mits multiple radios to use the same band if
each radio employs a different chirp and data
rate. Typical range is 2 to 5 km, and up to 15
km is possible depending on the location and

antenna characteristics.
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IoT/M2M Wireless Standards

LTE Cat 0/1

LTE stands for Long Term Evolution, the current fourth-
generation cellular technology. The standard, which is the cre-
ation of the 3GPP and ITU, is widely implemented in the U.S.
and around the world. It’s perhaps best known for its high-
speed capability of up to 300-Mb/s downlink using higher-
level QAM and MIMO.

LTE Cat 0 and Cat 1 are reduced-function versions of LTE
designed for low power and low speed to match the needs of
M2M. M2M applications, also called machine-type commu-
nications (MTC), use the existing cellular network in licensed
spectrum rather than short-range wireless and the internet.

The standard LTE network is overkill for most basic moni-
toring and control uses. LTE Cat 0 and Cat 1 are simplified
versions that can provide solutions for M2M applications with
maximum data rates of 1 Mb/s and 10 Mb/s, respectively. Cat 0
and Cat 1 use the existing LTE bandwidths with orthogonal fre-
quency-division multiple-access (OFDMA) modulation. This
long-range solution is capable of kilometers of distance.

NB-IoT

A relatively recent variation of using LTE for IoT is Narrow-
Band IoT. Instead of using the full 10- or 20-MHz bandwidth
of standard LTE, NB-IoT uses a 180-kHz-wide resource block
of 12 15-kHz LTE subcarriers. Data rates will be in the 100-
kb/s to 1-Mb/s range.

This more simplified standard provides very low power
consumption for connected devices. Furthermore, it can be
deployed in any LTE network as a software overlay. A resource
block of NB-IoT fits nicely inside a standard LTE channel or
within a guard band. It also fits into a standard GSM chan-
nel as carriers re-farm their older 2G spectrum. Modulation
is OFDMA downlink and SC-FDMA uplink. NB-IoT offers
another competitive long-range solution.

WEIGHTLESS

Weightless is a family of open wireless-technology stan-
dards targeting Internet of Things applications. Three differ-
ent versions of this standard address different segments of the
LPWAN marketplace.

The simplest version is Weightless-N for low-cost applica-
tions. This version targets simplex or one-way uses such as
sensor monitoring. It operates in the sub-1-gigabit license-
free ISM. Modulation is differential BPSK using a frequency-
hopping technique to minimize interference. A key feature is
its 128-bit AES encryption with full authentication. With low
data rates and narrow channels, a range up to 5 km is possible.
Up to 10 years of battery life is also possible, thanks to the
standard’s low power consumption.

If higher performance with two-way communication is
needed, Weightless-P might be the best option. It uses a com-
bination of frequency-division multiple access (FDMA) and
time-division multiple access (TDMA) to manage access to
multiple 12.5-kHz-wide channels. Data rates can range from
a low of 200 bits/s to 100 kb/s using GMSK and offset QPSK
modulation. Typical maximum range is about 2 km. Both
AES-128/256 encryption and authentication are utilized for
security measures.

The third version, Weightless-W, is designed to operate in
the TV white spaces. White spaces are those 6-MHz-wide
channels previously used by TV stations in the 470- to 790-
MH?z space. It is possible to achieve data rates from 1 kb/s to
10 Mb/s, depending on the link budget. A range of 5 km or
more is possible in non-line-of-sight situations. Use of TV
white spaces requires the base stations to reference a master
database of TV bands and wireless microphone frequencies
and subsequently choose an unused band to avoid interfer-
ence. Weightless is a royalty-free IP that helps minimize cost.

o WIRELESS TECHNOLOGIES AT A GLANCE
SIGFOX is a wireless technology as well as a
network service. The name derives from a French | =elalalellele) A F=le[F=pel s iplel el fefi=r e lle <8 | 2ol /o)
company that offers wireless technology and a local 26/3G Cellular bands 10Mb/s | Severalkm|  High High
LPWAN for longer-range IoT or M2M applications. 802.15.4 2.4 GHz 250 kb/s 100 m - -
It operates in the 868- and 902-MHz ISM bands, Blueiooth 2.4 GHa 121.3Mos | 100m Low Low
but consumes very little bandwidth or power. oo 16t 0 on o5 km Low Vedium
SIGFOX radios, which exploit a technique called
ultra-narrowband (UNB) modulation, only trans- LTE Cat 0/1 Cellular bands 1-10 Mb/s | Several km| Medium High
mit short messages at low data rates occasionally. NB-loT Cellular bands 0.1-1Mb/s | Severalkm| Medium High
Messages can be up to 12 bytes long, and a node SIGFOX <1 GHz Very low Several km Low Medium
can send up to 140 messages per day. Because of Weightless <1 GHz 0.1-24 Mb/s | Severalkm|  Low Low
the narrow bandwidth and short messages, inad- | wifi(114h) | 24,5<16GHz | 0.1-1Mb/s | Severalkm| Medium |  Low
dition to its 162-dB link budget, long range up | “\yoiesuapr | 2.46Hz 250kb/s | 100m | Medium | Medium
to sever.al kllometer.s is possible. Networ.ks Wth Zighee 2.4 GHz 250 Kb/ 100m Low Medium
forwarding base stations have been established in -
Western Europe and the San Francisco area. ZWave 908.42 Mtz UL om Low Medium
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Wi-Fi

Wi-Fi is employed in many IoT use cases, most commonly
as the link from the gateway to the router with the connec-
tion to the internet. However, it does find a place in the main
wireless link, which requires high speed and medium range. A
good example is video monitoring in the home or in a com-
mercial/industrial setting for security.

Most versions of Wi-Fi operate in the 2.4-GHz unlicensed
band and have a range of up to 100 meters depending on the
environment. The popular 802.11n can handle speeds to 300
Mb/s, while the more recent 802.11ac, which operates in the
5-GHz ISM band, reaches speeds in excess of 1.3 Gb/s.

A new IoT-friendly version of Wi-Fi called HaLow is com-
ing soon. Designated 802.11ah, it uses the 902- to 928-MHz
license-free band in the U.S. and similar bands just below
1 GHz in other countries. This is good news, as low power can
be used over these lower frequencies, thus enabling battery-
operated equipment. While most Wi-Fi gear has a maximum
range of 100 meters under ideal conditions, HaLow can reach
up to a kilometer with the right antenna.

Modulation for 11ah is OFDM using 24 subcarriers in a
1-MHz channel and 52 subcarriers in the larger bandwidths.
It can be BPSK, QPSK, or QAM, providing for a wide range
of data rates. Rates of 100 kb/s to several megabits per second
will suffice in most cases—the real goal was low power. The
Wi-Fi Alliance says it will implement an 802.11ah testing and
certification program by 2018.

Another new Wi-Fi standard targeting IoT applications is
802.11af. It’s designed to use TV white spaces or unused TV
channels from 54 to 698 MHz. These channels are ideal to
support long-range and non-line-of-sight transmission. The
standard employs cognitive radio technology to ensure there’s
no interference to local TV signals. The base station queries
a database to see what channels are available locally for data
transmission. Modulation is OFDM using BPSK, QPSK, or
QAM. Data rate per 6-MHz channel maxes out at about 24
Mb/s, though even longer ranges are expected at the lower
VHF TV frequencies.

WirelessHART

This wireless version of the widely used Highway Addressable
Remote Transducer (HART) industrial networking technology
is used in process monitoring and control, sensor networks,
building automation, and transportation. WirelessHART is the
property of Linear Technology’s Dust Networks and must be
licensed to be used. Based on the popular IEEE 802.15.4 stan-
dard, it has the designation of 802.15.4e.

WirelessHART adds a time-synchronized mesh protocol
to the basic standard. In addition to the mesh topology, it can
adopt a star configuration. It uses TDMA for access for up to 21
nodes with time-slotted channel hopping.

GO TO ELECTRONICDESIGN.COM

6LoWPAN ADDRESSES NODES

THE INTERNET ENGINEERING Task Force’s (IETF) 6LoWPAN
is shorthand for Internet Protocol 6 (IPv6) over Low Power
Wireless Personal Area Networks. The standard allows IPv6 to
give loT nodes a standard IP address. It's designed to be used
with other wireless standards.

Originally aimed at 802.15.4, the standard also has been
adopted by Bluetooth Smart and low-power Hal.ow Wi-Fi.
Specifically, BLoOWPAN defines ways to use encapsulation and
header compression techniques to fit IPv6 packets into the
frames of other protocols.

ZIGBEE

ZigBee is one of the great choices for IoT. It's been around for
many years and is highly developed with continuing updates
and enhancements, and certified interoperability. The technol-
ogy is based on the IEEE 802.15.4 standard, but adds extra lay-
ers to the protocol.

Though ZigBee typically operates in the 2.4-GHz ISM band,
it can also be used in the 902- to 928- and 868-MHz bands. Data
rate is 250 kb/s in the 2.4-GHz band. It can be used in a point-
to-point, star, or mesh conﬁguration with up to 216 nodes. As
with others, security is via AES-128 encryption. One main ad-
vantage of ZigBee is the availability of pre-developed applica-
tion profiles of software for specific applications, including IoT.
End products must be licensed.

Z-WAVE

Z-Wave is a single-source proprietary wireless technology of
Sigma Designs. Both chips and modules are available for this
technology, which is found mostly in home-area networks for
lighting control, security, and thermostat operation.

Z-Wave operates in the ISM band frequency of 908.42 MHz.
It uses efficient GFSK and implements data rates of 9,600 bits/s
or 40 kb/s; up to 100 kb/s is possible in some applications.
Typical power level is 1 mW (0 dBm) and its maximum range
is about 30 meters, depending on the environment. It can be
used for point-to-point links or in a star configuration with up
to 232 nodes. For security measures, it incorporates AES-128
encryption. This technology must be licensed for use in com-
mercial products.

SUMMARY

The table offers a quick synopsis and comparison of the tech-
nologies covered in this article. As you might expect, it’s un-
likely that any standard will dominate given the huge diversity
of IoT and M2M applications. Theres literally a best-match for
every occasion. B8l
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PCI EXPRESS
Is Handling More

than Just Periphero

S

Style checkers and static analysis tools are one way to improve code quality.
We examine some of the alternatives in this space.

CI Express (PCle) Gen 3 is

the mainstay for micropro-

cessors. It scales by adding

more lanes typically in an x1,

x2, x4, x8, and x16 progression. Proces-

sor chips may use anywhere from one to

more than a couple dozen lanes depend-

ing upon the bandwidth needed for a
particular application.

The high-speed serial PCle interface

Express interface.

1. Micron’s M.2 NVMe module uses an x4 PCI

common on motherboards and are ideal
for embedded applications since they are
more rugged, but also provide a way for
developers to select the amount of storage
needed for an application.

On the enterprise side, the U.2 drive
module (Fig. 2) is becoming more pop-
ular. The connector actually supports a
range of interfaces including an x4 PCI

superceded the parallel PCI bus as the
foremost peripheral interface, although
even the PCI predecessor, ISA, is still in
use. Access to peripherals such as Eth-
ernet adapters remains a focus for PCle,

Express interface to handle NVMe as well
as multichannel SAS and SATA. These
modules are designed for hot-swap oper-
ation and are found on systems that may
have a half dozen to hundreds of slots.
These take advantage of the PCI Express

but it can also be utilized as multiple-
node interconnect fabric as well as an
access mechanism for solid-state stor-
age also known as non-volatile memory
express or NVMe.

NVMe is a storage protocol based on SCSI that is also the
basis for SAS (Serial Attached SCSI). SAS uses the same elec-
trical interface as SATA (Serial Advanced Technology Attach-
ment) while NVMe runs on top of PCI Express. In general,
they are similar in that commands and operations are queued
to provide more efficient throughput between the storage
device and the host. NVMe can handle other storage technolo-
gies, but for now it is primarily NAND flash memory includ-
ing 3D NAND flash.

NVMe storage devices can be placed on the motherboard
or attached in a variety of ways. An NVMe PCI Express card is
one way to do it. Another is the M.2 NVMe module form factor
like Micron’s 512 Gbyte unit (Fig. I) that uses 3D NAND and an
x4 PCI Express interface. The M.2 sockets are becoming more
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2. The U.2 drive module supports a range of
interfaces including an x4 PCI Express interface
designed to handle NVMe storage modules.

switches that are available so one or more
hosts can access the drives.

PCI Express fabrics have been used to
link multiple hosts together as in Dol-
phin’s PCI Express solutions. This con-
sists of a PCI Express switch and PCI Express host adapters that
can be cabled to the switch. A system is designed to run a version
of Linbit’s DRBD that replicates disk storage. Of course, the hosts
could use a PCI Express interface to use NVMe storage as well.

PCI Express has also been used to link other devices
together. For example, some GPGPUs can utilize their PCI
Express interface to communicate with other systems linked
by Ethernet supporting remote DMA (RDMA) using a pro-
tocol called GPUDirect. This configuration is useful in super-
computing clusters with GPGPUs located on different nodes
within the system.

PCI Express can be used with a single-root complex host
to interface with peripherals, but these days it can do much
more. ]
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Add USB Type-C

to Embedded Designs

Although USB Type-C technology provides a leap forward in convenience for end
users, developers need to understand the complexities of Type-C when adding this

KAFAI LEUNG | Senior Product Manager for MCU Products, Silicon Labs

USB innovation to their embedded designs.

ost commonly used electronic devices
have some type of Universal Serial Bus
(USB) port. These ports come in Micro,
Mini, and Type-A connector formats
and can'support different USB standards such 2.0 or more
recently, 3.1. USB Type-C is the next leap forward for these
ports, featuring higher speeds and better power deliv-
ery. This more advanced connector solves all of the
problems presented by its predecessors. Type-C
can handle high-speed data, video, and large
amounts of power. With the expanded
capabilities of Type-C, consumers
will only need to use Type-C
cables to charge, stream vid-
eo, or transfer data—tasks
that took a variety of cables.
Manufacturers will need to
provide and develop Type-C
ports on their devices to sup-
port different purposes.

Type-C technology’s versatil-
ity comes at a cost, because USB’s
once-simple inner workings of
cables, ports, dongles, and hubs
have been replaced by more complex
embedded components. A seemingly
straightforward HDMI-to-Type-C cable
is difficult to design due to the required
embedded devices.

Two main complications arise when developing Type-C
solutions. The first involves the ability to handle its wide
range of power. The second is to avoid communication fail-
ures that can occur due to the increase in supported commu-
nication standards.
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1. A USB Type-C receptacle port conforms
other connections to one standard.

When two devices are connected, the USB Power Delivery
(PD) protocol is initiated. The process involves a negotiation
among the amount of power delivered and who will be the
provider and consumer of that power. Since this commu-
nication requires detecting, reading, and processing analog
and digital signals, it needs microcontroller functionality

provided by an embedded MCU within the host port,
cable, or dongle. Failures can occur when devices or
hosts don’t support each other and can't establish
communication. They’re detected and then
communicated to the host and require

further MCU functionality.

USB Type-C makes life easier
for end users by reducing cables
and ensuring that devices work
together. Because of its inher-
ent complexity, Type-C can also

A
USB Type B

pose design challenges.

WHAT IS USB TYPE-C?
Many types of USB ports and
cables are available these days,
including Mini, Micro, Type-A and

USB Micro-B

Type-B. Such variety can be confusing

because a mobile phone has a different

port than a laptop, which has a different
port than a digital camera.

USB Type-C condenses most connec-
tions to one standard, covering all devic-
es and enhancing usability. This convergence of all USB ports
and cables (Fig. 1) can also handle charging as well as video.
Furthermore, USB Type-C supports multiple protocols and
is backward-compatible with USB 2.0. Almost all accessories,
including monitors, headphones, chargers, and keyboards,
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Connectivity

ably. Hosts initiate all communication

Al A2 A3 A4 A5 Ab A7 A8 A9 A10 A1l Al2
oD | X+ | - | Vbos | cal | Dr | D | SBUT | Vbus | R | RX2+ | onp | and devices respond. Typically, the host
is the downstream-facing port (DFP),
GND | RX1+ | RX1- | Vbus | SBU2 | D- | D+ | cc2 | Vbus | TX2- | TX2+ | GND | and the device is the upstream-facing
B12 B11 B10 B9 B8 B7 Bé B5 B4 B3 B2 B1 port (UFP). If two hosts are connected,
2. USB Type-C supports numerous receptacle ports. they can act as a dual-role port (DRP)
to switch between acting as a host and
Al12 A1l AlIO A9 A8 A7 Ab A5 A4 A3 A2 Al

a device. For example, when a keyboard

GND [ Rx2+ [Rx2- [ Vbus [SBUT [ D- [ D+

[ cc [ Vbus [xi- [ma+ [onD

is connected to a laptop, the keyboard is

GND | X2+ | TX2- | Vbus |Vconn | |

[sBu2 [ Vbus [ Rx1- [Rx1+ [ GND

the UFP and sink, while the laptop is the
DEFP and source.

B1 B2 B3 B4 B5 B6 B7 B8 B9

3. USB Type-C has unique plug pinouts.

are able to use USB Type-C to communicate with computers,
tablets, and smartphones.

USB Type-C port and cable layouts are shown in Figures
2 and 3. Flipping the plug doesn’t cause any problems due to
the symmetrical design of the signals in the receptacle port.
The USB 3.1 SuperSpeed TX/RX, Vbus, GND, and other pins
are connected correctly regardless of the orientation of the
plug and receptacle. From a user standpoint, this approach
is an upgrade from Type-A ports, as the Type-C cable can be
inserted in either direction.

USB Type-C is versatile and user-friendly, but this ease of
use increases the internal complexity for devices that employ
the technology. It has increased power capability (delivering
up to 100 W of power to charge a high-current
device), but that creates issues for devices that
don’t require so much power. This is where the

DFP monitors
for connection

PD protocol is useful. PD ensures the appropri-
ate range of power is delivered or sourced from
any connected devices.

USB TYPE-C TERMINOLOGY
Before discussing USB Type-C, it’s impor-

tant to distinguish between the device, the host, .
DFP monitors

the power supplier (source), and the power for connection

B10  BI11 B12

POWER DELIVERY
The initial power-delivery agreement
between connected devices is executed through a series of
resistors acting as voltage dividers on CC wires when a Type-
C plug is inserted into the receptacle. Figure 4 shows a typical
USB Type-C channel line topology.

Since the CC line in the plug is either connected to CC1
or CC2 in the receptacle, the receptacle determines the ori-
entation of the plug by simply measuring the voltages on
both CC1 and CC2 lines. The different values of the pull-up
resistors will communicate the amount of current the source
is able to supply, and in turn establish what will ultimately be
the UFP and the DFP.

The power consumer doesn’t have a way to indicate how
much current it sinks through different pull-down resistor

UFP monitors
for orientation

UFP monitors
for orientation

receiver (sink). The host isn’'t always the source;
therefore, the terms can’t be used interchange-
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4. A series of resistors act as voltage dividers on CC wires in a USB Type-C channel
line topology.
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5. Two Type-C devices can connect together using USB Type-C to
Type-C cable.

values. It has to dynamically adapt its load to match the maxi-
mum current available from the provider.

To read the voltage divider correctly, both devices need
an analog processing unit, usually in the form of an accurate
analog-to-digital converter (ADC) within an MCU. The ADC
measures the voltage on the CC line continuously to moni-
tor the connection between the plug and the receptacle. The
MCU, known as the PD controller, handles the complete
physical layer and upper layer protocol. It negotiates the power
being delivered or received. For simple Type-C applications,
the power negotiation stops with the resistors. For a more
adaptable design, though, the devices can agree on a different
setup by communicating over the CC line.

Once the plug orientation and initial power are decided, the
devices use the CC line to communicate with each other. Using
this line, the devices can agree on different levels of power
and designate the sink or source, enabling real-time power-
delivery adaptation. CC line communication is also used to
announce which type of communication will be used. As
previously stated, USB Type-C can communicate on the high-
speed lines, USB 2.0, and other lines. The devices announce
which of these lines can be used via the CC line. However, not
all devices support all communication protocols.

FAILURE NOTIFICATION

A failure occurs if the two connected devices don’t support
one another. For example, a failure would occur if a monitor,
which can only receive video from a host, is connected to a
host that’s unable to support or supply video data. If this hap-
pens, the host will remain unaware of the failure because com-
munication can’t be established.

In light of this scenario, the USB Type-C standard demands
an embedded device on the monitor or device side to act as a
failsafe known as a “Billboard” device. The Billboard device
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6. USB Type-C alternate mode adapter cable is used to support

legacy formats.

signals to the host through the USB 2.0 standard on the D+
and D- lines that communication cannot be established. The
host can then notify the user that the two devices are incom-
patible. Billboard devices are typically MCUs, which may be
the same as the PD controller.

TYPE-C CABLES AND ADAPTERS

Users who wish to use older peripherals that don’t support
USB Type-C need to incorporate converting cables or dongles.
There are multiple cases to account for, the first being the
simple USB 2.0 to Type-C. Because USB 2.0 doesn’t support
higher speeds, and doesn’t require more than 5 V or 3 A on
Vbus, the cable can simply route D+/D-, Vbus, and GND to
the connectors. A Type-C to Type-C cable, a dongle that con-
verts USB 3.0/1 to Type-C, or one that requires more than 5V
or 3 A on Vbus, is more difficult to design.

In these cases, the dongle becomes part of the power nego-
tiation between the two devices, requiring the cable or dongle
to have an embedded PD controller. The PD controller is
initially powered through Vbus set at 5 V or the Vconn line. It
then negotiates with the host to set an agreed upon power level
on the Vbus line.

Figure 5 shows an electronically marked cable assembly
(EMCA) example for connecting two Type-C devices. The PD
controller can be powered by Vconn 1 or Vconn 2. The EMCA
will advertise its maximum power capabilities on the CC line,
and the source will adapt to suit.

TYPE-C ADAPTER WITH ALTERNATE MODE

An alternate mode represents the functional extension
of the Type-C interface. This mode makes it possible for
DisplayPort, PCI Express, or other types of communications
protocols to take advantage of the USB 3.1 SuperSpeed lines.
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7. A purpose-built development board can simplify the task of adding
USB Type-C functionality to embedded designs.

The alternate mode is entered when connecting the adapter
to a compatible host.

A dongle that supports the alternate mode requires extra
precautions and embedded devices. The dongle must inform
the host if it was unable to enter the alternate mode to avoid a
silent failure. It accomplishes this task through the Billboard
device, and the USB Type-C PD standard mandates that any
alternate-mode accessory implement a Billboard device.

Figure 6 shows a cable that converts a legacy video port into
Type-C. If the Type-C device doesn't support the legacy video
format, the PD controller will inform the Billboard device, and,
in turn, inform the Type-C device of the failure.

DOCKING STATION OR HUB

A more complex example than display/Type-C to Type-C
is a docking station or hub that must support charging many
devices. The hub can be a combination of multiple Type-C or
Type-A ports, HDMI, and PCle. This hub requires multiple
embedded devices to successfully support connected devices.
Each port, depending on what device is connected, will need
different amounts of power. To account for this, each port may
require a PD device.

Any video ports, such as display, VGA, or HDMI, will need
a Billboard device. In addition, the hub requires a device to
control traffic to the host. This remains largely unchanged
from the Type-A hubs, because you must prevent collisions on
the lines and ensure that only one device is communicating to
the host at one time. It’s clear that the previously simple hub
now requires a more complex and demanding design.

USB TYPE-C SOLUTIONS

All of this added design complexity needn’t fall solely on
developers. USB device suppliers like Silicon Labs provide
development boards, PD libraries, Billboard source code, and
example code aimed at dongles, docking stations, and device
ports. Developers can greatly reduce USB Type-C develop-
ment time and effort by using these tools when developing
new Type-C devices.
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Development boards (Fig. 7) are now available that imple-
ment a Vesa DisplayPort alternate-mode adapter with charg-
ing capability. Developing such a device increases the capa-
bility of a single Type-C port on a host by allowing power
(charging) and video to come through one port.

The board shown in Fig. 7 features two PD controllers, one
for each port, and a Billboard device to accompany the Dis-
playPort. The reference design handles switching to alternate
mode, charging, informing the host of a failure, and ensuring
correct power delivery to the display port and host.

Using a development board like this, along with supplied
firmware, is less painful and faster than creating a new plat-
form and writing firmware from scratch. With such develop-
ment tools, manufacturers and suppliers can quickly deliver
a Type-C solution with enhanced functionality.

CONCLUSION

USB Type-C is the standard of the future. The days of dig-
ging through a drawer looking for the correct conversion
or cable ends are over. Going forward, choosing a cable will
involve deciding whether the end is a plug or receptacle,
and whether it can handle higher amounts of power. Smart-
phones, tablets, and laptops that have only Type-C ports are
already on the market, and these pioneering devices repre-
sent just the start.

Type-C requires embedded devices and firmware to han-
dle vast functionalities, which puts a strain on developers
and manufacturers as they migrate their devices. Fortunately,
embedded developers are able to turn to USB Type-C refer-
ence designs, libraries, firmware, and support teams that are
dedicated to simplifying Type-C requirements for a wide
array of applications. &2l
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Delivering 3D Video

for Virtual and Augmented
Reality Applications

Why put a single camera on a servo when a half dozen with a compute engine provide

a better result?

emember when digital cameras were big, bulky,

and expensive? Getting a single camera to pro-

vide wider visual coverage often entailed mul-

tiple servos. Getting one to provide a stable
image while flying around attached to a plane or quad-
copter was an even greater challenge. In fact, that is what
Viooa’s solution is designed for.

The Viooa (Fig. 1a) uses three image sensors to deliver a
360-deg. by 180-deg. image. That is an 8.5 Mpixel snapshot or
4K Ultra HD video. It uses on-board compute power to knit
together the camera images into a single panoramic image. The
module also has GPS support as well as gyroscopes and acceler-
ometers to support digital image stabilization.

The Viooa Super Resolution (Fig. 1b) camera uses a 4K
color camera with a fish-eye lens plus four monochrome cam-
eras to generate 8K images. The monochrome cameras also
support Viooas Sense and Avoid software.

Both cameras are designed to mate with a number of UAVs,
from the fixed with Quest to the DJI series of quadcopters like
the Phantom and Inspire 1.

Viooa’s solution is just one of many multiple-imager prod-
ucts. For example, the Vuze VR (see “New Cameras and Apps
Drive Augmented and Virtual Reality” on electronicdesign.com)
uses four pairs of image sensors to provide 360-deg. video for
3D virtual-reality videos. Each pair handles an overlapping
quadrant and the pairs provide 3D imaging within the quadrant.

StereoLabs’ ZED 2K Stereo Camera (Fig. 2) is designed for
a single quadrant, but it can deliver 2.2K (4416 by 1242 pix-
els) video at 15 frames/s, 1080p at 30 frames/s, or 720p at 60
frames/s using 4 Mpixel sensors. The ZED SDK is a C++ library
that can generate 3D point clouds using information from the
camera. The ZED SDK works with Nvidia’s Jetson TX1 (see “Jet-
son TX1 Powers New Products at GTC 2016” on electronicdesign.
com) running NVidia’s CUDA software. The camera is con-
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1. Viooa (a) has three color image
sensors while the Super Resolu-
tion model (b) has a single fish-eye
color camera surrounded by four mono-
2. StereoLabs’ ZED
2K Stereo Camera o

chrome sensors for image stabilization.

provides high-
definition 3D depth
sensing when cou-

pled with a compute

nected to the Jetson TX1

by a USB 3.0 cable. It allows the system to
provide depth sensing from 1 m to 15 m.
This information can then be used for object recognition and
eventually obstacle avoidance as well as path planning.

Some systems do post processing of video where a heftier
compute server is available to knit together video and GPS
information. Others, like the ZED and Jetson TX1, work in
real time. Having enough heavy-duty compute power avail-
able for video processing means there may be headroom to
handle other image processing chores such as obstacle and
face recognition.

Multiple cameras have the advantage of covering a large
area as well as providing 3D information. This may not elimi-
nate the need for other sensors such as LIDAR for some appli-
cations, but these image sensors may be the only ones needed
in many applications. [

engine like NVidia’s
Jetson TX1.
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For Improving Data
Center Efficiency

To support the growth of data consumption arising from voice, video, and data
communications, data centers need to be added or expanded overloading the power
grid. Therefore, data-center designers are working on greener designs with minimum

power consumption.

he data-center industry has become one of the

world’s largest consumers of electricity. Accordingly,

Yole Développement recently published a report

entitled “New Technologies and Architectures for
Efficient Data Center;” which examines several scenarios for the
evolution of these centers’ energy consumption.

And make no mistake: Evolution is a necessity. “In the actual
scenario, with an average Power Usage Efficiency (PUE) of 1.8,
worldwide data-center energy consumption will reach 507.9
TWh by 2020;” explains Mattin Grao Txapartegy, a technology &
market analyst at Yole.

With that in mind, here are five major tools that will help cre-
ate more efficient data centers:

1. ENERGY-EFFICIENCY METRICS

To help understand the energy use of a data center, we must
understand and communicate about energy through the same
energy-efficiency metrics, such as Power Usage Effectiveness

(PUE) and Data Center Infrastructure Efficiency (DCiE).

« Power Usage Effectiveness is an index defined by The
Green Grid that measures how efficiently a computer
data center uses energy—specifically, how much energy
is used by the computing equipment. PUE is the ratio of
total amount of energy used by a com-

1. Typical values for

DCiE (PUE) range

from a very inefficient

33% (3.00) to a very

efficient 90% (1.11).

(Courtesy of Spook)

puter data-center facility to the energy
delivered to computing equipment.
PUE is determined on a scale from 1
to 4, with 1 being very efficient, and
4 being very inefficient. Anything
else that isn’t considered a com-
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puting device in a data center (lighting, cooling, etc.)
falls into the category of facility energy consumption.

PUE = Total Facility Power [kW]/IT Equipment Power[kW]

Total Facility Power is the power measured at the utility meter;
IT Equipment Energy represents the load of IT equipment.

« Data Center Infrastructure Efficiency is the reciprocal of PUE.
It is calculated as a percentage by taking the total power of the
IT equipment, then dividing it by the total power into the data
center multiplied by 100.

DCiE = IT Equipment Power[kW]/Total Facility Power
[kW] *100%

In reality, not all of the power entering the data center is used
to operate the IT loads. There are losses in the power system
that must not be ignored. In addition, power is consumed by the
data-center support infrastructure. The support infrastructure
elements include power transformers, uninterruptible pow-
er supply (UPS), generators, computer-room air conditioners
(CRAC:s), remote transmission units (RTUs), ventilation, air-
conditioning (HVAC) systems, and video-surveillance systems.

DCiE
33% 40% 44% 50% 57% 67% 80%
‘@ LESS EFFICIENT MORE EFFICIENT@
3.00 2.50 2.25 2.00 1.75 1.50 1.25
PUE
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An ideal PUE value of 1.0 is difficult to reach (Fig. 1). Uptime
Institute’s 2014 Data Center Industry Survey concluded that the
average PUE value for its respondents’ largest facilities is 1.7.
The Green Grid recommends the use of annualized energy con-
sumption figures in calculations, which allows facilities to avoid
periods when their IT equipment is running at full capacity to
avoid incorrect PUE values. According to The Green Grid, the
most likely measurement point would be at the output of the
computer-room power distribution units (PDUs).

2. POWER-CONVERSION ARCHITECTURES

Two-stage power conversion (48 V to 12 V to load) has been a
very common architecture for powering CPUs and GPUs in data
centers. Single-stage power conversion is another option (48 V to
point of load). It reportedly eliminates one conversion loss and
reduces distribution power loss by a factor of 16 in a rack imple-
mentation, compared with two-stage power conversion.

Google announced at the Open Compute Project (OCP)
Summit that it has been using a 48-V to point-of-load (POL)
design for the last several few years. It does not require special
safety precautions; Google found that it was at least 30% more
energy-efficient and more cost-effective than a two-stage power-
conversion design. Since joining OCP, Google has been promot-
ing single-stage power conversion (48 V to point of load) and
working toward a rack standard that suppliers could use in the
future. Here are two of the latest solutions in the market:

Vicor Corp. has been supporting the data-center infrastruc-
ture highlighted above by Google for some years already. Vicor’s
latest generation of 48-V direct-to-POL modules integrate the
following: non-isolated buck-boost pre-regulator modules
(PRMs; e.g., PI3751-00) and voltage-transformation modules
(VTMs; e.g., VTM48KP020x095BA0; Fig. 2). Vicor’s technol-
ogy takes the regulation, isolation, and voltage-transformation
functions of a typical dc-dc converter and separates them into
individual elements. The PRM acts as high-efficiency step-up/
step-down voltage regulation. In contrast, the VIM acts as a
high-efficiency voltage transformation unit at the point of load
while providing isolation from input to output.

In addition, STMicroelectronics has developed a digital power
architecture that is fully isolated for direct power conversion

GO TO ELECTRONICDESIGN.COM

48V 12V

-1V L and Telemetry device
may be used with a
VTM/PRM pair

(Courtesy of Vicor)

from 48 V to any point of load. This three-chip solution is fully
compliant with Intel's VR12.5 (Haswell and Broadwell), VR13
(Skylake), and DDR3/4 voltage-regulation specifications, as well
as all field-programmable gate arrays (FPGAs) and application-
specific integrated circuits (ASICs) for data-center applications.

3. POWER SUPPLY

An uninterruptible power supply (UPS) is a system that pro-
vides backup electricity to I'T systems. It contains an energy stor-
age system that supplies power to the load when utility power
is unavailable. Traditionally, data centers draw power from the
grid. Microsoft previously claimed that in a traditional 25-MW
data center (approx. 25 MW), the UPS and battery-equipment
room footprint accounts for 150,000 ft.2.

Last year, the company donated a distributed UPS technol-
ogy called Local Energy Storage (LES) to the Open Compute
Project. LES offers an integrated power supply and battery that
completely eliminates the facility UPS and moves that capability
directly into the IT load. Moving the energy storage close to the
server eliminates up to 9% of the losses associated with conven-
tional UPS systems, resulting in an up-to-15% improvement in
data-center PUE while shrinking the data-center footprint.

An example of such a power supply is the one just released by
Artesyn Embedded Technologies. This 1600-W power supply
(HS-OCS Series) is designed for hyperscale data centers, like
those using the Open Compute Project specifications (Fig. 3).

4.LIGHTING SYSTEMS

Light-emitting diodes (LEDs) are another tool that can help
to improve the efficiency of a data center. They consume less
energy, generate less heat, and are more durable when compared
to traditional and halogen incandescent technologies.

The Telecommunication Infrastructure Association (TIA)
Standard for Data Centers, ANSI/TIA-942-A, recommends
that data-center operators implement LED lighting within their
facilities. However, the focus is not solely on changing the light-
ing. There is now an LED-lighting-system solution that allows
lighting use whenever and wherever it is needed.

For example, the OCP electrical specification (Data
Center v1.0) used in the design of Facebook’s innova-
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tive and energy-efficient data cen- 5. POWER SOFTWARE

ter uses LED lighting throughout Data-center virtualization
the data-center interior. Each fixture can reduce cost, power, cool-
has an occupancy sensor with local man- ing, and hardware, resulting
ual override and programmable alerts via
flashing LEDs.

Ethernet LED-lighting technology is

in greener data centers. In
addition, a new tool for soft-
ware-defined power promises
also known as Power over Ethernet (PoE). to help achieve more efficient

It can provide data centers with intelli- data-center infrastructure in

gent lighting capabilities that integrate terms of power. Dubbed Vir-
sensors, which are able to detect motion, 3. Artesyn HS-OCS Series offers up to 94% peak efficiency.  tual Power Systems (VPS),
lighting, and energy metering. LED light Users can connect up to six of the power supplies in paral- it was recently selected as a

fixtures can be powered by basic Ethernet lel with active load sharing from 35 to 100% of the full load. 2016 TiE50 Top Start-up. VPS

cable rather than use an electrical power-  (Courtesy of Artesyn Embedded Technologies) promises to aid in optimizing
line, because low-energy LED lighting is capacity utilization, control-
low voltage. ling performance, and reducing TCO costs using a software-

Data centers are starting to adopt this technology. For  defined power called Intelligent Control of Energy (ICE).
example, the Long Island, N.Y.-based data center mindSHIFT VPS ICE intelligently and dynamically allocates power to
Technologies Inc. has installed PoE LED lighting across 40,000  racks, branch circuits, and I'T nodes, with constant awareness of
square feet of data center and office space, where it hopes the  power-consumption needs across the data-center topology. CUI
technology will lead to 70% less energy consumption than ordi-  partnered with VPS to set a new standard for an efficient power
nary LED-lighting systems. The company selected SmartCast  infrastructure for data centers to create a larger software-defined
PoE LED lighting, developed by Cree Inc., integrated with a  power ecosystem, ultimately creating a more intelligent, more
Cisco network. efficient data-center infrastructure. &%l
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JOEL WOODWARD | Strategic Oscilloscope Planner

Rohde & Schwarz, www.rohde-schwarz.com

FIVE QUESTIONS

About Oscilloscope
Zone Triggering

Zone triggering

is an oscilloscope
technology that
complements
traditional scope
triggering, helping to
isolate events when
hardware-based
triggers fall short.

32

scilloscopes remain the ulti-
mate authority for real-world
troubleshooting and problem
identification. The primary
oscilloscope technology block that allows
engineers to isolate specific events is the
trigger. Oscilloscopes come equipped with
standard hardware-based triggering capa-
bilities for events such as edge, pulse width,
pattern, and other parametric conditions.
While these traditional hardware-based
triggers excel at isolating the rarest of
events, sometimes they simply aren’t suf-

CEIEE

e

File | Horizontal | Trigger Vertical Math Curs

S 440

Meas Masks Search Analys

ficient. For example, a user may be able to
graphically see an anomaly, but the available
trigger options don’t readily conform to iso-
late this event.

Graphical triggering, also known as
zone triggering, complements traditional
hardware-based triggering by giving oscil-
loscope users additional triggering flexibil-
ity. Engineers who want to make use of zone
triggering and evaluate zone-triggering
offerings across oscilloscope manufacturers
will benefit from the following questions
and answers.

=

reate zone trigger ..

(not Zone1 and Zone2 an |
'd not Zone3 and Zone4

Clear Expr | Delete all

Smart Touch
JYJ Click into dlagram to set
a point of a trigger zons.

Drave a rectangle in
diagram to create &
trigger zone

. Advanced Setup

b

Display Tutorials

1. Zone triggering complements traditional hardware-based scope triggering by allowing users to

graphically draw one or more zones where a signal should or should not intersect. The oscilloscope

only displays acquisitions that meet the zone conditions and discards other acquisitions. In this exam-

ple, the R&S RT02000 uses four zones to isolate a 0, 1, 0, 1 pattern.
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Inverting Regulator Takes Inputs Up to 50V and Supports

Outputs to 4A
Design Note 552
Victor Khusiev

Introduction

Positive-to-negative DC/DC conversion (inverting
output) is widely used in LCD devices, OLED displays,
audio amplifiers, industrial equipment, measurement
tools, test systems, LED drivers and battery chargers.
In all of these cases, the inverting converter must be
compact, support high power and accommodate an
extended input voltage range. The LTC®7149 satisfies
all of these requirements. Its integrated 4A switches
and wide 3.4V to 60V input voltage range exceed the
requirements of the most demanding applications,
including those in automotive environments.

Circuit Description and Functionality

Figure 1 showsapositive-to-negative converter based
on the LTC7149. This solution delivers —10V at 2A
from an input voltage of 12V—an automotive rail, for
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instance. The power train components were selected
fora nominal 12V input, but with proper derating, the
input voltage of this application can be as low as 4V
or as high as 50V.

In automotive applications, the LTC7149’s ability to
handle high voltage inputs eliminates the need for
costly voltage suppressors. The very low minimum
inputvoltage keeps sensitive systems operational even
during cold crank conditions. Guidelines for calculating
voltage and current stress on the components around
the LTC7149 are detailed in the LTC7149 data sheet.
As an example, derating of the output current at input
voltages below 12V is shown in Figure 2.

The circuit of Figure 1 uses external loop compensa-
tion. Connecting ITH to INTV¢ allows internal com-
pensation to be used, as shown in Figure 3. Tying the
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 1. LTC7149, Positive-to-Negative Converter

(Vin: 4V =50V, Vgyt: —10V at 2A)
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MODE/SYNC to GND activates Burst Mode®operation.
Synchronization pulses referenced to GND can be ap-
plied to this pin if needed. Efficiency of this solution
reaches 94%.

Voltage Controlled Variable Negative Output Circuit
Asignificant number of applications require on-the-fly
changes to the negative bias, including LCD, OLED
monitors and test equipment systems. The LTC7149
includes features to simplify this task.

Figure 3 shows a negative voltage source, where the
negative output is controlled by a positive signal volt-
age. The positive controlvoltage, referenced to GND, is
applied to the Voytsns pin. In Figure 3, this is VoTRL,
inthe range of 0V to 5V. The resulting negative output
voltage Voyt—is determined by:

Vour—=—50pA * Rggr + VeTRL

The lowpass filter Rr/Cr provides noise suppression.
The VouTsns pin cannot be left floating under any cir-
cumstances—somevoltage potential mustbe present
on this pin at all times. If this requirement cannot be
met, for example during system testing, then resistor
Rp should be installed.

Figure 4 shows Vgyt—as a function of Vergi. Figure 5
illustrates the broad application potential of this ap-
proach as the Vet voltage is shaped as a sine wave
with a 2.5V amplitude.

Conclusion

The LTC7149 is a high efficiency 50V, 4A synchro-
nous monolithic regulator for negative output power
supplies. It combines wide input and output voltage
ranges and integrated switching transistors, which
simplify the converter design. The solutions and cir-
cuitry discussed in this design note can assist with
theimplementation of this regulator in automotive and
industrial applications, display and monitor systems.
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2. Recent innovations in zone triggering allow
the technology to be used for math functions
in addition to scope channels. In this exam-
ple, the R&S RT02000 has two single-ended
passive probes connected to D- and D+ USB
signals shown in the upper diagram. Zone
triggering has been set to work on a math
function that combines the two single-ended
signals into a differential signal shown in the
lower diagram.

By having a good understanding of
zone-triggering technology, users can
determine when it’s effective and when
it isn’t a good choice. How does zone
triggering work? Well, it’s pretty simple.
Users graphically draw one or more zones on the oscilloscope
display (Fig. 1). Each zone can be parametrized with a “must
intersect” or a “must not intersect” condition.

With each new oscilloscope acquisition, the scope looks
through the acquired record. If the acquisition matches the
zone conditions set by the user, the scope displays the data.
If the acquisition doesn’t meet the zone condition, the scope

mawn Flle Horlzontal Trigger Vertical | Math |Cursor Meas Masks Search |Analysls Display Tutorials

discards the data. As a result, only acquisitions that meet user-
specified zone conditions are displayed on the oscilloscope.

Zone triggering is typically set up as a second stage in a trig-
ger and follows a traditional hardware-based trigger condition
such as an edge trigger. This allows users to use a traditional
trigger condition to narrow down event types, and then use
the zone trigger to add greater specificity.
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3. In this example, the user has set a
zone trigger in the frequency domain
on the R&S RT02000. The oscillo-
scope will capture and display only
acquisitions where the sidebands
exceed a certain power level.

Zone triggering allows the
user to graphically specify con-
ditions that must be met by a
trigger. From a usability perspec-
tive, this often is simpler than
determining how to accomplish
the same goal using a traditional
hardware-based trigger condi-
tion. More often, though, zone me= e DA e
triggering allows users to isolate
specific events that would be
impossible to trigger on using traditional trigger selections.
Zone triggering was invented to help engineers isolate events
that slip by a traditional hardware-based trigger.

What are some examples? Double-data-rate (DDR) memo-
ry read and write cycles include wave shapes that vary slightly.

File Horizontal Trigger Vertical Math|Cursor Meas Masks Search | Analysis Display |Tutorials

Separating read versus write cycles is impossible to do using a
traditional oscilloscope trigger, but very easy to do with zone
triggering. The user simply draws a small square on the part of
the waveform that varies between a read and a write cycle, and
then is able to specify “must intersect” or “must not intersect”
to have the scope only display the desired cycles.
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Zone triggering can perform several functions. First, it dis-
plays acquisitions that have a non-monotonic edge. Second,
it can be used to specify a sequential pattern of 1s and 0s by
drawing a zone in each sequential clock period. Third, it’s able
to graphically isolate serial bus packets. For example, a user
can draw a zone in an area where USB transmits data packets
and only displays data packets.

Traditional oscilloscope hardware-based triggers oper-
ate exclusively on scope analog channels or digital channels.
Since zone triggering is a post-acquisition algorithm, from a
technical perspective, the technology can utilize a wider range
of sources. Recent advances in zone triggering allow users to
select math as a source. A user can specify a zone that operates
on a math equation, or a fast Fourier transform (FFT). This
advance provides unique capabilities not found in hardware-
based triggering circuits, nor in earlier generations of zone-
triggering technology.

For example, in the frequency domain, a user can use zone
triggering to isolate all events where a sideband exceeds a
specified power level. Or, in the time domain, where a user has
connected a current probe and a voltage probe and multiplies
to get power, the user can have the scope on display events
where power is greater than a desired value. Adding math as
a source for zone triggering makes zone triggering incredibly
powerful, allowing it to be used as shown in Figures 2 and 3.

Most technology innovation has tradeoffs, and zone trig-
gering is not excluded. Remember that zone triggering is
a post-processing technique. This results in two undesired
consequences. The additional post-processing needs to slow
down the overall update rate of the scope. It's not uncommon
to see zone triggering reduce update rates by a factor of 100.
This may cause the scope controls to feel more sluggish. More
importantly, the additional processing requirements will result
in increased blind time between scope acquisitions. This ren-
ders zone triggering effective only where signals are repetitive.

The amount of time required to perform the required zone-
triggering processing will vary by vendor oscilloscope family
and be heavily influenced by the amount of memory that’s
turned on, as well as the type and quantity of zone sources.
In short, traditional hardware-based triggering is the only
method to ensure capture of rare or non-repetitive events.

If you're thinking about adding to an existing oscilloscope
or evaluating zone-triggering capabilities on a new oscillo-
scope, several areas can be considered for comparison. The
zone-triggering application typically is available on oscillo-
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scopes that are several hundred megahertz in bandwidth or
greater with sufficient processing capability.

Check with your manufacturer to see which of their scopes
supports zone triggering. Almost all demo units for scopes
that support zone triggering will have the option enabled for
evaluation. For existing oscilloscopes where zone triggering
is offered, vendors typically allow users to get a trial license.

One big difference users will find across oscilloscope-
manufacturer zone-triggering applications is the sources on
which the zones operate. All zone-triggering applications
enable the user to specify an analog channel as a zone source.
A smaller fraction of manufacturers allow zones to be applied
to math functions. Math is commonly used for power analysis
and for differential signals. Hence, zone triggering on math
sources can be extremely valuable, as traditional hardware
triggers can’t trigger on math.

Does the zone-triggering application you're evaluating sup-
port zone triggering on FFTs? Oscilloscope hardware triggers
operate on time-domain signals and can’t be used in the fre-
quency domain. Zone triggering is the only way for an oscil-
loscope to trigger in the frequency domain.

Another difference will be the amount of processing time
that each manufacturer takes when zone triggering is enabled.
While it’s possible to measure update rate with a specific
zone-triggering configuration, all scopes are slowed down
with zone triggering enabled. Zone triggers can miss infre-
quent events. A hardware-based trigger is the only method to
guarantee that the scope won’t miss a trigger event. For this
reason, impact on update-rate speed might not be significant
as a comparison metric, unless it’s at the point where controls
are sluggish or viewing is significantly impaired due to slow
update rate.

A number of other attributes will vary across oscilloscope
vendors. Some vendors will allow users to exclusively draw
rectangles as zone shapes, while others will let users draw arbi-
trary zone shapes. While rectangles are sufficient for a number
of applications, the ability to create an arbitrary shape can help
isolate events that require more precision.

How easy is it to modify the zone size, shape, source, and
type? Experiment by adding and removing zones on each
scope that you're evaluating. Users tend to add and/or remove
zones more frequently than they originally anticipate.

Zone triggering, an oscilloscope technology that comple-
ments traditional scope triggering, continues to grow in
popularity. For users who haven't previously invested in zone-
triggering applications, the technology is perpetually evolv-
ing, and can help isolate events where traditional hardware-
based triggers fall short. Recent advances include the ability
to apply zone conditions to math functions and FFT views.
For repetitive signals, zone triggering makes an excellent
complement as a second stage to traditional oscilloscope
triggering technology. &2l
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Digitally Programmable Amplifier
Meets Sensor Gain, Ranging Needs

CARLOS CASTRO-MIGUENS | Vigo University  JOSE BENITO CASTRO-MIGUENS | Cesinel Company

MOST DATA-ACQUISITION SYSTEMS with wide dynamic range
need a method of adjusting the input-signal level to the
analog-to-digital converter (ADC) to ensure the maximum
input signal will be fairly near to the ADC’s full-scale input
voltage (note that a typical ADC’s full-scale input-voltage
range is between 1 V and 10 V). At the same time, the gain
applied to a sensor output may also need to be adjusted during
run time, for example, to compensate the nonlinear output
across the temperature range. To achieve this, a programmable
gain amplifier (PGA) or a variable gain amplifier (VGA) is
usually located between a sensor and its ADC (Fig. I).

Both PGAs and VGAs usually allow for selection of fixed gains
whose values are typically between 1 and 100. Some applications,
such as sensing and/or controlling current flow, require applying
specific gains to optimize both the sensor output-voltage range
and the ADC'’s resolution. In these cases, the required gains can
vary between 1 and 1500 or more, and its values don't fit to the
selectable values in commercial PGAs or VGAs.

When choosing the topology of the amplifier circuit with
a very high gain, it’s convenient to bear in mind that in many
cases, it’s not advisable to use feedback resistors with a very
high value (> 1 MQ) due to the present noise. In addition, if it’s
necessary to implement an amplifier with a very precise gain,
then the current by the resistances must be much greater than

R2 R3

Digital
output

PGA ADC 72

Sensor

m

Gain control

1. The function of the PGA in a data-acquisition system is to scale the
sensor output span to match the input range of the ADC, for maxi-

mum resolution and minimum noise.

the op amp’s offset current. This is only possible if the resistors
don’t have a very high value. On the other hand, it’s always
necessary (desirable) that the amplifier input resistance be
reasonably high (not very small).

Figure 2 shows two amplifier circuits with eight digitally
programmable gains that meet all of the above conditions.
Although the number of gains that can be implemented with
these circuits is equal to 2n, where n equals the number of
MOSFETs, it’s only possible to implement n independent
gains. The values of the implemented gains in these circuits
are easily adaptable to the needs of virtually any application
that’s considered.

Figure 2 shows two amplifier circuits with eight digitally
programmable gains. The number of gains that can be imple-

R2 R3

2. The inverting amplifier circuit (a) and non-inverting amplifier circuit (b) each have eight programmable gains, set by three logic-level inputs

(D1, D2, and D3), that control the MOSFET switches.

GO TO ELECTRONICDESIGN.COM
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mented with these circuits is equal to 2n, where n is the number

of MOSFETs used. The values of the implemented gains in these

circuits are easily adaptable to the needs of the application.
Figure 2a represents an inverting amplifier circuit, while

Fig. 2b is non-inverting. In both circuits, digital signals D1,
D2, and D3 are used to select the gain of the amplifier. The
MOSFETs used must be logic-level MOSFETSs (or logic-level
gate MOSFETs) with an RDS(ON) as low as possible (such as the

2N7002P with typical Rpg ) = 1 € or the IRLML2502 with a
typical Rpg o) = 0.05 Q).

The independent gains that can be selected in the amplifier
circuit of Fig. 2a are:

vV

1

D,D,D,=000 — G0=v—(:=%l[R2+R3]
D,D,D,=001 — G]=:—f=;?ll:R2+R3+R1§f3-
D,D,D, =010 — G2=:—j=%l:R2+R3+R]§:z3-
D,D,D, =100 — 3=z—?=%:R2+R3+RI§i3-

When two or more MOSFETs are used, the body

R1 diode of a MOSFET will start to conduct current if the

input voltage (vi) becomes too large, thus distorting the

amplifier’s output voltage. To avoid this, the following
condition must be satisfied:

— -V

0 Vg =kxilt)

v, sR—;-v P
where vy, is the body-diode forward voltage of the
MOSEET (v, > 0).

When only one MOSFET is used, the input voltage
must fulfill the following condition to avoid body-diode
conduction:

v <ﬁ(1+ ~a )-v ‘
T R2 RDS on g

3. This practical current-measurement system uses a Rogowski coil as the

sensor, with digitally selectable gain that can be set by the user or a system

controller, to maximize use of the ADC’s resolution.

The independent gains that can be selected in the
amplifier circuit of Fig. 2b are:

Solid State Relays and Contactors

CARLO GAVAZZI

DIN rail or chassis mount solid state contactors and SSRs which
are UL508 rated for motor loads, and feature integrated heat
sinks, fans and large load terminals. Designed for switching
single phase loads up to 85 amps (15 Hp) and two or three pole
types for switching up to 75 amps per phase (25 Hp).

Chassis mount solid state relays (SSRs) available in one, two
or three pole switching designs. Single phase types up to 125
amps, two pole types up to 40 amps and three phase types up
to 75 amps. Also offered in our new slim-line design (up to 90
amps) and compact fast-on type (up fo 25 amps).

Specialty SSRs for your growing demands: System Monitoring
SSR for line /load voltage and load current, fused SSRs provide
more protection, and 1, 2 and 3 pole proportional controllers
with several switching modes: phose cngle, distributed burst (1,
4orlb cyc|e), or sog start.

Carlo Gavazzi is one of the fastest growing SSR manufacturers worldwide! Contact us if you're interested in a free evaluation sample (qualified OEMs only).

GavazziOnline.com © 847.456.6100 ¢ Info@Carlo
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D,D,D =000 = G=-t Rl+];2+R3
DD =001 = G-BeR Ak
D,D,D, =010 — G2=v—?=%:l+£;;1§;:
DD,D =100 — G_%“%

In the circuit of Fig. 2b, when using two or more MOSFETS,
the body diode will conduct current if the input voltage (v;)
takes too small negative values, distorting the output voltage
of the amplifier. To avoid this, the following condition must
be satisfied:

-V,
VSRR,

When only one MOSFET is used, the input voltage must
fulfill the following condition to avoid body-diode conduction:

1+Ra /RDS—on .

Figure 3 shows a practical application of the circuit of Fig.
2a. In this example, a controllable-gain amplifier is used to
amplify the output voltage (vi) of a circuit that integrates and
filters the signal generated by a Rogowski coil. Assume the
ADC that will sample the signal vo = k x i(t) has reference
voltages of Vppp, =2.5Vand vppr =-2.5V, the Rogowski coil
has a sensitivity constant of 30 pV/A, the integrator high-pass
filter has a voltage gain of 1.2 (1.64 dB) at 50 Hz, and we want
to measure ac currents in the following ranges: 1280, 320, 80,
and 20 Apy 6

The gains to select are: GO = -38.363, G1 = -153.452, G2 =
-613.808, and G3 = -2455.2. Many combinations of the resis-
tances in the circuit shown in Fig. 2a can provide these gains.
The following offers a simple and fast method to calculate the
appropriate values of the resistors:

R 3 =300 X Rpyg ) = 300 x 1 Q =300 ©, s0 we set the small-
est value of the Ra resistors to ensure that the value of Rpyq o,
doesn’t have a significant influence on the amplifier gains.

INRUSH CURRENT LIMITERS

@ @,

ISO 9001: 2008 Certified

CONTACT US FOR
FREE SAMPLES

800-808-2434 e 775-884-2434 (outside the US and Canada) © www.ametherm.com

GO TO ELECTRONICDESIGN.COM

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
1.0 to 50 AMPs SSI

P Limit up to 900 joules of inrush energy
P UL & CSA rated, RoHS compliant, and meet Reach regulations standards

P Free samples, fast shipping, and competitive pricing

AMETHERM

Circuit Protection Thermistors

: I"l I MOUSER
ELECTRONICS

ALSO AVAILABLE THROUGH
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R,=R, =2 x Ry, x (Gy— G)/G, = 37799.9 = 37.8 kQ
R, =-4 x R, (-] + Gy/Gy)/Gy = 1970.6 = 1.970 kQ
R, =R, % (Gy— Go)(G, — Gy) = 6299.8 = 6.3 kQ

R, =R, % (Gy— Go)/(G, — G) = 1.260 kQ

The gains obtained with the calculated values are (theoreti-
cal values are shown in square brackets):

D,D,D,;=000— G, =-38.3756 [-38.363]

D,D,D,=001— G, =-153.5025 [-153.452]

D,D,D,;=010— G,=-614.01 [-613.808]

D,D,D,=100— G, =-2456 [-2455.2]

In the case of using the amplifier circuit shown in Fig. 2b,
the following method can be used to determine the appropri-

ate values of resistors that provide gains GO = 38’363, G1 =
153’452, G2 = 613’808 and G3 = 24552:Q)

R 3 =300"Rpg,, = 30012 =300 Q

R, =2 R 3 (G5—Go)/(1+Go) = 36840 Q
R;=R,

R =4R (G,-G,))/(-1+G})=1972 Q
R, =R 5(G;~ G)/( G, — G,) = 6300 Q
R, =R 5(G;— Go)/ (G, — G,) = 1260 Q

CARLOS CASTRO-MIGUENS received his Electronic Engi-
neering degree from Vigo University, Spain. He is currently
employed as associate professor of the Electronics department
at Vigo University. His primary interests are in power electronics :
(dynamic modeling and control of power converters, design
of magnetic components for power converters) and design of
embedded systems. He can be reached at cmiguens@uvigo.es.

JOSE B. CASTRO-MIGUENS received an Electrical & Elec-
fronic Engineering degree from UPCO University, Madrid, in 2003.
: He is currently employed (since 2003) by the Cesinel Company,
working as design engineer on power electronics, instrumento-
tion engineering, signal processing, and electric power control.

DDR GHz Sockets

Industry’s Smallest Footprint

* Up to 500,000 insertions

¢ Bandwidth to 75 GHz

e 2.5mm per side larger than IC

* Ball Count over 3500, Body Size 2 - 100mm
« ° <25 mQ Contact Resistance throughout life

. ¢ Five different contactor options

 Optional heatsinking to 100W

¢ Six different Lid Options

lronwood
ELECTRONICs 1-800-404-0204

www.ironwoodelectronics.com
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The gains obtained with the calculated values are (theoreti-
cal values are shown in square brackets):

D,D,D, =000 — G,=383631 [38°363]
D,D,D,=001 — G, = 1534532 [153°452]
D,D,D,=010 — G,=613"8139 [613°808]
D,D,D,=100 — G,=2455'3 [24552] &

IDEAS FOR DESIGN WANTED

Send us your Ideas For Design. We'll pay you $150 for every Idea For

Design that we publish. In addition, this year’s top design as selected
by our readers will earn an additional $500, with two runners-up each

receiving $250. You can submit your Ideas For Design via:

® E-mail: roger.engelke@penton.com
OR BY
Postal mail to:
Ideas For Design
Electronic Design
1166 Avenue of the Americas, 10th Floor
New York, NY 10036

Go to www.electronicdesign.com for our submission guidelines.

Gol ogic XL

Logic Analyzer

FAST PROBLEM SOLVER

PC Hosted

Powerful & Versatile

Logic Analyzer
* 4GHz sampling * ScopelLink Mixed Signal
¢ 1 Billion samples Analysis
R * 1 GHz Transitional Sampling
36 or 72 Channels 300MHz State Analysis

N E/ WWW.Nci-usa.com
Phone 256-837-6667
Fax 256-837-5221

Logrc Annafyzers email: contact@nci-usa.com

JTAG Connector Plugs Directly into PCB!!

No Header! No Brainer!

Our patented range of Plug-of-Nails™ spring-pin cables plug directly
into a tiny footprint of pads and locating holes in your PCB, eliminating
the need for a mating header. Save Cost & Space on Every PCB!!
Solutions for: PIC . dsPIC . ARM . MSP430 . Atmel . Generic JTAG . Altera
Xilinx . BDM . C2000 . SPY-BI-WIRE . SP1 / IIC . Altium Mini-HDMI . & More

www.PlugOfNails.com

Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm)
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PCB-PONOL

Beta LAYOUT

PCB Prototypes & Medium Volume

\ Get the best Price & Service
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2\ Flex PCB Prototypes
« Favourable pricing
] » Online calculation

FREE Stencil
with every PCB-POOL®
J prototype order

: or information,
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PCB-POOL® is a registered trademark of Beta LAYOUT GmbH
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New Products

10-bit PCle High-Speed Digitizer Runs at 10 GS/s
THE U5310A10-BIT PCIE HIGH-SPEED DIGITIZER
from Keysight Technologies features two chan-
nels with 10-bit resolution, simultaneous sam-
pling af up to 5 GS/s and 10 GS/s in interleaved
mode. With a dc up to 2.5 GHz bandwidth,

the high speed digitizer provides on-board
realtime averaging at full sampling rate and 4
GB memory. With a high dynamic range and
10-bit resolution across a 2.5 GHz bandwidth,
the digitizer allows the capture of fast fransients
with high fidelity.The ADC card is designed for
embedded OEM applications, such as medi- e,
cal research, analytical time-of-fight (MS-TOF),
environmental monitoring (LIDAR), ultrasonic NDT,

A new low-distortion and low-noise LDNA

front-end amplifier IC drives the
ADC, and a new low-noise-
dedicated QMCK clock IC with very
low 25 fs jitter. This specific IC drives
the two ADCs, minimizing jitter. Also,
the TRAC trigger IC provides time
precision of 15 ps RMS.This key
component provides single-ended
fo differential outputs with a distor-
fion from 10 to 15 dB lower than the

* distortion of the ADC.The U5310A PCle high-speed
digitizer, 2-channel, 10-bit, is available now.
KEYSIGHT TECHNOLOGIES

semiconductor testing, and DSTS.

USB Type-C Reference Design
Jump Starts Development
SILICON LABS' NEW COMPREHENSIVE
REFERENCE DESIGN is focused on
reducing the complexity associated
with developing cables and cable
adapters based on the USB Type-C
specification.The reference design
features ulfra-low-power EFM8 MCUs,
USB PD protocol stacks certified by
the USB-IF and USB Billboard Device

source code. A complete solution for
a USB Type-C to DisplayPort adapter
is provided. Available to qualified
developers at no charge, the refer-
ence design includes schematics,
software libraries and stacks, source
code, code examples, and access fo
Simplicity Studio development tools.
The ulfra-slim USB-C connector
features reversible plug and cable
orientation, enabling developers to

2-8 GHz Signal Generator

Features -40 dBc Harmonics

VAUNIX TECHNOLOGY'S LATEST ADDITION
fo its family of LMS PC-driven signal genero-
fors, the LMS-802DX Lab Brick, has a power-
control range of 80 dB, +10 to -70 dBm.The
8 unit operates in the 2 to 8 GHz frequency

8 range with a resolution of 100 Hz and a 100
microsecond switching time. When set fo
+10 dBm, the compact, one-pound signal generator exhibits typical harmon-
ic performance of -40 dBc.

The Lab Brick offers the same advanced features as are typical of the LMS
family of signal generators including phase-continuous linearfrequency
sweeping, internal/external 10 MHz reference, and optional pulse modula-
fion. Lab Brick signal generators are operated and powered through USB, and
controlled with the included GUI, or through one of the company’s APIs.

The ROHS-compliant units can be used with any PC or laptop with USB 2.0
port (or powered USB hub) and Windows. Lab Brick signal generators are
provided with Lab Brick GUI software, 32 and 64 bit API DLL files, LabVIEW, and
Linux-compatible drivers.The LMS-802DX Lab Brick unit retails at $3,249.
VAUNIXTECHNOLOGY
vaunix.com
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www.keysight.com

design thinner and sleeker products.
USB-C accommodates other interface
specifications through USB Alternate
Modes. For these reasons, USB-C is
poised to become the connector
standard of choice for mobile de-
vices, PCs, docking stations, monitors
and other consumer electronics prod-
ucts, with an estimated two billion
USB-C-enabled devices deployed by
2019, according to IHS.

Silicon Labs’ USB Type-C reference
design deliverables (schematics, PD
stack library, billboard device source
code and sample code) are avail-
able now fo qualified developers at
no charge.

SILICON LABS

www.silabs.com
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COM Express Modules In-
tegrate Celeron with DDR4
SO-DIMM

CONGATEC IS INCREASING the
scalability of its COM Express
modules with two new entry-
level models based on the latest
Infel T4nm microarchitecture.The Infel Celeron processor-based COM
Express Basic and Compact modules combine dual-core CPU perfor-
mance with features such as 4k multiscreen support, high-speed DDR4
RAM with increased bandwidth, and four USB 3.0 ports.

The COM Express Compact module conga-TC170 features the 2 GHz
dual-core Infel Celeron Processor 3955U with a cTDP of 10 W fo 15 W.The
slightly larger conga-TS170 COM Express Basic modules are available with
the Infel Celeron Processor G3900E with 2.4 GHz and 35 W TDR or with the
G3902E featuring 1.6 GHz and 25 W TDP. All modules support up fo 32 GB
of DDR4 dual channel memory.The Intel Gen9 HD Graphics 510 drives up
o three independent displays with 4k @ 60 Hz via DisplayPort 1.2 and DMI
2.0. Hardware-accelerated encode and decode of HEVC, VP8, VP9, and
VDENC video makes it now possible fo stream HD video energy-efficiently
in both directions.The computer modules support the COM Express Type
6 pinout including PCle 3.0, USB 3.0 and 2.0, SATA 3, GbE, and low speed
interfaces.

CONGATEC

www.congatec.com

Limit Switch Available with

Integrated M12 Connector
MICROPRECISION ELECTRONICS IS EXTENDING
the possibilities of its MP700 series of sealed lim-
it switches in order to facilitate the connection
of limit switches as sensing devices to industrial
bus systems.The switches are now available
with an M12 connector integrated directly into
the housing.This option is implemented for 30
and 35 mm housing sizes, which reflects the 20
mm “EN" and 25 mm "US" mounting style.

A five-pin version is used in the MP740/60
metallic cases and a four-pin for the
MP730/750 plastic cases. All cases are IP67
sealed.The electrical rating is adapted to the
power specification of M12 connectors for 4 A
up fo 120 Vac and 3 A for 240 Vac.The MP700
limit switches come with a selection of actua-
for types consisting of pin and roller plungers,
roller levers and others.The electrical switching
module is a positive opening circuit with either
slow- action or snap-action movements.
MICROPRECISION ELECTRONICS
http://www.microprecision.ch/

Higher speeds and power.
Lower electronic temperatures.

Efficient Heat Removal. Greater Reliability. Better Performance.

Higher speeds and more power don't have to mean hotter temperatures.
Thermacore products handle today’s highest heat fluxes and heat loads. With
unsurpassed efficiency in producing low junction temperatures and maintenance-
free lifetime reliability, you get design flexibility to create ideal solutions for

your cooling application: inverters, rectifiers, diodes or AC/DC converters.

AS9100 - I1SO9001 « RoHS . REACH - DDTC/ITAR

1

Visit our Thermacore Design Center at
www.thermacore.com/design and learn
more about how to keep your equipment
really cool at the highest speeds.

™ THERMACORE

Thermal Management Solutions

GO TO ELECTRONICDESIGN.COM
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New Products

Software Tools Support Kinetis and LPC MCUs
VERSION 3.2 OF SOMNIUM'’S DRT C/C++ embedded
software development fools extend DRT's existing support
for NXP Kinetis and other ARM-based MCUs fo include sup-
port for NXP’s LPC microcontrollers and software ecosystem.
DRT is fully source-compatible with industry-standard GNU
(including the latest C11 and C++14 dialects and C++ ex-
ception handling), while boasting better code generation
and enhanced debug/trace features. New features in DRT
3.2 include automatic import and conversion for LPCX-
presso projects, and additional features in DRT's advanced
importer for CodeWarrior development tools to automatical-
ly convert legacy projects built with NXP’'s non-GNU Kinetis
compiler. Advanced debug features include: live memory
view (vital for debugging deeply embedded hard real time
systems); fault diagnosis; trace; and using a small amount
of on-chip RAM allows program frace to be gathered and
viewed in a fully featured debug environment.

The IDE is built on the latest version of the industry
standard Eclipse IDE. It is available on host environments
such as Windows and Linux, with OSX support launching in
Q2 2016.

Low-Power Fanless Desktop Functions as Virtual CPE
LANNER’'S NEXT-GENERATION desktop appliance, the FW-

7526, features Intel Atom C2358/C2518 CPU, Intel QuickAssist

Crypto Acceleration, 4 x RJ-45 GbE, 2 x SFP GbE, LAN bypass,
Intel AES-NI, and up to 16 GB DDR3 memory.The hardware
is driven by Intel Atom C2358 or C2518 CPU (dual-core or
quad-core), suited for entry-level UTM, firewall, VPN, and vir-
fual CPE in small-medi-
um enferprise setffings
due to its low power
consumption and
steady performance.
The platform is accom-
panied by Intel QuickAssist Crypto Acceleration technology
for cryptographic boost. In addition, the processor is built in
with Intel AES-NI.

Functioning as a virtual CPE, the unit comes with four

RJ-45 GbE ports and two SFP GbE ports for network connec-

fions.The device also features one pair of Lanner's Gen2
LAN bypass for network traffic reliability. 1/O options include
a mini-PCle slot with SIM reader, mSATA storage socket,

console, two USB ports, and support for nano-SIM card for

SOMNIUM
http://somniumtech.com/

wireless 3G/4G/LTE networking.
LANNER
www.lannerinc.com

¢¢

Messe Miinchen
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Long-Life Double-Action Switches Offer Small Footprint
THE KXT2 SERIES DOUBLE-ACTION, top-actuated switches from C&K Components feature an ulfra-miniature 3.7 x 3.0 x 1.05
mm footprint, an integrated actuator with 1.2 mm-diameter surface area, and extended 100,000-cyle lifespans. Suited for

use in ulfra-compact electronics such as wearable electronics, mobile phones, hearing aids, portable electronics, action/
surveillance cameras, and personal healthcare monitoring systems, the series also offers two actuation
forces, each with their own distinctive and stable tactile feeling.

The momentary action switches feature a dual-action SPDT-NO contact arrangement,
and G-type SMT terminations designed to take up minimal board space (4.4 x 3.1 mm).
Push-force one features a 100+/-40 gf operating force and 0.1 mm+/-0.05 mm travel, and
push-force two features a 200+/-50 gf operating force and 0.2 mm +0.1/-0.05 mm fravel.
Maximum voltage is 12 Vdc and maximum current is 50 mA. Insulation resistance at 500 Vdc is
100 MQ, contfact resistance is less than 500 mQ, and bounce time for the series is less than 10 ms.

Operating femperature spans -40°C to 85°C.
C&K COMPONENTS

N

www.ck-components.com

Compact 60 V MOSFETs Offer High Efficiency
ALPHA AND OMEGA SEMICONDUCTOR has eight new prod-
ucts in the 60 V MOSFET family. Designed for synchronous
rectification in flyback converters and used in quick chargers
for smartphones and other portable devices, the products
offer three levels of maximum on-resistance at 4.5V gate
drive voltage: 6.5, 8.5, and 13.5 mQ, and they are available in
three package types: SO-8, DFN5x6, and DFN3x3.

The entire 60V product family is optimized for low on-resis-
tance at a lower gate drive voltage. Switching losses are
significantly dependent on the control scheme used in the
charger circuit. AOS's proprietary AlohaSGT process boasts

best-in-class on-resistance with very low parasitic capaci-
tfance, ensuring lower switching loss.The devices are also

tfuned fo keep EMI suppression simpler and more reliable.

All products in the family are available immediately in
production quantities with a lead fime of 12-14 weeks.
Unit prices in 1,000-piece quantities are $0.79 for the
AO4268, $0.58 for AO4262E, $0.48 for AO4264E, $0.79 for
AON6268, $0.60 for AON6262E, $0.48 for AON6264E, $0.58
for AON7262E, and $0.48 for the AON7264E.

ALPHA & OMEGA SEMICONDUCTOR

www.aosmd.com

J

The.World’s Leading Manufacturer of Miniature¥&
High Performance RTC/Modulesiwith embedded Crystal

Applications: Industrial Control, Dashboards, Navigation Systems, Automotive,’POS Terminals, Metering, Data Loggers,
Health Care, Security Systems, White Goods, Digital Still Cameras, Wearables, IOT

Features: World’s Smallest Temperature Compensated RTC, Lowest Current Consumption, High Accuracy, Reliable Ceramic
Package Technology, High Volume Production, Extended Temperature Range up to 125°C,/AEC-Q200 Automotive Qualified

5.0x3.2 mm Package C2

Power
130nA
130nA
250nA
800nA
800nA
350nA

60nA
240nA
190nA

Interface
SPI

I2C

Type Supply Voltage
RV-2123-C2 1t05.5V
RV-8523-C3
RV-8564-C2/C3
RV-3029-C2/C3
RV-3049-C2/C3
RV-4162-C7
NEw RV-1805-C3
New RV-8803-C7

New RV-8063-C7 0.9t05.5V

Micro Crystal AG

y 7 7V
FWiN— |

MICRO CRYSTAL SWITZERLAND

Phone +41 32 655 82 82 Fax +41 32 655 82 83

GO TO ELECTRONICDESIGN.COM

3.7x 2.5 mm Package C3

Time Accuracy
+20ppm @ 25°C
+20ppm @ 25°C
+20ppm @ 25°C
+6ppm @ -40 to +85°C
+6ppm @ —40 to +85°C
+20ppm @ 25°C
+20ppm @ 25°C
+3ppm @ —40 to +85°C
+20ppm @ 25°C

sales@microcrystal.com www.microcrystal.com

3.2x1.5 mm Package C7

Features

Ultra Low Power

Ultra Low Power

Popular Industrial Standard

Temperature Compensated, Ext. Temp. Range
Temperature Compensated, Ext. Temp. Range
Miniature, Popular Standard

X-TREME Low Power

Miniature, High Accuracy, Ultra Low Power
Miniature, Popular Standard

Muehlestrasse 14 CH-2540 Grenchen Switzerland

e ¢ € [+)
A COMPANY OF THE SWATCH GROUP
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DirectConnection

Transient Immunity Testers from AvTECH

The Avtech AVRQ series of high-
voltage, high-speed pulse generators is
ideal for testing the common-mode
transient immunity (CMTI) of next-
generation optocouplers, isolated gate
drivers, and other semiconductors.

+ Kilovolt amplitudes (+1, £1.5, -2 kV)
+ Transition times down to 10 ns,
dV/dt rates up to 120 kV/us

+ Switchable daughterboards to handle
a variety of DUT package styles

+ GPIB, RS-232 ports standard
+ Ethernet / VXI optional

/\ Danger: High Voltage /), @)

LMtatansesanans denes senee
Unstable optocoupler
DUT logic output!

5 Vidiv
+ t T H H 4
-1.5 kV pulse from
500 V/div, | model AVRQ-5-B,
40 ns/div

with f 10 ns fall time.

i

Dlgltal ngh Voltage Metelj

Prices, manuals, datasheets & test results:
http://www.avtechpulse.com/semiconductor

info@avtechpulse.com

- Measures up to 40kVDC
- High accuracy \
-10GQ input impedance \
- CE & ETL Certified |

In stock -

immediate delivery available!

PRODUCTS BY:

D=AN

TECHNOLOGY

www.deantechology.com
HVPSI

e Extremely strong - very high tear resistance
To receive literature & details fast:
Precision Paper Tube

Company

Phone: 847-537-4250

Fax: 847-537-5777

sales@pptube.com

www.pptube.com

More Than 80 Years - The Original

™®DuPont Co.

Kapton™ Insulating Tubing for High Temperature,
High Dielectric Coil Winding & Insulating Parts.

e Self-Extinguishing, flame retardent, does not melt.

e Extremely high dielectric strength - 7,000 VPM

e Extremely wide temperature usage, from -269°C to +400°C.

Thermoform-1000
“Kapton”
Insulating Tubing

5604 on wous w00

Chip Size 0.65mm Pitch BGA
Socket Adapter for DDR4

Ironwood Electronics’ new high
performance  socket - SFS-
BGA200B-52 allows 0.65mm pitch,
11x14.5mm body, 12X22 array
200 ball BGA package to be placed
in socket and operated without
compromising performance in high

INJECTION
MOL

Injection Moldmg
Part Design

DUM M [ES

GET YOUR FREE
BOOK TODAY!

go.protolabs.com/ED6SD

proto labs*

Real Parts. Really Fast.

3D PRINTING | CNC MACHINING | INJECTION MOLDING

speed applications. The Giga-snaP™

BGA socket adapter pair consists of SFS-BGA200B-52,
patented female BGA sockets with BeCu pins assembled
into a substrate that matches the male pin adapter.

Ironwood Electronics, Inc.
1335 Eagandale Court

Eagan, MN 55121

T: 800-404-0204 « F: 952-229-8201

Email: info@ironwoodelectronics.com
Web Site: www.ironwoodelectronics.com

New to Penton
Ad Portal?

https://penton.sendmyad.com

Your new account will
give you access to begin
sending ads to Penton.
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DirectConnection

HIGH PERFORMANCE
SOCKETS & ADAPTERS

Includes 75 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. com

OTTER

COMPUTER INC.

Since 1989

Best Quality ! Best Price

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

Texas Instruments is looking to fill engineering positions working

with semiconductor technologies. We are recruiting @ various
educational and experience levels:

QY
Dallas/Richardson/

Plano, TX

Duluth, GA

Bethlehem, PA

Germantown, MD

Manchester, NH

POSITION

Analog Design Engineer
Analog Design Manager
Applications Engineer
Applications Manager

Digital Design Engineer
Packaging Engineer

Process Development Engineer
Product Engineer

Software Engineer

Systems Engineer

Test Engineer
Validation/Character Engineer

Analog Design Engineer
Analog Design Engineer
Packaging Engineer

Systems Applications Engineer

Software Engineer

Analog Design Engineer

Santa Clara/Sunnyvale, CA Analog Design Engineer

Sugar Land, TX

Tucson, AZ

Digital Design Engineer
Systems Applications Engineer
Test Engineer

Software Engineer

Product Engineer
Systems Engineer

APPLY FOR JOB USING THIS LINK

http://tinyurl.com/kgjueje
http://tinyurl.com/kq7bdda
http://tinyurl.com/m4yea5¢c
http://tinyurl.com/mfors5b
http:/ftinyurl.com/k4vss9c
http://tinyurl.com/I3bfq4k
http:/ftinyurl.com/Ipce20z
http://tinyurl.com/Irk3knz
http://tinyurl.com/gp8takh
http:/ftinyurl.com/phqresr
http://tinyurl.com/qgy7vap
http:/ftinyurl.com/nlyrcqw

http://tinyurl.com/hb7pr33
http://tinyurl.com/gwyy5cq
http://tinyurl.com/jbgjoaq
http:/ftinyurl.com/zeewdoa
http://tinyurl.com/les88be
http://tinyurl.com/mfutut9

http://tinyurl.com/ke86n90
http://tinyurl.com/z9qd2h8
http://tinyurl.com/htovzuw
http://tinyurl.com/Igtcyur

http://tinyurl.com/q7xzjag

http:/ftinyurl.com/gjnihxw
http:/ftinyurl.com/Ipaz7vo

Some positions may require travel.
Please send in resumes using the individual URL code for the position listed. EOE.

WWW.OTTERUSA.COM
Ad Page | Ad Page | Ad Page
Acces I/O Products .......cceeveveeeeeeeeennne. 13 Keysight Technologies - USA...... 1,5,21 Proto Labs, Inc.....cccooevvvviiiiiiiiiieein 7
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Beta-Layout USA.......cccoeoviinininenne 41 Stanford Research Systems.............. IBC
Carlo Gavazzi Automation Master Bond InC.....cccoevvveviieiiieiens 40 _
Components 33 Tadiran ........ccocoeeeveeeeceeeeieeeieeceeeeeees 15
P Cmmmmmmmmmmm——— Memory Protective Devices................... 2
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Coileraft ....ooveeveeieeieeeieeeeeeee e 8 MiCTO Crystal Ag....oooovesereserrsrerre 45
Thermacore IncC. .......ccceevveeeeveerenieenene 43
Dean Technology ............o.ccoccvevvciens R L I NG T 41
Digi-KeY..oovvvverveeeeereeeeeesrnenne FC, IFC Pickering EIECtronics .........oooocerrvoee 11 ZUOZ ..ot 35
For more information on products or services visit our
Ironwood Electronics Inc..................... 40 Pico Electronics Inc. .........cc.cc.ovvevunen. 25 www.electronicd com, menu item Reader
Service. The advertisers index is prepared as an extra
service. Electronic Design does not assume any liability for
IXYS o 30 Precision Technologies, Inc. ................ 34 omissions or errors.

GO TO ELECTRONICDESIGN.COM

a7



http://www.ironwoodelectronics.com
http://tinyurl.com/kgjueje
http://tinyurl.com/kq7bdda
http://tinyurl.com/m4yea5c
http://tinyurl.com/mfors5b
http://tinyurl.com/k4vss9c
http://tinyurl.com/l3bfq4k
http://tinyurl.com/lpce2oz
http://tinyurl.com/lrk3knz
http://tinyurl.com/gp8takh
http://tinyurl.com/phqresr
http://tinyurl.com/qgy7vqp
http://tinyurl.com/nlyrcqw
http://tinyurl.com/hb7pr33
http://tinyurl.com/gwyy5cq
http://tinyurl.com/jbgjoaq
http://tinyurl.com/zeewdoa
http://tinyurl.com/les88be
http://tinyurl.com/mfutut9
http://tinyurl.com/ke86n9o
http://tinyurl.com/z9qd2h8
http://tinyurl.com/htovzuw
http://tinyurl.com/lgtcyur
http://tinyurl.com/q7xzjag
http://tinyurl.com/qjnlhxw
http://tinyurl.com/lpaz7vo
http://www.electronicdesign.com
http://electronicdesign.com
mailto:sales@otterusa.com
http://www.otterusa.com

Lab Bench
BILL WONG | Embedded/Systems/Software Editor

bill. wong@penton.com

Tiny Modules

Target IoT Applications

Small modules have been around for years, but ones featuring wireless support
and built-in sensors have been gaining in popularity among designers for the

Internet of Things.

he Internet of Things (IoT) often
means tiny and mobile, and
that makes designs challenging.
One alternative is to use mod-
ules delivered by vendors like NXP, Digi
International, and Intel. Small modules
have been available for many years, but
ones with wireless support and built-

in sensors have recently become more 1. NXP’s SCM-i.MX 6SX incorporates a 1-GHz
Cortex-A9 and an 227 MHz Cortex-M4 in a 13-
NXP’s SCM-1.MX 6SX (Fig. 1) comes by 13-mm Package on Package (PoP).

popular.

in a 13- by 13-mm Package on Pack-

age (PoP). It includes an . MX 6SoloX apps processor with a
Cortex-A9 and a Cortex-M4, up to 1 Gbytes of LPDDR2
memory, 4 Gbytes of eMMC flash memory, and a PF100
power management device, plus a collection of discrete com-
ponents. The SCM-i.MX 6SX includes a gigabit Ethernet
interface along with display and touch support. The 0.7-mm
diagonal ball pitch array targets low-cost PCB boards. There is
a larger V-Link variant that incorporates NXP’s V-Link inter-

2. Digi International’s 29- by 29-mm CoreConnect i.MX6UL has a
Cortex-A9 with Bluetooth 4.0 and 802.11a/b/g/n Wi-Fi support.

48

face matched to off-the-shelf compo-
nents for wireless support, including
Wi-Fi, NFC, and Bluetooth.

Digi International’s 29-mm by
29-mm CoreConnect i. MX6UL (Fig.
2) has a 528 MHz Cortex-A7 with dual
10/100 Ethernet, Bluetooth 4.0, and
802.11a/b/g/n Wi-Fi support with on-
board antenna. It comes in a 245-pad
LGA (universal) or 76-pad (simple)
castellated-edge VIA form factor. Ver-
sions are available with up to 2 Gbytes
of NAND flash and 1 Gbyte of DDR3 DRAM. It uses NXP’s
PF3000 PMIC. A Cortex-MO0+ handles system management,
and there is a dedicated security controller that works with
Digi’s TrustFence Linux support.

Intel’s Curie module is built around a 32-bit, x86 Quark
(see “How Many Quarks Does It Take To Make An IoT?” on
electronicdesign.com) and an ARC DSP sensor hub. The sys-
tem has 384 Kbytes of flash an 80 Kbytes of SRAM. It also has
Bluetooth LE support along with a 6-axis accelerometer/gyro.

The Curie also has General Vision’s (formally CogniMem)
NeuroMem’s hardware pattern matching technology with 128
neurons (see “Neural Net Chip Enables Recognition For Micros”
on electronicdesign.com). The system allows applications to
classify new patterns and report novelties or anomalies in real-
time. Deep learning is being tackled by high-performance
GPUs (see “GPU Targets Deep Learning Applications” on elec-
tronicdesign.com), but this technology is found in a compact,
low-power module.

Building a platform from scratch may be useful in special
circumstances or for high-volume markets, but these modules
can reduce time to market using the latest technology. They
allow developers to concentrate on the application instead of
packaging and PCB technology. Bl
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10 MHz Rubidium Frequency Standard

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

amplifier, the FS725 is the ultimate laboratory
frequency standard.

FS725 YY) $2695 (U.S. Iist)

Allan Variance vs. Time

10,000

12
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GPS 1 pps

| RESEARCH SYSTEMS
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SRS stanford Research Systems Phone: (408)744-9040

www.thinkSRS.com
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Micropower Surge Stopper

Overvoltage & Overcurrent Protection with Extended Battery Life

Vin
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4
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Vour
27V

The LTC®4380 surge stopper shields downstream circuitry from destructive voltage and current surges. This comprehensive
protection IC provides surge ride-through from transients above 100V in a compact footprint. An accurate output clamp is
pin-selectable for 12V or 24V/28V systems, or can be flexibly adjusted using an input Zener, allowing the use of lower
voltage rated, cost-effective downstream components. With device current consumption of just 8pA in normal operation and
6pA in shutdown mode, always-on battery powered applications benefit from prolonged battery life.

LTC4380 Options V Info & Free Samples

o Withstands Surges Above 100V OPTION | GATE CLAMP | FAULT BEHAVIOR www.linear.com/product/4380
e Low 8pA Ip, 6pA in Shutdown Internal 31.5V/ 1-800-4-LINEAR
~ ] -1 50V to GND Latchoff
* 4V to 72V Operation 0
e Survives —60V Reverse Input | Internal 31.5V/ .
« Adjustable Clamp Voltage 50V to GND utolRElH
e MOSFET Stress Accelerated Timer = - .
Xterna e P D
e Low 0.1% Retry Duty Cycle -3 Adjustabé Latchoff LE  cecanse
e —40°C to 125°C Operation video.linear.com/5674
¢ 10-Pin MSOP & 3mm X 3mm -4 E()j(terrt]atl)lly Auto Retry A7, LT, LTC LTM, Linear Technology and the Linear logo are
DFN PaCkageS USRS All other trademarks a%flllneegfo;rg/ qf?lilel'c;v;gspectivevownerx
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