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Part Search

With a simple search on SiliconExpert's Part Search tool
you can instantly access all the electronic part information
you need in one place. From cross references, parametric,
lifecycle, dimensional & environmental compliance data to
obsolescence forecasts, datasheets, PCNs, and package
information -- our database and web based tool has you
covered. Start your 30 day free trial today.

Promo Code

GETPARTDATA

30 N\Y FREE THIA[

Visit www.siliconexpert.com/edm to start

Research Specs

Product Type

Lifecycle Status
Datasheets with History
Introduction Date
Package Type

Part Markings

Family Name

Full Package Data

Full Manufacturing Data

And a lot more

Find Alternates

Cross References
Part Options

Part Masks
Parametric Search
Cross Type

Compare Parts
Inventory Availability
Link to Distributors
Export to XLS, CSV

And a lot more

Get Compliant

REACH & SVHCs
Compliance Certificates
Material Declarations
Conflict Mineral Docs
EU RoHS

China RoHS

Lead Free Status

WEEE Compliance
ELV/IG-A/)IG-B

And a lot more

Analyze Risk

Obsolescence Forecasts
Market Availability Risk
Years to End of Life
Counterfeit Risk

GIDEP Alerts

Lifecycle Risk

RoHS Risk
Multi-Sourcing Risk
Supply Chain Risk

And a lot more

Grab Documentation

Datasheets

PCNs

Compliance Certificates
Material Declarations
EICC Templates
Package Templates
JEDEC Docs

REACH Certificates
Export to XLS, CSV

And a lot more
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Digh-Key

1.800.344.4539

DIGIKEY.COM

3.6 MILLION PARTS ONLINE | 650+ INDUSTRY-LEADING SUPPLIERS | 100% AUTHORIZED DISTRIBUTOR

CORPORATION

Digi-Key is an authorized distributor for all supplier partners. New products added daily. © 2014 Digi-Key Corporation, 701 Brooks Ave. South, Thief River Falls, MN 56701, USA
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MOBILE.
WORLDCONGRESS
Barcelona | 24 - 27 February 2014

GSmMmA.

Mobile is Innovation. Creating the NEXT connected device that transforms
communication. Advancing the NEXT payment system that alters commerce.
Launching the NEXT must-have app that changes how we interact.

Mobile World Congress is the blueprint for the NEXT big innovation.

Join us in Barcelona where we are Creating What's NEXT.
An Event of

Scan to

I‘ MOBILE
tearn Wiore Visit us at www.MobileWorldCongress.com BARCELONA

WORLD CAPITAL.
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You need 7 prototype PCBs assembled,
all double-sided, all SMTs machine-
placed, all inspected to Class lll, with
parts and boards too,

Sure.

(There’s a cheetah in our logo for a reason.)

Engineers save time and money by turning to us for
their low-volume PCB assembly needs. Working with us
is just like having an assembly expert sitting beside you.
We will work with you throughout the assembly process to
deliver top-quality boards you can trust.

To get a same-day quote with pricing you won't believe,
call 1-800-613-8107 or visit www.aa-pcbassembly.com.

Go Ahead. Test Us.
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SMT Assembly for Engineers =

Call 1-800-613-8107 or visit www.aa-pcbassembly.com
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Complete End-to-End
DC-DC Solutions

International Rectifier's PowlRstage®

R Core Voltage offer.s the most efficient solution for

SuplRBUS multi-phase converters. Our Sup/RBuck®
g’ FPGA product offers flexible solutions for all
2 aR 1/0 Voltage Point-of-Load supply requirements.
% S\I\!ma“cw
]
= Features

SR

piy e Simple design suites for multi-phase

SuplRBUct

and POL solutions

e Simple evaluation using hardware
development tools

— B
Loop 1 e Simple layout using digital power,
X Upto8-ph integrated power stages and
. TOR integrated POL solutions
e
> Loop 2 . |
B Internationa
— Rectifier
THE POWER MANAGEMENT LEADER
‘ for more information call 1.800.981.8699 or visit us at www.irf.com
Fort Worth Convention Center, Texas USA
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DEVELOPMENT TOOLS
MOVE TO THE CLOUD

You can find just about anything in the
cloud these days, including development
tools, but not all of their advantages benefit
developers.

TODAY’'S OSCILLOSCOPES
TACKLE EVOLVING
COMMUNICATIONS STANDARDS

Oscilloscopes have grown beyond basic
time-domain tools and are now available
with many automatic functions to speed and
simplify a wider range of measurements,
with an eye on the growing range of wire-
less specifications.

ANALOG EXPERTS NOTE THE

TREND TOWARD TARGETED APPS
Linear Technology CTO Robert Dobkin and
other executives describe how the company
is handling the industry’s shift away from
general building blocks and to products
designed for specific end uses.

UNDERSTANDING DISTRIBUTED
ANTENNA SYSTEMS

This measure of modulation quality may be
a better predictor of wireless reliability than
BER.
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coverage of the key emerging technologies that engineers need
to design tomorrow’s products today.
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TOP GUNS.

IP&E SOLUTIONS FROM AVNET

Your top flight semiconductor cannot work alone.

You need world-class interconnect, passive and electromechanical components to support
your design. Avnet's legacy in the IP&E business dates back to 1921 and is stronger than
ever today. As a worldwide distributor of IP&E products, we source from the leading global
manufacturers - and you can count on us to provide top quality components to meet your
needs. We are ready to help your products take flight.

What can we do for you? www.avnetexpress.com

—— | IS
e ——— -
Accelerating Your Success!™ —_— A"’ ': 1

1800 332 8638 | www.avnetexpress.com | g & @avnetdesignwire —— electronics murketing
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EVIDENCE AGAINST

NANOTUBES

CONTINUESTO MOUNT

Recent research suggests that carbon nanotubes can enter

human cells and cause cell death.

plogs

PAUL WHYTOCK
ELECTRONIC DESIGN
EUROPE

DON TUITE
ANALOG/POWER

LOUIS FRENZEL
COMMUNICATIONS

BILL WONG

EMBEDDED/SYSTEMS/
SOFTWARE

* Europe’s Chipmakers

Must Face Their 450-
mm Demons

« Keysight: The New

Kid’s Got Some Living
Up To Do

* The History Of Personal

Computers (Part 2)

» Functional Program-

ming Using F# And
JavaScript

join us online EAE1

design.com

THE BEST SMIARTPHONES
AT CES 2014

With brawny processors and sharp displays, today’s
smartphones can do anything, anywhere.

REDISCOVERING NASA

Don’t let NASA’s budget troubles fool you. There’s plenty of
groundbreaking work underway at the space agency.

PASSIVE COVIPONENTS AREN’T
REALLY SO PASSIVE (PART 3):
PCBs

PCB flaws and errors that are usually hidden, or at least disguised,
can introduce passive errors into IC performance.
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Baseband & RF
MIMO & Fading
Rohde & Schwarz SMW 200A  iizeees

Hall 6, booth C40

The new vector signal generator for wideband communications systems
Unique generator with baseband, signal calculation, fading, MIMO, AWGN
and RF generation in a single box. Two paths up to 6 GHz. Full modularity.
Convenient touch operation for confident control of the most complex signals.
In 3G and 4G scenarios as well as in aerospace & defense

1 160 MHz I/Q modulation bandwidth
1 All key MIMO modes, i
1 All key communi
1 Comprehen

1 0

VECTOR SIGNAL GENERAT(IR
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& MEDICAL
Modem Modules

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

WIFI Modules

WiFi 802.11b/g/n g
USB & Serial interfaces

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

BLUETOOTH® Modules

Classic & V4.0 BLE

Serial TTL interface

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

PSTN Modems

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

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

Eth dapte

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

YRadicom

Affordable Modem Technology

www.radi.com

modems@radi.com
408-383-9006 x112
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Gather, organize and control
data like never before.

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

Graphical weh
interface

srnomorc | |25 EQUITY

See a 34972 product Right Instrument. 800-732-3457

overview. Scan or visit: Right Expertise. . .
http://qrs.ly/5i3fkxg Delivered R|ght Now. www. testequIty.com/agl/enl‘

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

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

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

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

800 453 6202 ¢ NATIONAL
" INSTRUMENTS'


http://ni.com/labview-platform

BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

Robots And 3D

Take The International CES
Beyond Big Screens

he 2014 International CES was chock full of 4K Ultra HD televisions, of course, includ-

ing curved, glassless 3D and organic LED (OLED) versions. There were lots of 2-in-1

convertible computers and a plethora of smartphones and tablets as well. Yet a couple of
unique items particularly piqued my interest—the $59.95 Ozobot and Sixense’s MakeVR.

The Ozobot is a tiny, autonomous robot that doubles as an intel-
ligent game piece (Fig. 1). Measuring 2.5 cm, it has five sensorsina V
shape on its bottom that can detect lines. The Ozobot uses these sen-
sors to follow lines and determine their color as it interprets these color
sequences as different commands. A multicolor LED on top displays
the line and color recognition as well as the commands that the Ozobot
rolls over. A micro-USB connector charges the lithium-polymer bat-
tery, which provides 40 minutes of continuous operation.

A single button turns Ozobot on and off. It also calibrates the system.

Y/ 4

Place Ozobot on a surface and its two wheels move it as it looks for a 1. The Ozobot is a tiny, autonomous
line to follow. It works on almost any flat surface including tablets, robot that doubles as an intelligent
where line-oriented games can use one or more Ozobot game pieces. ~ game piece.

The robot can detect ambient light and supports a range of skins.
Developers and hobbyists may have access to the system in the future.
MakeVR is an easy-to-use 3D design system that takes advantage of
two of the company’s STEM System 3D controllers with six degrees of
freedom (6DOF) that utilize Sixense’s magnetic position sensing tech-
nology. MakeVR initially targeted the creation of 3D objects for 3D
printers, but its applications also include architectural walkthroughs =
and manipulating virtual reality (Fig. 2). 2, Sixense’s MakeVR is an easy-to-
The two controllers map to a pair of 3D cursors that can be usedto  use 3D design system that takes
move, rotate, and scale using gestures that are very natural. Buttons on  advantage of two STEM System 3D
the controllers allow quick access to frequent actions such as copying  controllers.
and cutting.
JOIN US ONLINE Most designers start using MakeVR for freeform design building with exist-
Become a fan @ facebook. ing objects, from simple cylinders to complex objects. MakeVR also is capable of
com/ElectronicDesign
precise construction including the use of grids and other alignment mechanisms

u ﬂ as well as numeric scaling. Object definitions can be exported or uploaded to 3D
printing services. &8l

GO TO ELECTRONICDESIGN.COM 13
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Energy Zarr
RICK ZARR | Contributing Technical Expert

ti_rickzarr@list.ti.com

Save Power In Building
Automation Systems

any of today’s modern
building automation sys-
tems depend on wireless L v
connectivity to ease installation and allow
fast modifications or expansion. But in
the process of removing wires, designers
must rely on batteries as a power source,
which affects the total system cost by add-
ing maintenance to periodically replace =
cells. The challenge in these systems is to
build highly efficient power management
schemes that, in addition to saving bat-
tery life, ensure proper operation in life-
safety applications.

INTRODUCTION

According to a 2013 “Markets and Markets” forecast! as well
as other sources, the global building automation market will
grow to almost $50 billion by 2018. This growth is fueled by the
ever-increasing need to make our work and living spaces safer,
more comfortable, and efficient.

The expansion of this market is partly due to the introduc-
tion of wireless sensors, which allow easy installation, expan-
sion, or modification. A large portion of the installation cost is
labor associated with cabling along with rising copper prices.
Wireless automation infrastructures can reduce these costs
dramatically, though they introduce a long-term cost of owner-
ship—without wires, systems must run on batteries.

Battery replacement costs vary, but it can be labor-intensive,
based on the location of the sensor. For instance, the sensor
could be mounted on a 20-foot ceiling or another hard-to-reach
location. In an ideal world, the battery would never be replaced
in the useful life of the sensor. However, that is often unrealistic
due to the aging of cell chemistry or the sensor’s power drain.
For most wireless building automation systems, a five-year cell
life is a minimum, and 10 to 15 years is advantageous.

MITIGATING ENERGY LOSS

Designers can focus on several areas to help extend the peri-
od between battery replacements. The first is to understand the
RF environment where a sensor will be required to operate. In
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Power
management

TPL5000

A nano-power programmable timer implementing a low-power microcontroller-based device
also can satisfy certain standards such as EN50271, which requires a watchdog function to
reset the processor in the event of a low-battery condition to prevent erratic behavior.

most cases, it will be in a network with other sensors. The nodes
can be arranged as a “mesh” network where some sensors are an
end-point or function as repeaters.

This configuration is very energy-efficient due to reduced RF
transmit power, which can be the largest consumer of energy in
the sensor. By lowering the transmit power and allowing rout-
ers to repeat messages, an extremely low-power network can be
formed. This topology often is used in wireless networks based
on IEEE 802.15.4, such as ZigBee or 6LOWPAN.

An issue with mesh networks is synchronization, as seen
with ZigBee. Router nodes must be available at all times. So if a
node originates a message or a message is sent to a node, then
the message is forwarded or stored and forwarded when the
node is available.

For ultra-low-power devices, power is greatly reduced dur-
ing a “sleep” cycle where most of the device is powered down,
including the RF receiver. In this scenario, the router nodes
must be powered (for example, ac power) to monitor for mes-
sages from the sleeping nodes when they are awake. Here,
power consumption is highly asymmetrical. Sensor nodes are
extremely low-power and sleep for long periods, and router
nodes (which also could be sensors) are powered continuously
and have their receivers active.

A complete ultra-low-power network without routers that
are line-powered requires very precise timing, which can lead
to increased cost and complexity in each node. The entire net-
work wakes within a tight window, communicates, and then
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sleeps again. The longer the duration between cycles, the tighter
the timing requirements. If a node loses synchronization with
the network, then it needs to stay awake until the next waking
cycle to resynchronize—something to be avoided in a battery-

powered network.

In most practical wireless networks, the router is powered
continuously from some constant source such as line power

or more likely power over Ethernet
(PoE). In this case, the nodes have the
burden of being as efficient as possible
with their battery power. Typically a
microcontroller powers down the radio
and anything non-essential. In the case
of a sensor, all of the analog front-end
(AFE) electronics are powered down as
well. Then the microcontroller enters a
low-power mode using a timer to peri-
odically wake up, power up the system,
send any appropriate messages, and then
reenter sleep mode.

The duty cycle of these sleep and
wake cycles determines the power that’s
consumed. The equation shows the
power calculation for estimating battery
life based on the sleep and wake power

consumption:
Ve + V,
E (u) e eff
T——A _ 2
P D(Py,) + (1 — D)(P)

Run time (T) in hours is based on
duty-cycled power states. It is calculated
as the ratio of available energy (EA) in
watt-hours to the power consumed (P)
in watts. This can be further expanded.

Capacity (C) is in amp-hours (Ah),
Vs and Vi are the starting and ending
voltages respectively during discharge,
Py and Pg are power consumed in watts
during wake and sleep cycles respec-
tively, and D is the duty cycle (0 to 1)
of the waking period. A de-rating fac-
tor (a) is used to adjust the battery for
aloss in capacity in applications with
an extended service life (greater than
five years). The efficiency (eff) of the
power converter stage is also taken into
account since it degrades performance.
Typical efficiencies range between 80%
(eff = 0.8) to 95% (eff = 0.95).

Part of this design is selecting a power
source that will last 10 to 20 years with-
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out significant degradation and a power converter (for example,
switching regulator) that is extremely efficient at low power.
The first problem can be addressed by a battery chemistry of
lithium thionyl chloride (Li/SOCI,). This chemistry has been
around since the 1970s and has an extremely long service life
(10 to over 25 years). Li/SOCI, has been used successfully in
remote meters and other battery-powered wireless systems.
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Energy Zarr

Cells have a typical voltage of 3.6 V and exhibit an excellent
operating temperature range (-55°C to 125°C).

When using a single lithium-based cell, a sensor-node design
may boost the 3.0- to 3.6-V output to 5.0 V or use a buck-boost
converter like the TPS63001, which has a fixed output of 3.3 V
and can deliver up to 800 mA in all conditions (buck or boost).
This is key during the active state since RF transmitters may

require significant instantaneous current. More importantly, the
converter is mostly unloaded during the sleep cycle and must
be able to automatically enter a pulse frequency mode (PFM) or
some other pulse-skipping technique to conserve power.
Another source of energy loss is keeping the microcontroller
active during the sleep cycle, even in low-power mode. Ata
minimum, a timer must be running with the main core shut
down to conserve energy, but even this
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configuration may draw several micro-
amps. Even state-of-the-art, low-power
microcontrollers such as the MSP430
hover around 0.3 pA of current while in
standby mode.

One novel solution is to use timer
devices specifically designed for long
sleep periods. The TPL5000 from Texas
Instruments has programmable dividers
to provide wakeup pulses with periods
Mot f up to 64 seconds. It also has an extreme-

TR ly low power consumption of only 30
nA while running. With extremely long
sleep cycles, this can add as much as two
years to the service life of a battery-pow-
ered wireless sensor (see the figure).

CONCLUSION

With the proliferation of battery-
powered wireless networks, installers
and owners are looking for longer bat-
tery life—some with requirements for
never replacing the battery during the
entire network life (25 years or longer).
Battery chemistries such as Li/SOCI,,
high-efficiency PFM converters, and
novel nano-power long-period timers
consume extremely low power during
device sleep cycles, resulting in wireless
building automation systems that rival
their wired counterparts. &l

Reference

Building Automation & Controls Market (2013 —
2018): By Product (Lighting, Security & Access,
HVAC, Entertainment, Outdoor, Elevator Controls,
Building Management Systems (BMS)), Application
& Geography (Americas, Europe, APAC, And ROW),
marketsandmarkets.com, February 2013, Report
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Rescue Robots

Melion, M
C

e |\
i,

N

o
‘-ﬁf;

Tartan Rescue, the team hailing from Carnegie Mellon University, put its robot CHIMP
through its paces connecting a fire hose to a wall spigot, among other tasks, as it took

third place overall in the event.
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s disasters and other emergencies get
ore dangerous, first responders are
robotic solutions that can save lives

without putting personnel in danger. In an effort
to encourage innovation, the Defense Advanced
Research Projects Agency (DARPA) invited
teams from academia and the industry alike to
participate in its DARPA Robotics Challenge
(DRC) Trials.

SOLAR CAR CRUISES INTO
INTERNATIONAL CES

FORD’S C-MAX SOLAR Energi debuted at
January’s International CES. The concept
car’s 1.5-m? solar panel works with a can-
opy outfitted with a Fresnel lens that tracks
the sun during the day, improving sunlight
collection by a factor of eight, to draw an
8-kW charge. According to Ford, the sun
could power up to 75% of all trips made by
an average driver in a solar hybrid vehicle.®
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Held in December at the Homestead
Speedway in Homestead, Fla., the com-
petition simulated what robots might
have to do to safely enter and effectively
work inside a disaster zone while their
operators stay out of harm’s way. Sixteen
teams participated in the event, which

consisted of eight tasks including walk-
ing across rough terrain, opening doors,
locating and closing leaking valves, and
even driving and exiting a vehicle.

“At the start of the event, I said that
I would be thrilled if even one team
scored half the points available,” said
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have the time to master every aspect of electronic design.
As a leading manufacturer of power supplies we are here to
collaborate with you to ensure your next project is a success.
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Dc-Dc
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www.cui.com/PowerExpert

Gill Pratt, DARPA program manager
for the DRC. “The event exceeded my
expectations multiple, multiple times
over, with the top teams each scoring
half or more”
After two days of competition,
DARPA chose eight teams to receive up
to $1 million in funding to continue
their work. SCHAFT Inc. of Tokyo
took first place, followed by IHMC
Robotics, Tartan Rescue of Carn-
egie Mellon University, Team MIT,
RoboSimian of the NASA Jet Propul-
sion Laboratory, TRACLabs Inc., the
WPI Robotics Engineering C-Squad
of Worcester Polytechnic Institute, and
Team Trooper of Lockheed Martin
Advanced Technology Laboratories.
“The DRC Trials demonstrated the
difficulty of having robots conduct
seemingly simple tasks in real-world
situations, and the participation of the
first-responder community provided an
important illustration of how technol-
ogy can save lives,” said Brad Tousley,
director of DARPAS Tactical Technol-
ogy Office. “This event was yet another
example why challenges work to attract
new ideas and help quickly advance
technology to solve a focused need”
The teams now will prepare for the
DRC Finals sometime in the next 12
to 18 months. The Finals will be an
opportunity for the 16 teams to con-
tinue their efforts next to new teams to
vie for the DRC’s $2 million prize. And
already, Pratt has identified three ini-
tial goals for the next competition.
“First, wed like the robots to be
more stable so they don’t fall, and if
they do fall, be more robust so they
won't break,” he said. “Second, have
the robots work without their tethers
by using wireless communication and
more efficient, self-contained power
systems. Finally, wed like the robots
to use more task-level autonomy in
unstructured environments such as
those found in real disasters” W
ELECTRONIC DESIGN STAFF
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bill. wong@penton.com

Sixense’s MakeVR can be
used to design 3D figures
like this with users collabo-
rating on the design in real
time via the cloud
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Move To
The Cloud

biquitous high-speed
Internet access has radi-
cally increased the number
of cloud-based apps avail-
able for smartphones, tablets, and PCs. Most of these apps are
relatively simple compared to development tools, but tools
have migrated to the cloud too. This approach offers many
advantages and disadvantages for developers and vendors
alike, ranging in importance from insignificant to essential.

For developers, setup and software updates are automatic.
The interface often is browser-based, allowing the application to
work on almost any platform. The interface also is amenable to
mobile users. Developers who must maintain multiple versions
of an application will appreciate having multiple tool versions
available to them, assuming the vendor provides this capability.

Software distribution also often is part of a vendor’s service,
especially for app development tools. This support frequently
includes billing services in addition to customization for dif-
ferent targets.

Performance can be enhanced when using cloud-based
solutions since vendors generally can provide more powerful
support clusters that can speed compiles and other chores. The
downside is that active users share these clusters, so support
may depend on the number of users and what kinds of opera-
tions they are working on at the time.

GO TO ELECTRONICDESIGN.COM

You can find just about anything in the cloud these
days, including development tools, but not all of their
advantages benefit developers.

For vendors, there can be a significant reduction in sup-
port calls, especially those relating to setup and upgrades of
software or tools. Calls that require a support technician to
examine the state of the tool are now easier since the techni-
cian can access a user’s tool, data, and screen. The technician
can provide immediate feedback to users.

Support personnel also can provide users with more sophis-
ticated collaboration tools. Collaboration features have been
added to many standalone platforms, but implementing and
managing them can be difficult when users have to configure
and manage them.

Vendors benefit from regular access to users as well. They
can track the kinds of operations that are being performed and
track what versions of their tools are being used. New goods and
services can be advertised, especially when “free” services are
provided. Users will need to read any contracts closely to deter-
mine whether vendors are using their “data” for other purposes.

Another issue for vendors that can be very important is
protection of intellectual property (IP)—not their users’ IP,
but the IP within their tools. Competitors can utilize the tools
and see how they operate, but they would not have access to
the code to reverse engineer the tools.

There are disadvantages, though. In general, an Internet
connection is required. Some applications can operate offline,
but typically with more limited functionality. Data also must be
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local, making usage impractical on many platforms like smart-
phones and tablets.

For developers, posting work on the Web may violate com-
pany or project security requirements. Vendor lock-in is sig-
nificantly easier to force using Web-based tools since the user
cannot use the tools without Internet access.

Uptime also can be an issue. The inability to access a cloud-
based service can be caused by problems on the user’s device,
the connection via the Internet, or the vendor’s cloud service.
Debugging this kind of problem can range from simple to com-
plex depending on the diagnostic tools and the type of problem.

As noted, vendors may provide access to multiple versions
of tools and runtime libraries. But this can be an issue if they
do not guarantee configurations that can be locked down on a
per-user basis. This can be important for users who maintain
their applications.

Long-term support also can be an issue since the ability to
generate and support an application could be lost if a vendor’s
status changes or the user stops buying a subscription to use
the tools. Free online services are vendor-dependent as well,
and a shutdown likely will eliminate access to user data.

For vendors, maintaining a service can be a challenge, espe-
cially for a large user base that may be using many versions of
their applications. Vendors often buy cloud-based platform
services to deploy their offerings. This minimizes their infra-
structure costs, but there can be issues related to the scaling and
reliability of those services.

Vendors usually provide standalone, thick-client, thin-
client, or browser-based applications. The standalone appli-
cations encompass development tools such as the typical
integrated development environment (IDE). Each of these
delivery mechanisms has advantages and disadvantages,
such as the ability to use a range of local resources. Graphics-
oriented applications generally need access to hardware accel-
eration. Browser-based solutions benefit from HTML5 and
WebGL, which provide access to 3D hardware acceleration.

STANDARD NETWORK-BASED TOOLS
Developers are already familiar with network-based col-
laborative tools that are easily hosted in the cloud, including
applications like source code revision management, bug
tracking, and help forums. Most IDEs like Eclipse,
Microsoft’s Visual Studio, Apple’s Xcode, and
Oracle’s NetBeans support one or more 3
third-party platforms for these types
of applications, often via the plug-
in mechanism that each supports.
For example, there are many source
code management tools including the
open source Concurrent Version System
(CVS), Git, and Subversion. There are vendor-
specific solutions as well, often integrated with
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environment supports
NXP’s mbed LPC1768.

application lifecycle management (ALM) tools like Microsoft’s
Visual Studio Team Foundation Server, now known as Visual
Studio Online. Visual Studio Online is integrated with popular
third-party IDEs like Eclipse and Xcode.

Source code management is just the tip of the iceberg when
it comes to collaboration. Integration with bug tracking, code
coverage, and other tools can be found in many solutions such
as Microsoft’s latest version of Visual Studio. The Code Lens
support adds an extra line above portions of a code listing
such as the start of a function definition. This heads-up type
of display includes details like the number of code references,
the number of bugs, and the number of code reviews. It even
hooks into Microsoft’s Lync messaging support, making it
easy to contact people working on those details.

Platforms like Visual Studio are examples of standalone
solutions that have been augmented with cloud-based sup-
port. The server services can be hosted locally, or users can
take advantage of Internet-based services.

DEVELOPING EMBEDDED SOFTWARE IN THE CLOUD

The free, online mbed development platform targets Arm
microcontrollers. It started with the mbed LPC1768 module
from NXP, but it has expanded to include a range of modules
including Freescale’s latest Freedom FRDM-KL46Z (Fig. 1).

A lightweight, browser-based IDE is used to edit projects
that are hosted on the website (Fig. 2). The mbed C/C++
compiler and linker are mbed cloud services. The source code
is also on the site, so the compiler can take advantage of the
cloud host, which may be more powerful than the average
developer PC. The binary is downloaded to a target where the
application then can be debugged locally.

The mbed SDK (software development kit) includes a num-
ber of runtime libraries that provide access to the standard
peripherals available on the target platforms. The SDK also
includes a real-time operating system (RTOS).

The mbed approach may be unique since it targets a range of
third-party hardware. Arm, NXP, and other sponsors essential-
ly provide support for the site designed to generate applications
that will utilize Arm platforms. The SDK suits use with other
IDEs, although applications can be developed
solely using the mbed environment.

The mbed site provides easy startup and
management of embedded applications

for Arm microcontrollers. But this
provides convenience as the compiler
computational requirements for most
projects are relatively small compared to
some compute-heavy chores.

Plunify addresses FPGA design sup-
port. FPGA development encompasses
computationally heavy work like layout
and verification. Large, complex FPGA

1. The online

mbed development
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designs can take days to process for a single configuration.
Optimizing the designs frequently takes multiple iterations.

The cloud approach provides access to cloud-based com-
putational services that are often built on platform services
from cloud computation and storage providers like Amazon
and Verizon. These computational services are provided on
demand and can be run at off-peak times to reduce costs or
increase computing resources.

The challenge with this approach for an individual user
is the complexity of setting up this type of support and then
using and managing it. Companies like Plunify have done
all this work and provide the services with an easy-to-use
interface and simplified billing that takes advantage of the on-
demand cloud support.

Just about any development tool that requires sophisticated
setup or large amounts of computing power is a target for
cloud-style development delivery. These days, system-on-chip
(SoC) design includes extensive simulation that could be done
in the cloud. As with FPGA development, a designer usually
needs these services for a fraction of the development cycle, so
investing in a lot of hardware to address the peak needs can be
more expensive than using cloud-based services.

For software development, testing is ripe for cloud support.
Regression testing can be time consuming, and having large
amounts of storage and compute power on tap is what the
cloud is best at. Many tools can already take advantage of local
shared clusters, and utilizing the cloud is a natural progression.

COLLABORATING IN THE CLOUD

Integrating collaboration tools like instant messaging and
shared whiteboards is common with communication services
like Skype or Microsoft’s Lync. Real-time collaboration has
significant advantages in a range of development applications
including chores such as code reviews and mechanical design.

MakeVR is a 3D mechanical modeling tool that utilizes a
pair of Sixense’s magnetic-based STEM controllers (Fig. 3).
Each user has an individual viewpoint that can be changed
independently. Users also can manipulate the environment
simultaneously. MakeVR is a PC-based tool with cloud con-
nections. The application must be running on all hosts.

SpaceClaim Engineer 2014 is another 3D modeling tool that
provides real-time collaboration (Fig. 4). Its browser-based
Connect feature allows access from any suitable Web browser.
3D applications like this tend to have more hardware integra-
tion and performance requirements than simply displaying
text or an image. This is comparable to flash-type requirements
for displaying streaming media. Of course, HTML5 standards
and higher-performance mobile devices make this more prac-
tical for a wider range of devices.

Still, the heavy lifting is handled in the cloud where more
performance power is available. The approach is already used
for cloud-based voice recognition like Apple’s Siri. Latency
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and bandwidth tend to be the challenge with these types of
applications, but this is also an area where massive multiplayer
online (MMO) gaming operates with quite a bit of success.

PCB DESIGN IN THE CLOUD

Companies like ExpressPCB and Sunstone Circuits can deliv-
er custom printed-circuit boards (PCBs) quickly. They provide
free PCB design tools, or developers can create PCB designs
using third-party tools like Altium Designer, Cadence Allegro
PCB Designer, and Mentor Graphics Xpedition xPCB Layout.

Boards normally are uploaded and ordered using standards-
based file formats and a Web browser. More of this process is
being integrated into the design tools, simplifying the process
and reducing errors. Sunstone Circuits’ PCB123 provides this
type of functionality.

Gumstix’s Geppetto moves the design tool to the cloud.

The browser-based interface provides drag-and-drop layout
of carrier boards designed to hold Gumstix processor mod-
ules. The components are laid out in a CAD fashion without
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2. The mbed IDE is a lightweight, browser-based solution. Projects
are hosted on mbed.org.

3. Sixense’s MakeVR 3D CAD design tool allows remote collaboration.

Each user has a pair of 3D cursors to manipulate the virtual world.
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Geppetto designs are typically for prototypes
and small to midrange production numbers.

SPACECLAIM
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Gumstix has also made it easier to share open
@ | source hardware designs via Kickstarter. As with
most PCB quickturn services, the cost per board
goes down as the volume increases. The Kick-
starter approach allows the initial number of
| boards to be based on demand, usually with a
threshold for a target cost.

A CHANGING APPROACH
Standalone development tools will continue

ey e | oy o

to be preferred by many developers, but cloud-

4. SpaceClaim Engineer 2014 provides 3D CAD collaboration using a Web browser.

concern for interconnect routing. Designers only need to
create logical connections between components. The design
tool handles dependencies, so a board design is only complete
when all required connections have been made.

The end deliverable is a completely populated board that
then can be ordered in any quantity. There are initial startup
costs in addition to a per-board cost, but they tend to be sig-
nificantly lower than a custom design. The designs can even
be shared on the Gumstix site.

based solutions are on the rise. Many solutions
are exclusively cloud-based, especially those
from new vendors. Vendors with established products need
to keep their current customers happy even while they begin
offering integrated cloud-based support.

Customers must determine what types of tools they will
need and where they can afford to have their data and designs
processed and stored. As companies get leaner, many functions
have moved to the cloud or third-party services. Development
is no different. In the end, it will be a tradeoff between the
available tools and the customer’s requirements. &%l
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* 24-bit / 192 kHz digital audio = in audio sig ysi

: 3 Standard measurements include Level,
* <600 ps residual "”er THD + N, Harmonic Distortion, IMD, FFT,
Frequency Response, Multi-Tone, Crosstalk,
Histogram, Jitter Amplitude & Spectrum,
and more. Hardware options include a digital
audio carrier digitizer with full-color eye

5 diagrams and carrier spectra, multi-channel
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system clock.

® Cross-domain analysis
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TODAY'S OSC

Tackle Evolving Commu

Oscilloscopes have grown beyond basic time-domain tools and are now available with
many automatic functions to speed and simplify a wider range of measurements, with an

eye on the growing range of wireless specifications.

scilloscopes come in many shapes and sizes,

with functionality ranging from simple signal

capture to complex time-domain signal analy-

sis. Recently, oscilloscope manufacturers have
heeded user requests by enhancing the automated capabilities
of their instruments so operators can achieve faster, more
accurate measurements for increased productivity. In many
cases, these automated measurements address high-speed
serial communications parameters, with the aid of add-on
personal-computer (PC) software.

But as modern oscilloscopes incorporate more capabilities,
such as built-in logic analyzers and waveform generators,
operators are exploring parameter measurements for commu-
nications-standards-based equipment, including Wi-Fi wire-
less local-area networks (WLANs) and Long-Term Evolution
(LTE) cellular communications components. In many cases,
newer oscilloscopes offer real values in terms of performance
and measurement capabilities.

NOW AVAILABLE

The range of oscilloscopes on the market is quite wide, in
performance and price. Typically, an oscilloscope is specified
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according to the measurement requirements of a device under
test (DUT). Quite simply, an oscilloscope displays voltage as a
function of time, and it can do so for any type of signal it can
process. By knowing the bounds of a DUT’s electromagnetic
(EM) parameters, it is usually possible to find an oscilloscope
to show the DUT’s EM performance. Most oscilloscope speci-
fiers start with a handful of performance specifications for
comparison, including bandwidth and sampling rate.

For high-frequency signals or signals with fast rise times,
bandwidth is critical for analysis. An oscilloscope’s bandwidth
indicates the frequency range across which it can make accu-
rate measurements and across which signals are attenuated by
no less than 3 dB in amplitude. Different components offer
different guidance on seeking bandwidth for an oscilloscope,
such as the “three-times rule” or the “five-times rule”

For the latter, the bandwidth of the oscilloscope should be
five times the highest-frequency component of a DUT’s signal
of interest. The former rule refers to using the third-harmonic
component of a DUT’s signal of interest to set the bandwidth
requirement for an oscilloscope. Similarly, the faster an oscil-
loscopess rise time, the more accurate will be its measurement
and display of a DUT’s signal rise time.
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Bandwidth is associated with price, with greater oscillo-
scope bandwidths translating into higher prices, so most
specifiers are careful about the instrument and amount of
bandwidth that they select. While the upper-frequency limit
of an oscilloscope does determine price, the lower-frequen-
cy limit is also worth noting since it can affect the instru-
ment’s effectiveness for some measurements. Some measure-
ments, such as electromagnetic-interference (EMI) testing,
require a measurement range that extends well into the audio-
frequency range or even with dc measurement capability.

In contrast, sampling rate, which defines digital oscillo-
scope performance, has become more affordable so even

[ OSCO

lower-costing oscilloscopes are now available with impres-
sive digital sampling circuitry with typical gigabit/s sampling
rates. Sampling rate is often tied to bandwidth (with some
company guidelines calling for a sampling rate that is at least
2.5 times the bandwidth). However, some lower-bandwidth
instruments also feature impressively high sampling rates and
the corresponding ability to capture rapidly changing signal
events and features. As sampling rate increases, the amount
of memory required to store the data increases, with demand
increased by the number of oscilloscope channels as well.

In sorting through oscilloscopes, it is important to recog-
nize the many types now in use and how they differ. Although
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1. Agilent’s Infiniium 4000 X-Series 4154A model oscilloscope includes four other handy instruments.
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a vanishing breed, analog oscillo-
scopes are still used, based on ana-
log input and signal-processing
electronics and usually a CRT dis-
play screen to show measured sig-
nals. More common are the many
types of digital oscilloscopes,
which can be used to analyze ana-
log and digital signals.

A digital storage oscilloscope
(DSO) transforms analog input
signals on a test channel to digi-
tal form by means of a high-
speed analog-to-digital converter
(ADC). By means of a microprocessor and digital signal pro-
cessing (DSP), the waveform data is sent to the oscilloscope’s
display screen, often an LCD, for viewing.

Software within an oscilloscope enables automatic compu-
tation of key waveform parameters, such as rise time, fall time,
amplitude, and pulse width. At one time, these instruments
relied on the memory within a data converter or micropro-
cessor to store captured waveform data. Ready availability of
high-speed memory, though, makes it possible to store and
process more data and greater amounts of waveform informa-
tion per channel in a DSO.

Digital oscilloscopes are available based on different trig-
gering methods. For example, a digital sampling oscilloscope
can measure a waveform once per trigger, such as a point on
the rise time of a pulse, when working in single-shot (or real
time) mode. It also can operate in repetitive sampling modes,
using multiple samples to capture different portions of a high-
speed or high-frequency waveform and then assembling an
image of the waveform on the oscilloscope’s display screen.

In this repetitive sampling mode, the performance and
response of a digital sampling oscilloscope greatly depends
upon the frequency response of the sampler used in the oscil-
loscope, but such an oscilloscope is effective at analyzing
repetitive high-speed, high-frequency signals that are higher
than the sampling rate of the oscilloscope.

A mixed-signal oscilloscope (MSO) combines a number of
analog input channels with usually a greater number of digital
input channels, providing synchronized measurements of
the multiple inputs using a single time base and showing test
results on a single display. While they may lack the large num-
ber of analysis channels of a dedicated logic analyzer, MSOs
can provide great insight with a combination of oscilloscopes
and logic analyzers.

WLAN testing.

A mixed-domain oscilloscope (MDO) provides measure-
ment capabilities in both the time and frequency domains.
Some oscilloscope manufacturers have integrated basic
spectrum-analysis functions within their digital oscilloscopes
to allow displays of both voltage versus time and signal ampli-
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the Tektronix MDO4000B series instruments are ideal for

tude versus frequency—in essence,
creating a miniature automated test
system within the housing of the
oscilloscope. Although the band-
width of the spectrum analyzer is
typically limited compared to that of
the digital oscilloscope, the addition-
al functionality can be quite useful
when examining such signal charac-
teristics as phase noise and stability.

2. By combining oscilloscopes with spectrum analyzers,

TRENDS IN SCOPES

This incorporation of multiple mea-
surement tools within an oscilloscope,
in both benchtop and portable versions, represents a growing
and positive trend for oscilloscope users. The multiple measure-
ment channels can be triggered in synchronization, without the
need to fine-tune complex external clock arrangements.

An example can be found in the InfiniiVision 4000X series
of oscilloscopes from Agilent Technologies, with bandwidths
as wide as 1.5 GHz and sampling rates to 5 Gsamples/s for the
analog channels (somewhat less for digital inputs). The Infinii-
Vision MSO-X 4154A packs a multiple-channel oscilloscope, a
logic analyzer, a three-digital digital voltmeter (DVM), a dual-
channel function-generator/arbitrary waveform generator
(AWG), and a serial protocol analyzer into the enclosure once
used for just an oscilloscope (Fig. 1).

All five functions, including the oscilloscope and its band-
width, can be upgraded for changing measurement require-
ments. To assist in creating waveforms with the 20-MHz
AWG, the firm offers a free copy of the BenchLink Waveform
Builder Basic software on its website (at www.agilent.com/
find/33503). With its two channels, the AWG can produce
modulated and differential signals.

As with other members of the InfiniiVision 4000X series,
the MSO-X 4154A shows captured signals on a 12.1-in. capac-
itive touchscreen, updating the display at rates to 1 million
waveforms/s. The display screen even helps with triggering on
portions of a waveform—by drawing borders around a por-
tion of interest on a displayed signal, that part of the signal will
be triggered for future measurements.

The screen provides 8-bit standard vertical resolution and
a high-resolution display mode with 12-bit effective vertical
resolution. For those not enamored of the touchscreen, its
functionality can be shut off and the MSO-X 4154A can oper-
ate like a traditional display screen with the push of a button.

Agilent, with a portfolio of oscilloscopes ranging from 20
MHz to 90 GHz, is offering a discount for customers seeking
additional bandwidth from its 1000A, 1000B, 2000X, 3000X,
or 4000X series oscilloscopes, as part of the “Supercharge
Your Oscilloscope Bandwidth” promotion (through March
31). Oscilloscope customers can choose a model with a higher
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bandwidth than they would normally afford, paying the price
of the selected model to the next lower bandwidth with the
same family and with the same number of channels.

Tektronix made noise several years ago by adding
spectrum-analysis measurement capabilities to its MDO4000B
series of MDOs, capabilities that it recently enhanced further
late last year (Fig. 2). The multiple-function capabilities of the
MDO4000B instruments transform them into hybrid mea-
surement systems capable of performing time- and frequency-
domain measurements.

When equipped with the Live Link option and the compa-
ny’s SignalVu-PC vector-signal-analysis (VSA) software, the
hardware and software can provide the analysis functions of
an RF/microwave VSA. Options for the software enable analy-
sis of IEEE 802.11 a/b/g/j/n/p/ac Wi-Fi signal quality, pulse
quality for radar systems, general-purpose digital modulation,
amplitude modulation (AM), frequency modulation (FM),
and pulse modulation (PM) quality.

Tektronix reports that the oscilloscope series has gained in
popularity as engineers face a growing number of commu-
nications interfaces with integrated RF/microwave circuitry,
including Wi-Fi, ZigBee, and radio-frequency identification
(RFID). According to Fanny Mlinarsky, president and CTO of
wireless test services provider octoScope, “The MDO4000B
with SignalVu-PC delivers the right capabilities at the right
price point to enable embedded and WLAN module designers
to rapidly debug systems without a steep learning curve”

The enhancements to the spectrum-analysis capabilities
include spurious-free dynamic range (SFDR) of -60 dBc
guaranteed and typically -65 dBc (an improvement from lev-
els of =55 and —60 dBc in earlier models) and an improvement
of as much as 20 dB in spectrum-analyzer phase-noise per-
formance for greater confidence in evaluating spurious and
low-level signals. In addition, the integral spectrum analyzer’s
lower-frequency limit has dropped to 9 kHz (formerly 50
kHz) for improved EMI diagnostics while the maximum RF/
microwave acquisition time has essentially doubled, increas-
ing from 79 ms to a current capacity
of 158 ms.

These improved spectrum-
analysis capabilities, when used
with the SignalVu-PC software, sup-
port advanced modulation analy-
sis of wireless standards such as
the various configurations of IEEE
802.11. In addition to characterizing
WLAN:S, the software/oscilloscope
combination is a powerful tool for
testing wideband radar systems, fre-
quency-agile communications sys-
tems, and satellite-communications

(satcom) equipment. ARINC 429 avionics buses.
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3. The right software equips Agilent’s 4000 X-Series
oscilloscopes for testing the MIL-STD 1553 and

An important feature in newer oscilloscopes, such as the
MDO4000B line, is signal integrity (SI) testing, since SI more
and more is being used to characterize the quality of modern
communications systems. SI can be degraded by analog and
digital causes, including crosstalk from signal traces in close
proximity, ground bounce, signal reflections, jitter, and circuit
layout problems.

Oscilloscopes with sufficient bandwidth and eye diagram
capability can help spot SI problems, since such diagrams can
reveal serial data and logic transitions in a single view. The
number of high-performance oscilloscopes that include eye
diagrams and, ideally, simplify matters with one-button eye-
diagram measurements is growing.

In terms of future developments, Tektronix announced last
year that it would base its next line of high-performance real-
time oscilloscopes on silicon-germanium (SiGe) semiconduc-
tors from IBM. Using that firm’s 9HP SiGe process, which
yields devices at transition frequencies to 350 GHz, Tektronix
expects to achieve instruments with real-time bandwidths to
70 GHz in support of high-speed data communications.

“The advanced 9HP SiGe BiCMOS technology provides the
faster switching speeds, high integration levels, and low noise
our next generation of performance instrumentation requires
to meet customer requirements,” said Kevin Ilcisin, chief tech-
nology officer (CTO) of Tektronix. The next-generation oscil-
loscopes will also leverage asynchronous-time-interleaving
technology for improved signal-to-noise performance.

As part of the company’s efforts to enhance instrument
performance, the R&S RTO series oscilloscopes from Rohde
& Schwarz include a unit with measurement bandwidth
to 4 GHz, the R&S RTO1044. With sampling rates of 10
Gsamples/s for four-channel operation and 20 Gsamples/s for
two-channel use, it provides 8-bit vertical resolution and as
many as 600,000 waveforms/s with 100-ps rise/fall time reso-
lution. It shows results on a 10.4-in. liquid-crystal thin-film
transistor (TFT) color display with touchscreen functionality.

As with the other digital oscilloscopes in the RTO series, the
R&S RTO1044 offers full math func-
tions and full fast Fourier transform
(FFT) spectrum analysis per user-
defined parameters, such as center
frequency and Gaussian bandwidth.
As with many newer high-resolution
digital oscilloscopes, it can work with
PC-based software to provide auto-
mated measurements per high-speed
serial communications standards and
even to some of the requirements of
Wi-Fi and LTE standards.

Of course, standards testing with
modern oscilloscopes is not reserved
for commercial communications sys-
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tems, and the military has been a longtime user of high-speed
oscilloscopes for this purpose. As an example, the MIL-STD
1553 serial bus is largely used in avionics systems for control. It
relies on three-level signaling and required dual-level trigger-
ing on the test equipment (an oscilloscope) for proper testing.
Similarly, the ARINC 429 serial bus is used to interconnect
avionics equipment in civilian aircraft. The DSO4XAERO A/D
Serial Triggering and Analysis software for the 4000 X-Series
oscilloscopes from Agilent Technologies provides eye-diagram
masks for both interconnect standards to speed and simplify
testing using one of the oscilloscopes (Fig. 3).

In terms of bandwidth and sampling rate, few can match
Teledyne LeCroy and its LabMaster 10 Zi series of modular
real-time oscilloscopes. Available with four channels at 36
GHz or two channels at 65 GHz, or as many as 80 channels at
36 GHz with additional modules, these oscilloscopes operate
at an impressive 160-Gsample/s sampling rate. The LabMaster
ChannelSync oscilloscope architecture is built with high-
frequency, high-speed SiGe chipsets and timing clocks with
extremely low jitter. The sample clock exhibits low jitter of 50
fs RMS while the jitter among measurement channels is held
to 130 fs RMS or less.

For those more comfortable with a traditional oscillo-
scope format, the firm also offers the two- and four-channel
HDO4000-MS and HDO6000-MS high-definition oscillo-
scopes in bandwidths from 200 MHz to 1 GHz (Fig. 4). Rather

4. Teledyne Le-
Croy’s two- and
four-channel mod-
els HDO4000-MS
and HDO6000-MS
oscilloscopes are
available in band-
widths from 200
MHz to 1 GHz.

than plug into external monitors like the LabMaster
ChannelSync oscilloscopes, the HDO models incor-
porate 12.1-in. touchscreen displays to show signal informa-
tion captured with a 12-bit ADC architecture.

These compact oscilloscopes run at 2.5 Gsamples/s with
as much as 25 Mpoints/channel of memory (50 Mpoints/
channel when interleaved). They also feature automatic mea-
surements, waveform math, logic-gate emulation, and digital
timing measurements. As with many new oscilloscopes, each
HDO model is available with a software package that trans-
forms the instrument into a spectrum analyzer, even convert-
ing its controls to spectrum-analysis functions. In addition,
an optional Power Analysis software package allows an HDO
instrument to measure and analyze the operation of power-
conversion devices over time.

From entry level to high performance.
Oscilloscopes from the T&M expert

Fast operation, easy to use, precise measurements — that's Rohde & Schwarz oscilloscopes.

R&S®RTO: high performance (Bandwidths: 600 MHz to 4 GHz)
R&S®RTM: upper midrange (Bandwidths: 350 MHz and 500 MHz)
HM03000: midrange (Bandwidths: 300 MHz to 500 MHz)

HMO: entry level (Bandwidths: 70 MHz to 200 MHz)

All Rohde & Schwarz oscilloscopes incorporate time domain,
logic, protocol and frequency analysis in a single device.

Take the dive at www.scope-of-the-art.com/ad/all

ROHDE&SCHWARZ
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This trend in adding measurement functions
even applies to portable, handheld oscilloscopes
such as the 2512 from BK Precision (Fig. 5).
The dual-channel, 100-MHz-bandwidth device
features a built-in digital multimeter (DMM)
for fast voltage measurements. It also provides
a wide range of recording functions, with 3.5
Mpoints of memory per channel or 7 Mpoints
of memory for a single channel. The little oscil-
loscope runs at 1 Gsample/s and shows results
on a bright 5.7-in. color display screen. It boasts
32 automatic measurements, including an FFT
to make frequency-domain conversions.

Some oscilloscopes are available as PC-
based instruments, like the PicoScope 9300
series from Picotech. The 9321 integrates a
20-GHz sampling oscilloscope with a 9.5-GHz
optical-to-electrical converter for testing opti-
cal communications and other equipment with bit rates to 11
Gbits/s and higher.

The instruments’ 20-GHz bandwidths are aimed at testing
high-speed data signals, such as 10 Gb Ethernet, SONET/SDH
STM64 and FEC1071, 10x Fibre Channel, InfiniBand, and
PCI Express. They offer dual 16-bit ADCs with 60-dB dynam-
ic range, 14-GHz trigger bandwidth, and low trigger jitter of
1.8 ps RMS. They rely on updated Pico-Sample software in

timeter (DMM).

5. This dual-channel, 100-MHz-
bandwidth miniature oscil-
loscope from BK Prevision
features a built-in digital mul-

32- and 64-bit versions for use with Microsoft
Windows XP through Windows 8 and enable
138 automatic measurements and 167 commu-
nications standards masks.

In at least one case, a portable oscilloscope
is using Wi-Fi to make the test, rather than as
the subject of the test. The CarScope PRO PC-
based automotive oscilloscope from Ditex Co.
is a four-channel wireless automotive diagnostic
instrument designed for professional automo-
tive technicians. Developed for software running
on Windows-based PCs, it is connected to an
automobile but transfers test data to its control-
ler, a remote computer, by means of Wi-Fi IEEE
802.11b/g (from 2.412 to 2.484 GHz). It serves as
an engine analyzer for any vehicle and can operate
on a wide range of power sources (8 to 36 V dc).

A high-speed oscilloscope may at times be
preferred to a frequency-domain instrument such as a spec-
trum analyzer for complex communications signals, as is
the case with Wi-Fi and LTE signals, but also for signals in
possibly emerging ultra-wideband (UWB) communications
systems. Such systems, with frequencies allocated from 3.1 to
10.6 GHz and data rates reaching 1024 Mbits/s, will support
short-range communications with complex, self-synchroniz-
ing, packetized, half-duplex signals. &€l
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Analog Experts Note The

loward larg

he most conspicuous trend in both pure analog and

mixed-signal ICs is the replacement of ad-hoc analog

signal-conditioning circuitry in new designs with

targeted analog front ends (AFEs) aimed at specific
kinds of applications including medical, automotive, and
industrial control contexts.

Traditionally, analog signal acquisition and processing was
accomplished with chains of amplifiers and data converters
created by the engineers at the companies that were design-
ing the final product. IC companies competed on the basis
of data-sheet specs and pricing, and their design support was
limited to application notes and contributed articles in maga-
zines such as Electronic Design—though even that support is
now changing (see “Analog Chip Companies Provide Higher
Levels Of Design Support” at electronicdesign.com).

These days, most new product announcements concern
highly integrated, narrowly targeted devices that encompass
the entire analog signal chain from the first stage after the
sensors themselves to the interface to an FPGA or microcon-
troller. Examples in applications range from electrocardiogra-
phy and ultrasound to managing the charge and discharge of
traction-motor batteries in electric vehicles.

Executives at Linear Technology recently met to discuss
these trends. The roundtable included Robert Dobkin, chief
technology officer; Erik Soule, vice president of signal-con-
ditioning products; and vice presidents Don Paulus and Steve
Pietkiewicz, who essentially split power-management prod-
ucts, Linear’s largest product line, between them.
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DON TUITE: How does Linear manage discrete and inte-
grated solutions?

ERIC SOULE: We do both. We're making the turnkey micro
modules and we’re making great standard products too that
could be used in ways that we may not predict.

TUITE: Who is buying the standard products? Is there any-
body typical?

STEVE PIETKOWITZ: I think the guy that tends to buy the
standard product is the guy that’s pushing the performance
barrier. So almost by definition, there is no integrated or
ready-made solution for him because he has the best box on
the planet.

We have one category of parts. Call them high-performance
widgets. Whether it’s a switching power supply or an ampli-
fier, it tends to be a building block. In the RF world, these are
mixers or modulators, the kind of fundamental squares and
triangles on your schematic that have really the best features
or the best combinations of specs that you can get. The guy
that knows his end product can cobble those things together
in unique ways that allow him to differentiate.

DON PAULUS: Like Steve said, the answer is it’s both. We're
doing these reference designs, the integrated modules, the
ASSPs (application-specific standard parts)—those tend to be
more, I think, application-specific, where we do all the hard
stuff and build it inside. And then I think there are guys who
go the complete opposite direction and take the widgets and
do things with them.
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Linear Technology CTO Robert Dobkin and other executives
describe how the company is handling the industry’s shift away

Trend

ctfed AP

TUITE: What is it about the guys who
have the really trailblazing state-of-the-
art end products—where do they find
their customers? Where do they come
from? Are they older people who have
spun off from larger companies with a
specialty?

SOULE: No, they’re established com-
panies. I think of these industrial,
European, family-owned companies
having been around for generations and
generations. They’re not startups. They
know what they’re doing. They’re lead-
ers in whatever box they make. We see it
in Europe. We see it in Asia and Japan.
We see it here. These are companies that
have been around for a long time. They
make the best of whatever it is. They
compete hard with whomever they com-
pete against, and they tend to buy a lot of
our products.

PAULUS: But I think the guys are inter-
ested in more of a system-level solution
being provided. And from my perspec-
tive, that’s a growing piece of our cus-
tomer base, and it has become more of
a focus inside LTC, certainly for certain
products in my business.

GO TO ELECTRONICDESIGN.COM

“We’re a high-performance supplier, and
we continue to think of new higher-per-
formance devices that people need,” said
Robert Dobkin, CTO of Linear Technol-
ogy. “And then we go and enhance them
to make them more useful to the engi-
neering community, and we can get an
advantage over the competing parts. We
can charge money so it’s not a free-for-all
on price, and we’ve got better products
to go out there.”

from general building blocks and to products designed for
specific end uses.

The battery management system in
general is probably the best example
that I can think of, because these are
very sophisticated systems. These days,
the balancers have to interact with the
battery management system. And in
order to use a balancer effectively, you
need to develop an algorithm that will
allow you to effectively balance the
charge in both discharging or charg-
ing. The demonstration capability—the
reference design, if you will—is an
entire system including the algorithmic
smarts to know how to use this thing
effectively. That kind of a system-level
approach to market is relatively new for
the company.

PIETKIEWICZ: That’s a really interest-
ing example because that market didn’t
exist 10 years ago. We used lithium-
ion battery monitoring. And yet we
were in a unique position because we
had the data converter, the filtering,
the references, the right type of logic
and high voltage capability to put all
those things together. But that was an
example where because we had a lot of
the discrete parts, we could make the
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ASSP. That thing is very application-specific. So that one was
a market that was right for integration and we went after it. I
wouldn’t say all markets are like that. Some of them remain
discrete and probably will forever be discrete.

PAULUS: But markets that are like that. They want us to do
the hard stuff.

SOULE: That’s right.

that you have to have to do the other, because you weren’t
born knowing about battery management.

DOBKIN: Were not doing customs. They’re ASSPs. The dif-
ference is, the customer comes to you and says, “Make this”
In our case, we set up the specs, we set up the timetable, and
we make the part for the market, rather than having a cus-
tomer come to us.

PAULUS: So providing system-level
algorithms and demonstration capabili-
ties...

SOULE: Software, yeah.

PAULUS: That includes software and full
battery emulators and so on. Thats a
pretty new concept that I think is going
to become more and more useful.
SOULE: That’s where growth is. Growth
is a derivative, right? And if you look at
what the business levels are in various
pieces of Linear’s business, that’s not a
huge number. It’s growing. There’s lots
of interest. Lots of articles get written
about it. But this broad industrial base,
these old-line companies, is a much big-
ger piece of our business.

ROBERT DOBKIN: And it’s still a
growing piece of the business. There are
only so many ASSPs that we can under-
take to do where we know we’re going
to have a return on it. Some of these
things are 15 to 30 man-years in devel-
opment, for development of a product
plus the software to support it plus the
application support. That better have
areturn. And it ought to be pretty

clear to us that we can have a technical
advantage in the marketplace that’ll
make people turn to us. If we don’t have
an advantage in the marketplace, then

“Our customers ask us to solve more

of their problems,” said Erik Soule, who
oversees signal-conditioning products
at Linear Technology. “And we’ve known
for some years that a big problem is
EMI. And earlier this year we brought
out the kind of technology we call silent
switcher, which drops the radiated EMI
down by 20 or 25 dB compared to our
own previous designs. And that’s gotten
a lot of attention because it makes our
customer’s life easier. He doesn’t have
to spend a week at the EMI lab.”

PAULUS: But the application is very
specific.

PIETKIEWICZ: Well, I guess you want
to look for a long-term trend on who’s
doing the design essentially.

TUITE: That’s another part of it. It’s the
companies that you're talking about.
The old-line guys who really know
what they’re doing are one set of cus-
tomers. There’s another set of people
who are popping up with maybe ideas
that the CTO has had in his head for
along time, but they just never had
the opportunity to get a crew together
to make that into a reality. That’s one
class of customer. The old guys that
you were talking about are another
class. And I'm trying to get an idea of
whether there are any other types of
customers.

PIETKIEWICZ: [ think the biggest
trend is people [companies] that can’t
afford to have a bunch of analog people
on staff like the big guys, outsource
their work. I was just at conference
where half of the potential customers
had good analog guys, and the other
half didn’t. The ones that outsource it
come to LTC and say, “Look, you guys
are the experts, and you figure out what

it’s a free-for-all on price.

So we looked at these things pretty
carefully. We’re a high-performance supplier, and we con-
tinue to think of new higher-performance devices that people
need. And then we go and enhance them to make them more
useful to the engineering community, and we can get an
advantage over the competing parts. We can charge money so
it’s not a free-for-all on price, and we've got better products to
go out there.

TUITE: So you've got the highest-performance discrete

parts. But we're also talking about custom parts for battery
management. And so there’s a certain kind of smarts that a
company has to have to do one and another kind of smarts
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the end product is” They say, “We just
want it done”

There are actually customers who would be very happy to
have us do the complete design for them, which we do a lot
thanks to our FAEs [field application engineers]. And there
are other people who like to buy the whole thing. And that’s
what Eric is now doing.

When we bought Dust [Dust Networks, a maker of wire-
less-sensor mesh networks that complements Pietkiewicz’s
energy-harvesting product line], which is a mesh network
hardware and software technology, it was complete. It’s soft-
ware; it’s an algorithm; it’s IP. It [Dust Networks] is an IT com-
pany. Customers expect an IT company to deliver the whole
bill of goods, including the silicon.
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TUITE: Some of my friends have been chip designers, cir-
cuit designers, who could make a pretty good living bounc-
ing around from small company to small company doing
that custom kind of stuff. Now they’re all crying about the
way the situation has developed where they can’t find busi-
ness. And part of that may be because the smarter ones
have found their way into companies like LTC. Does that
make sense?
PAULUS: On the chip design side, that’s probably the case, at
least in the analog business, I think.
We've had a couple of chip design companies that

wanted us to buy them.
PIETKIEWICZ: Definitely the long-term trend for a hand-
ful of my businesses has been that the customer is expecting
the whole thing to be done. It used to be that they come in
and they buy an integrated circuit from us. And now they’re
coming in and saying, “Solve my problem for me” And the
integrated circuit, you have to have the best one to start with.
That’s what gives us an edge. But in order to tip the sale over
in our favor, sometimes you have to provide more. I have
more software guys on staff now than I ever had in the past. I
have more digital guys.

So, there’s a lot of digital content that we're doing. The per-
formance that we get rewarded for is

PIETKIEWICZ: So that was kind of an interesting scenario,
the battery. We were already working with one of the large
tier 1 suppliers in Japan, and they were using a lot of our
discreet building blocks. (That’s “tier 1” like in automotive
speak.) So you have your OEM, the car companies’ tier 1,
which is your equivalent of the Delphi type guys, and then
you have independent design houses. I usually think about it
in those three tiers.

And this was like the guy in the middle who classically in
the automotive world has been responsible for bringing in the
next generation of ABS or fuel injection drive or whatever it
is. So he was putting together a battery management system,
making the switch from nickel metal hydride to lithium, and
he ran into a host of problems.

And I remember one day staring at this thing and going,
“Wow, there’s a lot of things we could do if we roll up this all
together” It was like one of those conversations: “Well, what
are you really trying to do?” And the conversation gets more
interesting. So that's how that went. It was because of the rela-
tionship we had.

But let me follow along with that idea, since you're ask-
ing a lot of questions about what types of customers there
are and where they are. With the electrification of the car,

still on the analog side, but digital is
required. You have to have software
guys in the lab who are debugging stuff.
In fact, one of the strengths of our pow-
er system management is the software
that talks to this whole product portfo-
lio that we have.

TUITE: The battery management stuff
requires you to learn a great deal about
battery technology. It’s not somebody
coming to you asking specifically for
that, but you finding that market. So,
give me an idea how that works.

With the battery technology,
we do have people coming to us. They
want us to do the measurement. They
want us to do some of the controls.

But the big ones, they want to use their
algorithm to control the battery. They
don’t want us controlling the battery. So
they’re talking to the battery manufac-

turer and they’re finding out what the
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there are more and more subsystems
that never existed even five years ago.
We've seen that kind of food chain
move around a little bit, and all the new
technologies are not necessarily com-
ing in through the tier 1 suppliers. For
instance, a lot of them lately are becom-
ing equivalent to the new engine of

the car, so they’re more strategic. Now

“Customers would love it if they could

get a field application engineer in a box,
that you go to the website and you type
in what you want and there’s some type
of expert system that then gives you the
bill of materials and the schematic that
you just lay out,” said Don Paulus, who
manages power management products
at Linear Technology. “It'd be even great
if it does layout. The problem is that
actually getting that, with all the subtle-
ties involved, is just impossible. You’ll

never replace an FAE.”

you see this drift away from the design
houses and the tier 1 suppliers to the
OEMs. The car companies are basically
specifying what everybody’s going to
have to do. So our sales team is scram-
bling because we're trying to figure out,
“Well, whom do I talk to?”

We joke that we have to win a design
contest five times because you have to

win over the car company; you have to
win over the tier 1; and there are two
design houses competing for the busi-
ness. So it’s pretty dynamic, I would say,
at least in the automotive environment.
Who is the customer, and who actually
originated the concept and is going to
carry the design through to production?
PAULUS: Especially in battery manage-
ment.

PIETKIEWICZ: Yeah, I'm just talking
about battery management.

PAULUS: For hybrid electric and electric
vehicles.

PIETKIEWICZ: Well, I think you

could make the same argument around
something like collision-avoidance
radar. The milliwave radar is becoming
much more strategic because of lane
departure, automatic cruise control, and
backup sensors. So, we actually saw a lot
of tier 1 guys who used to specify that,
and there are car companies now that
are basically dictating the critical com-
ponents to their tier 1 suppliers.
DOBKIN: In terms of us supplying
more than the parts, we have a 20-bit
analog-to-digital converter. And that
requires a lot of hand-holding and a lot
of development on our part because if
you just put that in, you'll find out that
your resistors are not 20-bit linear. And
you’ll find that the nano-amp of leakage
you have is going to mess up your 20
bits. So getting all the bits out is going
through your mind. It requires a lot of
hand-holding, a lot of expertise from

us, because nobody’s had to go through
that before, except maybe the makers of
eight-digit volt meters. And it takes a lot
of work on our part.

PAULUS: It’s in the land of switching
regulators, the venerable buck regulator,
which there are just dozens or hundreds
of in every car. Our customers ask us to
solve more of their problems. And we've
known for some years that a big prob-
lem is EMI [electromagnetic interfer-
ence]. And earlier this year we brought
out the kind of technology we call silent
switcher, which drops the radiated EMI
down by 20 or 25 dB compared to our
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own previous designs. And that’s gotten
alot of attention because it makes our
customer’s life easier. He doesn’t have to
spend a week at the EMI lab.

Getting type approval—which is a
pretty tough thing to do if you don't do
it right from the beginning—it’s hard to
take something that fails and turn it into
something that passes. So we've devel-
oped a lot of expertise in EMI, which is
RE. We've got a bunch of parts, and we
want to get the most RF possible out of
them, and in my switching regulators
I wanted to get the least RF possible
out of them. And it turns out that the
techniques are very similar. You get a lot
of something and you get none of some-
thing. You have to know what’s going on.

From a manufacturer’s view-
point, commodity managers are a real
problem because we're selling more
than the part. But the commodity man-
ager just wants the cheapest price on
the part. Well, on a lot of these sophis-
ticated systems, that doesn't get your
system working and running. But he’s
only compensated on how much money
he saves. And some of the parts that we
make, we've been selling for 30 years.
We can't give them a 10% reduction for
30 years. It just doesn’t work that way.
So we are fighting a war against com-
modity managers who don’t understand
their own systems requirements and
don’t understand that there is more to
the system than just the chip they buy.

I think one of the things you can see
from any of the companies is that the
analog IC is just not the chip. It’s the
system. Because we're getting more
complex, our competitors are getting
more complex. The components or the
systems are getting more complex. And,
people don’t want to spend six months
learning how to do it. They want to get
their product out, so they’re going to
rely more on the manufacturers.
PAULUS: And as you pointed out earlier,
you can't get the performance the chips
will offer unless you solve the system
level problem—so, hence, the burden
on the component guys.

GO TO ELECTRONICDESIGN.COM

So I think the market is see-
ing a shift to higher-performance ana-
log requiring a lot more support.
PAULUS: You can't fiddle with it. In my
opinion, customers would love it if they
could get a field application engineer
in a box, that you go to the website and
you type in what you want and there’s
some type of expert system that then

“We have one category of parts. Call

them high-performance widgets,” said
Steve Pietkiewicz, who manages power
management products at Linear Tech-
nology. “Whether it’s a switching power
supply or an amplifier, it tends to be a
building block. In the RF world, these are
mixers or modulators, the kind of fun-
damental squares and triangles on your
schematic that have really the best fea-
tures or the best combinations of specs
that you can get. The guy that knows
his end product can cobble those things
together in unique ways that allow him
to differentiate.”

gives you the bill of materials (BOM)
and the schematic that you just lay out.
It would even be great if it does layout.
The problem is that actually getting
that, with all the subtleties that are
involved, is just impossible. You’ll never
replace an FAE. &
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Forging A Stronger
Design-Supply Link

As manufacturers seek continuous improvement,

distributors respond with services aimed at bridging
the gap between design and production needs.

still echoes throughout the sup-
ply chain. As 2014 gets underway, many distributors are responding by
reaching beyond their traditional customer base for growth. A pointed
example is the tightening of the design and supply chain as companies seek
to forge stronger relationships from the design phase on through to produc-
tion. The trend is an extension of the drive for continuous process improve-
ment in all kinds of manufacturing operations, and it highlights some of the
changes taking place in manufacturing today.
“Continuous improvement is alive and well in manufacturing. For most

companies, it has become a way of life,” according to a recent manufacturing !

industry outlook survey from Minneapolis-based accounting firm Clifton

LarsonAllen. The firm interviewed executives from U.S. manufacturing and

distribution organizations in late 2013 to uncover trends, issues, and chal-
lenges facing the industry as we head into 2014. Finding new ways to reduce
costs and improve quality remains a top industry goal, the firm found.
“Sixty percent of respondents indicated that their continuous improve-
ment efforts target market pressures like costs, quality, and on-time delivery;
19 percent aim to increase capacity; and just 7 percent said they are targeting
inventory reduction,” the survey said. Other efforts to achieve these goals
include workforce training, lean manufacturing, and factory automation.
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Demand For LED
Technology Gains
Steam

. The residential market represents
the next big opportunity for makers
and sellers of packaged LEDS, new
reports show.

LED backlighting stabiliz-
ing, sellers of LED technology are looking to
new lighting markets for growth over the next
few years. LED lighting in general is a bright
spot on the economic horizon, but industry
researchers point to the market for packaged
. LEDs in residential lighting as a particularly hot
¢ area over the next three years.

“Amid falling prices and rising consumer
acceptance, light-emitting diode (LED) technol-
ogy is taking over the lighting business, spurring
a 96% increase in packaged LED revenue in the
market from 2013 through 2016,” according to
a late 2013 report from market researcher IHS
Inc. A packaged LED is an LED die that has a
protective covering with contacts that allow it to
be directly soldered to an electrical circuit.

IHS predicts global revenue for packaged
LEDs used in lighting applications to reach
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LED backlighting reached 90% of the global LCD TV
market in 2013, with 100% penetration expected by
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The trend is opening the door for new
business to distributors that can drive
such changes through supply chain
management programs. For some elec-
tronics distributors, this means extend-
ing their reach to serve a wider range
of customers’ needs, beginning with the
design phase and then moving with cus-
tomers as they navigate through the pro-
duction cycle.

Large distributor Digi-Key Corp. is a
case in point. With more than 40 years
serving design engineers and other elec-
tronic component buyers, the distributor
has been investing in building its busi-
ness on the production side since 2000.
Vice president of supply chain solutions
Steve Vecchiarelli describes the business
as an important extension of Digi-Key’s
capabilities—and one that takes perse-
verance and a new mindset.

Vecchiarelli recently sat down with
Global Purchasing/Electronic Design
to discuss how design and production
businesses can work together to expand
distributors’ business opportunities
while helping manufacturing custom-
ers achieve some of the cost reduction
and efficiency goals they’ve set in recent
years. Here are some excerpts from our
conversation:

GLOBAL PURCHASING: What steps
did Digi-Key take to develop this
hybrid distribution model, serving
both design engineers and production
customers?

Digi-Key
started its production business division
in the 1999-2000 timeframe. Customers
elected to give us more business and they
said “we like you, your pricing is bet-
ter, but you know you’ve got to do some
other things service-wise to be competi-
tive with other companies” So, we went
from the Stone Age to the Space Age in
about eight months, putting the tools
and systems in place that would get us
into the game [of serving high-mix, low-
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volume production customers]. Since
then we have refined things, and it’s been
about eight years in the actual managing
of material for customers.

Now, when we go to talk to young
startup companies in particular, we try
to sell them on a “prototype to produc-
tion” basis. We actually trademarked that
phrase [in 2013]. We have what we think
is a unique ability to do that—to supply
products from the early design phase, and
as they move through the lifecycle of an
idea, we build a supply chain so that there
is product at every phase of the operation.

“Now, when we go to talk to young startup
companies in particular, we try to sell them
on a ‘prototype to production’ basis,” said
Steve Vecchiarelli, vice president of supply
chain solutions at Digi-Key. “We have what
we think is a unique ability to do that—to sup-
ply products from the early design phase, and
as they move through the lifecycle of an idea,
we build a supply chain so that there is prod-
uct at every phase of the operation.”

GLOBAL PURCHASING: Does this
model work better for particular cus-
tomer segments?

It does depend on
the customer type. If they are more of a
contract manufacturing customer, they
may not be as interested in it because
they have multiple customers and they
do different things for those customers.
But for an OEM—and one that builds
its own products—there is considerable
interest. We had a customer recently in

Texas who came to us [for this kind of
solution]. The customer was using one
contract manufacturer for its production
work and a smaller contract manufac-
turer for prototype, with different sup-
pliers supporting each. They wanted one
supplier who could work with the engi-
neer all the way through to the contract
manufacturer.

We had another customer in Califor-
nia looking for the same type of thing.
They were both looking for a bridge
between the prototype stage and produc-
tion, and they asked us to handle a set of
products [to that end]. So, it all depends
on the customer, but more of them are
absolutely coming to [distributors that]
straddle both sides of the fence.

GLOBAL PURCHASING: What are the
challenges of doing business this way,
particularly when it comes to meeting
customers’ cost reduction goals?

I think technology on
the customer’s end is certainly a chal-
lenge. A lot of customers have grand
ideas but don’t have the resources or
technology to achieve them right away.
I used to say they read the book from
Toyota or Apple and they’re all charged
up—and they should be, because no
matter what level you're at you can drive
cost savings with [supply chain manage-
ment programs]. But they don’t realize
that they buy in a year what Apple or
Toyota buys in a month. That can be a
frustration for them. The solution is to
do alot of discovery about their capabili-
ties and design a program that works
best for them.

GLOBAL PURCHASING: So customiza-
tion is important.

Yes. We realize that
the only thing that’s the same about all of
these programs is that they’re different.
We have to be flexible and innovative
with almost every single customer we
deal with, and we can do that because
of the many tools we've put in place. We

Continued on Page 44
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LED Technology
Continued from Page 39

$7 billion in 2016, up from approximate-
ly $3 billion last year.

In recent years, growth in packaged
LEDs was centered on the market for
LCD backlighting, in applications such
as mobile phones, notebook comput-
ers, and televisions. Those applications
have completed their transition to LED
technology for the most part, stabilizing
demand and limiting growth to single-
digit percentages, IHS says. In a sepa-
rate 2013 report, the researcher said LED
backlighting was set to reach 90% pene-
tration in LCD TVs in 2013, for example
(see the figure).

Such changes open the market to more
general lighting applications, which THS
predicts will “provide the next wave of
explosive growth for packaged LEDs.”

“In 2012, the lighting sector became
the largest end application for the pack-
aged LED market, having finally over-
taken the TV backlighting market,” the
researcher reports. “Market saturation
for LED backlighting has resulted in a
number of leading suppliers shifting
their focus and development resources
toward the lighting industry”

COMPETITION HEATS UP

Many companies focused on LCD
backlighting have already begun their
shift to lighting.

“LED suppliers that are focused on
lighting are predicted to gain market
share,” says Jamie Fox, principal analyst
for LEDs at IHS. “Some of the companies
that have a large market share in LED
backlighting, such as Seoul Semiconduc-
tor and Samsung, have already managed
to shift much of their business to lighting

and have done very well in this area, win-
ning market share in recent years”
Increased competition will result,
which researchers say will drive down
prices in the LED market over the next
four years. IHS forecasts average selling
prices for packaged LEDs in lighting to
fall to $0.19 in 2018, down from $0.25 in
2016 and $0.41 in 2013, for instance.
Residential lighting applications rep-
resent the greatest growth opportunity
ahead, THS says, predicting packaged
LED revenue in that sector to grow to
nearly $2.7 billion in 2016, up from
roughly $850 million last year. Retail and
hospitality markets have led LED light-
ing adoption in recent years, at approxi-
mately 6% penetration. Comparatively,
the residential market is at about 1%
penetration—but primed for growth.
Geographically, THS says Japan saw the
largest adoption of LED lamps in 2013.

Manufacturers
And Distributors
Optimistic, Survey
Shows

third annual
survey of U.S. manufacturers
and distributors shows that
many organizations are on
the road to a positive future
despite the slow economic
recovery. Survey results point
to healthy and sustainable
organizations by using what
the firm calls “The Value Tri-

angle,” which focuses on four
dimensions: financial, growth,

execution, and leadership.

“The afttitude and mind-

set of the leaders we sur-
veyed focuses on captur-
ing opportunities instead
of dwelling on things that
cannot be controlled,” said
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Eric Skie, manufacturing
and distribution managing
principal with CliffonLar-
sonAllen. "The industry has
moved beyond the Great
Recession and is now
shaping its own future”

Of the respondents, 75%
were privately held and
family ownership busi-
nesses, 54% had two fo five
owners, and 27% were one-
owner organizations.

The financial dimension
yielded positive responses,
with 70% of respondents
at or above pre-recession
profitability levels. Forty
percent reported that the
average age of accounts
has increased, while
about the same number
said they have stayed the
same. In addition, those
surveyed say that work-

ing capital requirements
(including inventory) and
the availability of credit
have not caused problems
with growth in the past two
years. Sixty-three percent
said they are exporting,
while 27% are not and
do not plan fo do so in
the next two years.The
survey also asked about
management of revenue
concentrations, with most
respondents having an
industry concentration that
accounts for more than
50% of their revenue base.
Continuous improve-
ment is alive in manufac-
turing: 60% of respondents
said that their improve-
ments target pressures
such as costs, quality, and
on-time delivery; 19% hope
fo increase capacity; and

7% plan fo reduce invento-
ry.There also is a shortage
of skilled workers, so most
organizations are imple-
menting workforce training,
lean manufacturing, and
automation. Leadership is
also important, with 35% of
respondents expecting an
ownership transition in the
next five years.

*The need for skilled
workers coincides with an
expansion in manufactur-
ing, but the inability to
fill skilled positions could
ultimately hold manufac-
turers back from their full
growth potential,” Skie said,
adding that the resiliency
that has brought compa-
nies through the Great
Recession shows they will
move forward.

SARAH MANGIOLA
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Wearable Electronics Drive Consumer Market

Demand for health- and fithess-related wearable devices leads the trend, as consumer
Interest In monitors, fimess apps, and fitness video games grows.

all the rage in
consumer electronics circles these days.
This is especially true on the health-
and-fitness front, as interest in purchas-
ing wearable electronic fitness devices
over the next 12 months has quadrupled
in the last year, according to the Con-
sumer Electronics Association (CEA).

In a mid-December report, the CEA
said consumer interest in purchasing
dedicated wearable fitness devices in the
next 12 months grew to 13% in 2013, up
from just 3% in 2012. This is the largest
year-over-year increase for any category
of fitness device, the group said in its
new study Understanding the Market
for Wearable Health and Fitness Devices.
What’s more, ownership of dedicated
wearable fitness devices tripled in 2013,
reaching 9% compared to 3% in 2012.

“CEA projects that the market for
dedicated wearable fitness devices like
body monitors and pedometers will
continue to expand for the foresee-
able future as more consumers become
aware of these devices and an array of
new products enters the market,” Kevin
Tillmann, senior research analyst for
CEA, said in announcing the study’s
findings in December.

Consumers list motivation and the
ability to monitor both fitness goals and
their physical activity levels or intensity
as key reasons for driving their inter-
est in wearable fitness devices. Seventy-
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Consumer interest in purchasing a dedicated
wearable fitness device over the next 12
months increased from 3% in 2012 to 13%
in 2013. (courtesy of the Consumer Electronics

Association)

five percent of U.S. consumers say they
own a fitness technology product, up
from 61% in 2012. Pedometers are the
most popular product, followed by fit-
ness video games and portable blood-
pressure monitors. Looking ahead, CEA
says dedicated wearable fitness devices,
fitness apps, fitness video games, and
calorie trackers will be most in demand.
And as demand grows, sales of fit-
ness and activity-tracking devices are
expected to exceed $1 billion this year—
a nearly 40% increase over 2013.
“Fitness technology owners indicate
they are seeing personal progress in
their overall health and/or on specific
goals, such as losing weight or lowering

blood pressure, using their devices as
much or even more than they originally
expected,” Tillmann says. “Not only are
these fitness technology products catch-
ing on in the marketplace and expe-
riencing strong growth in sales, con-
sumers indicate they are experiencing
positive results as well”

Gartner Research predicts similar
growth in wearable fitness devices over
the next few years. Worldwide revenue
from wearable electronic devices, apps,
and services for fitness and personal
health was expected to reach $1.6 billion
in 2013 on the way to $5 billion by 2016,
according to Gartner’s research director
Angela McIntyre. In a December outlook
on wearable technology, McIntyre pre-
dicted ongoing strength in the wearable
electronics market for fitness and health,
noting that it’s part of a larger social trend.

“Wearables support the ‘quantified
self” trend of people tracking their vital
signs, activities, and capturing images
of what they experience during the day;’
Mclntyre explains. “The fun of wearing
and using gadgets to track fitness and
health is appealing, and so is using their
apps and services. Gamification enables
wearers to compete against themselves or
others and rewards wearers. Online com-
munities provide camaraderie with those
having similar goals. Wearable electron-
ics provide new motivation to consumers
for improving fitness and health”

Design Supply
Continued from Page 40

mix and match to whatever the situation
is, and it's PFEP—plan for every part. We
take a look at how many times they use
it, what's the best way to manage it, how
much they use.
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GLOBAL PURCHASING: Where do you
see this trend headed?

Something that we've
seen for the last [several years] is that
customers are looking for better, cheap-
er, faster. Fortunately, with today’s tech-
nology, I think we're there. So, I think
the better, cheaper, faster demand will be
around for a long time. In terms of ser-

vices, it’s all about “what are you doing
for me now?” That’s what customers are
asking. As a result, none of us can afford
to sit on our hands. [In response], were
adding resources internationally on the
production side—in-country resources
covering all of Europe and Asia, all
focused on the production business side
of the company.
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Everyone Must Enlist In The Fight Against Counterfeiting

Most buyers think they can tell the difference between a counterfeit and an authentic

product, but they can’t.

By TOM GRACE, EATON, TomAGrace@eaton.com

components continue to have real
implications on our economy, our jobs,
and even our health and safety.! These
unsafe lookalikes exist for almost every
product that is profitable, from compo-
nents to mission-critical equipment.

For example, counterfeit circuit
breakers can result in product malfunc-
tions or failures, causing serious bodily
injury including electric shock, electro-
cution, and even death. They also are
capable of significant property dam-
age, as they are designed to provide
circuit protection for power distribu-
tion systems and to safeguard people
and equipment.

A breaker failure means the loss
of production, possible equipment
damage necessitating costly system
analysis and replacement, and the
increased risk of worker injury at the
time of failure or during maintenance.
The financial liability of such an inci-
dent will fall on those who participated
in the supply and distribution of the
counterfeit products.

Despite recognizing the dangers of
counterfeit electrical products and com-
mitting to avoid them, most purchasers
do not realize the sophistication of mod-
ern counterfeiting techniques and think
they can tell the difference between a
counterfeit and an authentic product.

As part of its efforts to bring this seri-
ous issue to light, Eaton has worked over
the past few years to present hundreds
of professionals with two circuit break-
ers—one counterfeit and one authentic.
After professionals take a few minutes
to inspect the breakers, they come to
the common realization that they never
would have thought it was counterfeit
(see the figure).
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This issue is compounded by the pro-
duction, sales, and importation of coun-
terfeit electrical goods, which is soar-
ing at an alarming rate. According to
the Department of Homeland Security,
more than 3400 seizures of “Consumer
Safety and Critical Technology” prod-
ucts accounted for a street value of more
than $146 million in 2012, which is a
143% increase from 2011.

By looking at the two circuit breakers above,

would you know the one on the left is coun-
terfeit?

HOW TO WIN THE BATTLE

Stopping the sale of counterfeit prod-
ucts is everyone’s responsibility. This
includes manufacturers, distributors,
resellers (authorized and unauthorized),
governments, and customers alike.

Supply chain managers hold an
important role in combating counter-
feiting. By educating buyers and man-
agers on how to identify a counterfeit
electrical product and avoid purchas-
ing it, they raise awareness of the issue
and help ensure the purchase of authen-
tic parts, preventing counterfeits from
entering the supply chain and decreas-
ing the demand for such products. For-
tunately, companies can use three easy
strategies to identify and avoid counter-
feit electrical products:

« First, buy authentic. The best way
to avoid counterfeit electrical products
is to purchase products from the man-
ufacturer’s authorized distributors or
resellers. There is a higher risk of coun-
terfeits if one cannot trace the path of
commerce to the original manufacturer.

« Second, scrutinize labels and pack-
aging. When purchasing a product,
check for certification marks from orga-
nizations that certify the quality and per-
formance of electrical products. Be
leery of additional markings or label-
ing not applied by the original man-
ufacturer. As counterfeiters become
more sophisticated, counterfeit prod-
ucts become even more difficult to
detect this way, creating an increasing
need for additional scrutiny.

Some testing organizations have
online product registries that enable
you to look up a particular product or
control number to verify the certifica-
tion. For example, Eaton’s Circuit Break-
er Authentication tool (www.eaton.com/
counterfeit) enables customers to detect
if Eaton circuit breakers are counterfeit.
Once the bar code, part number, and
date code found on the circuit breaker
are entered, the authentication tool can
immediately verify authentication.

o And third, avoid “bargains” When
shopping for products, don't be tempted
by incredible deals. Compare the price
of that product to a similar product at a
different retailer. If it seems too good to
be true, the odds are it is.

REFERENCE

“Counterfeit Electronic Components Survey,” Global
Purchasing, http://globalpurchasing.com/counterfeit/
counterfeit-electronic-components-survey

TOM GRACE is brand protection man-
ager for Eaton’s Electrical Sector Americas.
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Safe and Accurate Isolated Current Sensing
in Motor Control using Optically Isolated
Sigma-Delta Modulators

Introduction

In Industrial motor or servo control applications, accurate current
measurement is a critical as part of the control loop. Not only has
the current measurement need to be as accurate as possible, it
also needs to be safe and reliable. Industrial Motor or servo control
systems usually contains high voltages and in fault events like
over-current or short circuits, these conditions need to be detected
and rectified quickly to prevent catastrophic systems failures or
in the worst case, human injury. Not only does optocouplers help
to provide isolation in breaking ground loops, rejecting common
mode noise and transients, it provide the necessary insulation to
meet the required safety standards and regulatory requirements.

Optically Isolated Modulator Architecture

The inputs of an isolated modulator used in current measurements
are usually connected to a small shunt resistor, which converts
the current passing through it to a small voltage, usually about
+200mV, so as to limit the power dissipation in the shunt resistor.
The sigma delta modulator then oversamples the analog input
signal into a single high speed bitstream before transmission across
the optical isolation barrier. The modulator data received on the
isolated side is then sent to a processor for further processing. A
Sinc3 decimation filter can then be easily implemented on an FPGA
or microprocessor to recover the desired signal. The decimation
filter averages or decimates the high speed oversampled bitstream
to a lower rate by a factor, commonly known as as decimation
ratio. Figure 1 shows the block diagram of an isolated sigma delta
acquisition system.

OPTICAL ISOLATION
INTEGRATOR ~ QUANTIZER

ANALOG

|
|
INPUT, V(t) i e | [ NBITS Lo v
/\/‘/\—’@* J > t|: | AUTER i
i
1-BIT DAC Fs—T i DECIMATION
+VR_EF
-
—VREF

Figure 1. Optically Isolated Sigma Delta Modulator block diagram

There are a couple of advantages with such approach. Firstly,
an isolation barrier can be easily placed on a single channel
immediately after the modulator output. Secondly, any errors in
the received bitstream that could be caused by common mode
transients would have been averaged out by the decimation
filter. The result is a very robust isolation scheme which provides
good common mode rejection between primary and secondary or
transientimmunity in highly noisy environments like motor control.
Being optical in nature, the device is also immune to magnetic
interference unlike conventional Hall Effect sensors. Figure 2 shows
a block diagram of the new Avago ACPL-798) externally clocked
optically isolated Sigma-Delta Modulator with LVDS interface. The
LVDS interface furthersimproves the connection between the sensor
and the processor as compared to the usual single ended LVTTL
interface, allowing system designers to have a robust interface. The
ACPL-798] also offers good gain accuracy of +1% and 75dB of Signal
to noise ratio equivalent to 12bits effective number of bits (ENOB).

Von Vog,

Vi 3-A LD z L>L1 MDAT+
MODULATOR —»DRWER} ¥4 { DECODER
Vi ENCODER L [ 1 MDAT-
SHIELD T
A L o } i { LD MCLKIN+
DETECTOR x DRIVER MCLKIN=
” e
GND1 SHIELD ACPL-798) GND2

Figure 2. ACPL-798) block Diagram

Types of Optically Isolated Modulators

There are 2 types of optically isolated sigma delta modulators,
internally clocked and externally clocked. An externally clocked type
has certain advantages over internally clocked type. For example,
externally clocked type typically has a higher clock speed. Externally
clocked type also allows having a common master clock for easier
data recovery and channel to channel synchronization, for example
simultaneous measurements of phase currents.
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Table 1. Decimation ratio vs. filter delay time illustration & ENOB

The Avago Advantage Technical Notes

Fs =20MHz Fs =10MHz
Decimation
Ratio (R) Throughput Rate | Effective Number Throughput Rate | Effective Number
(Fs/R) KHz of Bits (ENOB) Filter Delay (ps) (Fs/R) KHz of Bits (ENOB) Filter Delay (us)
256 78.1 12 128 39.1 12 25.6
128 156.2 n 6.4 78.1 n 12.8
64 3125 n 32 156.2 N 6.4
32 625 10 1.6 3125 10 32

Speed and Precision

In motor or servo control, the motor loads being driven are inductive
loads. From the inductor impedance equation below, one can deduce
that voltage is dependent on the rate of change of the current flowing
through the inductor.

dip (t)

Vi(t)=L
L(t) It

Thus, fault conditions like phase to phase shorts or ground shorts need
to be detected and rectified as quickly as possible before dangerous
voltage levels develop on the motor which could lead to catastrophic
failures as well as human injury. Typical reaction time required for the
motor controller to react to such fault is usually less than 10ys. One
common approach is to have separate filters with decimation ratios
running in parallel (figure 3).

A filter can be configured with a smaller decimation ratio to provide
the fast response required to track and react to fault conditions while
having another filter in parallel with higher decimation ratio for better
resolution during the normal control loop operation. By partitioning
a system in such a way, it is possible to sense and react quickly to
rectify any fault conditions. Table1 shows the tradeoff between
resolution and speed by selecting the appropriate decimation ratio.
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Figure 3: Decimation filters partitioning

Field Safety and Reliability

Avago optocouplers are certified to the IEC safety standard IEC60747-5-5
for Reinforced Insulation. This is a component safety standard designed
to test the isolation construction, insulation material, aging mechanism
of optocouplers and is applicable to only optocouplers and is not
applicable to alternative isolators.

As a compromise, some test houses offer certified compliance for
alternative isolators to the optocoupler standard DIN/EN 60747-5-2 but
have only issued certification of BASICinsulation, which implies a partial
compliance but not a full certification. That is because the quality and
characteristics of such thin-film polyimide and CMOS insulation with
respect to safe insulation application is not well understood yet.

Avago has been manufacturing and supplying in high volumes optically
isolated modulators and isolation amplifiers to many motor control
customers for over close to 2 decades. This track record is testament to
the safety and reliability that optical isolation provides.

Summary

Current measurement using Optical isolated sigma delta modulators
offers the flexibility to configure itself between precision and speed
by choosing the appropriate filtering schemes. Only optocouplers
are certified to the IEC Safety Standard IEC60747-5-5 for reinforced
insulation. Avago optically isolated modulators provide a field proven
method to measuring current in an accurate, safe and reliable way.

Contact us for your design needs at: Www.avagotech.com/motorcontrol

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

Data subject to change. Copyright © 2013 Avago Technologies
AV00-0287EN 12/18/13
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Understandin

Distributed

Antenna Systems

This measure of modulation quality may be a better predictor of wireless reliability

than BER.

s cellular service provid-

ers seek to support more

subscribers using data-

intensive applications like
video, small-cell networks are becoming
essential for providing the requisite coverage
and capacity. As part of their outdoor network
plans, service providers are looking at distrib-
uted antenna systems (DASs) to create the
small cells they need.

DAS technology has been around for more
than 20 years. But now, the need to do more
with fewer assets is driving innovation in DASs
and optical networks. DAS solutions not only
address the need for small-cell delivery, they
also address efficient small-cell backhaul.
Mobile operators are anxious to implement
the latest DAS and fiber technologies to create
leaner, more cost-effective deployments.

WHAT’S A DAS?

A DAS is a system of managed hubs and
remote antennas that distributes a wireless
signal to a series of connected indoor or out-
door multi-band, multi-technology radio
heads. At the head-end of the DAS, service
providers typically locate basestations to pro-
vide the cellular signal. A main hub takes that
signal, digitizes it, and distributes it to other

hubs and radio heads via a high-bandwidth (@

GO TO ELECTRONICDESIGN.COM

(b)

fiber optic network. At the antenna, the
radio converts the signals from digital to
RF and RF to digital.

By digitizing the signal on the fiber,
the DAS can transport the mobile signal
at full strength to any remote antenna
connected, no matter how far away it is
from the main hub and basestation. This
is in contrast to older, analog systems
that transported RF signals over coaxial
cabling and whose performance dimin-
ished in proportion to the distance of the
remote antenna from the main hub.

DASs are used in urban canyons, sub-
urbs, airports, stadiums, office buildings,
and other venues where service providers
need to enhance their coverage or network
capacity. By focusing a basestation’s signal
on a specific area through remote anten-
nas, the DAS delivers higher capacity and
consistent coverage over the area it serves.
Some DAS projects extend for miles and
support thousands of subscribers. And
to keep the mobile network out-of-sight,

1. DAS remote antennas can be deployed
on light poles, streamlining and minimizing
the infrastructure compared to distributed
radio units with antennas. They can be vis-
ible (a) or integrated into the pole (b).
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DAS remote antennas can be housed on lampposts, telephone
poles, street cabinets, or other street furniture (Fig. I).

DASs often are evaluated against other small-cell tech-
nologies such as picocells and microcells that providers seek
to address a coverage or capacity problem. But picocells and
microcells, while cheap and easy to install, typically support
only one service provider’s frequency band, so they offer low
capacity. In addition, a picocell supports only a couple of
dozen simultaneous subscribers, so it serves a relatively small
area and limited capacity. Finally, each picocell or microcell
requires its own backhaul connection to the network, which
multiplies costs. In an area where subscribers demand cover-
age for all major service providers, a DAS can support multiple
frequency bands and service provider services with a single set
of antennas and a single backhaul connection.

SOLUTIONS FOR FIBER EFFICIENCY

One of the key challenges in rolling out small-cell architec-
ture is accessing the necessary fiber to make the backhaul con-
nections. Potentially, a service provider would have to build
a whole new fiber network to support a DAS or small-cell
deployment. But there are several ways in which a DAS makes
more efficient use of fiber than picocells or microcells.

First, the DAS requires only one backhaul connection for
the entire DAS network. In contrast, each picocell or microcell
requires its own backhaul connection. In the case of DAS, the
fiber backhaul connection can serve thousands of subscribers,

S SS S
\N

FTTx network utilized for
RF distribution

Basestations collocated
at the central office

Fiber utilized for wired
and wireless service

RF from basestation hotel

Mullti-band wireless access
nodes on utility infrastructure

while a picocell or metrocell’s fiber connection would serve
only a relative handful of subscribers.

Second, the DAS provides a built-in aggregation point in
the network. A modern DAS can do 8:1 aggregation out of the
main hub, aggregating up to eight different frequency bands
over a single fiber pair. In contrast, a service provider would
have to deploy separate picocells or microcells to support each
frequency band.

Several other fiber-saving technologies can be used as
well. For example, DAS head-ends can aggregate the capac-
ity from two or more basestations so the mobile operator
can increase capacity by simply adding another basesta-
tion (no additional head-ends, antennas, or radio heads
are required). In addition, advanced fiber solutions offer
optional fiber-saving technologies:

« ALL-DIGITAL TRANSPORT: Digital DAS solutions transport
RF signals in digital format from the head-end to the radio
head or remote antenna unit. This means the signal does
not attenuate between the head-end and antenna, and the
head-end can simulcast the digital signal to all of the remote
antennas in the system.

* CAPACITY AGGREGATION: Modern DAS solutions can simul-
cast the capacity from the connected basestation(s) to all of
the remote antennas or radio heads in the system. Capacity
aggregation saves on basestations and head-end units and
simplifies network design and management.

* FIBER-SAVING TECHNOLOGIES: Several
fiber-saving technologies can be used to
minimize the amount of fiber that needs
to be pulled and spliced. The first option
is to use coarse wave division multiplex-
ing (CWDM) or dense wave division
multiplexing (DWDM) to expand the
data-carrying capacity of individual
fibers and fiber pairs by multiplexing
eight (CWDM) or 80 (DWDM) wave-
lengths on a single fiber.

Another emerging option is cost-
effective 10-Gbit/s transport solutions
that slash the amount of fiber needed in a
DAS network. A 10-Gbit/s transport can
support up to 225 MHz of spectrum over
a single fiber pair, which is more than

three times the capacity of many base-

transported and backhauled
over fiber to broadband
indoor DAS

2. DAS networks can be overlaid on FTTx infrastructures by using the existing fiber infrastruc-

ture to widen the DAS coverage.
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band transport alternatives. This coupled
with CWDM or DWDM offers signifi-
cant capacity delivery over a single fiber.

A DAS is an efficient means for dis-
tributing RF spectrum from a common
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RF source, where the base transceiver station (BTS) signals are
connected to a host, which then distributes the BTS’s signal to
multiple remote antenna locations via a fiber network.

DAS AND FTTX

To avoid having to build out a whole new fiber network
for a DAS, service providers can partner with wireline car-
riers to piggyback DAS traffic on an existing fiber-to-the-x
(FTTx) installation. Wireline carriers can participate in this
model most easily by offering “a la carte” services to the wire-
less service provider that provide access to fiber, offer optical
efficiencies, or provide leased physical space for the network
infrastructure and gear.

DASs overlay nicely onto FT'Tx networks (Fig. 2). The fiber
in an FTTx network typically originates in a serving office
with great access to necessary facilities to host or “hotel” BTS
resources. Access to electrical, backhaul, HVAC, and, impor-
tantly, fiber to the remote nodes creates an environment
where the wireline operator can lease space, eliminating the
need for the wireless operator to develop a new site to locate
the BTS resources. The wireline operator then has the fiber
from this serving office running deep into the network serv-
ing its FTTx investment.

By either utilizing spare dark fibers or offering wavelength
services from the FTTx plant, the wireline carrier can recog-
nize recurring revenues leasing these fibers to the wireless
operators for their use to distribute the BTS capacity to remote
DAS nodes. In this scenario the wireline carrier has the oppor-
tunity to further monetize its investment while the wireless
operator has a cost-effective and time-to-market efficient
solution to deliver wireless services.

To overlay a DAS on an FTTx network, the wireline carrier can:

*Monetize spare or dark fibers that may be available as
reserved for spares or expansion of the wireline network

« Use optical splitters that link the wireless signal from the
basestation to the FTTx network for distribution to the
remote units

« Offer wavelength services where dark fibers are not available

+ Use a CWDM or DWDM to split out wavelengths for use in
the DAS, minimizing fiber usage

« Speed time-to-market by using existing fiber assets to take
advantage of zoning approvals already completed

- Utilize space within a central office, basement, enclosure, or
hut to house wireless carrier basestations that will provide
the signals for the DAS

- Utilize common backhaul, power, and HVAC to minimize
cost and environmental impact

» Minimize time-to-service with easy-to-zone, non-aestheti-
cally disruptive solutions overlaid on the existing infrastruc-
ture and real estate
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CPRI AND DAS

Another of the enduring challenges in matching up a DAS
with a mobile basestation has been the need to use RF as the
method of interface, which adds complexity and cost to the
deployment. But to date, DAS equipment has not been able to
use the Common Public Radio Interface (CPRI), which has
been defined for basestations. Now, DAS equipment that does
use CPRI is emerging, solving several key problems.

CPRI defines the publicly available specification for the
key internal interface of radio basestations between the radio
equipment control (REC or basestation) and the radio equip-
ment (RE, or radio head). The companies cooperating to
define the CPRI specification now include Ericsson, Huawei,
NEC, Nokia Siemens Networks, and Alcatel-Lucent. The
CPRI specification has gone through several revisions, and
today it is at version 5.0.

The idea behind CPRI was to create an open standard for
interfacing basestations with radio heads. But in reality, CPRI
is neither common nor public, as it is not truly an open stan-
dard. Instead, similar to what happened with the Integrated
Services Digital Network (ISDN) for public branch exchanges
(PBXs), each manufacturer developed its own flavor of CPRI
that works only when interfacing its own basestations with its
own radio heads.

Since the major basestation manufacturers don’t make DAS
equipment, DAS systems that have been supplied by third-
party OEMs until now haven't been able to interface the DAS
head-end equipment directly in the digital domain with base-
stations through CPRI because each BTS manufacturer’s CPRI
interface is unique.

Instead, the DAS head-end interfaces with basestations
through the RF signal. This has been true since the inception
of DAS more than 20 years ago. However, there is a significant
power mismatch between basestations and DAS head-ends
that must be accommodated for this interface to work. A typi-
cal basestation puts out about 40 W, and a DAS head-end takes
in roughly 0.25 W. Feeding 40 W into a DAS will destroy the
head-end. As a result, the basestation’s power must be severely
reduced before it can interface with the DAS.

There are several challenges with reducing basestation
power output:

+ COMPLEXITY: Basestation power is reduced with racks of
passive equipment called attenuators. All of this external
“plumbing” between the basestation (which can also include
splitters, combiners, circulators, etc.) and the DAS adds to
the size, complexity, and cost of the deployment.

* SPACE: Racks of attenuators take up floor space, making a
DAS deployment much larger than it needs to be. In many
cases, there may not be enough floor space at the intended
facility to accommodate the entire deployment, so a separate,
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off-site facility must be built. This added expense can be a
deal-killer for many mobile operators.

« HEAT: RF attenuators generate a large amount of heat, mak-
ing it necessary to spend more on air conditioning in DAS
deployment areas.

+ COST: The need for attenuators (and the rest of the aforemen-
tioned plumbing) and the need to invest manpower resources
in designing and deploying all this RF plumbing adds capital
and operating expenditures to the overall deployment, wors-
ening the DAS business case for mobile operators.

« INEFFICIENCY: Mobile operators invest in large, hot, pow-
er-hungry amplifiers for their basestations, only to have
their power substantially reduced in the actual deployment.
Amplifiers are one of the biggest cost drivers in a basestation.

Interfacing directly with a basestation via CPRI instead of
RF eliminates the need for all this plumbing, saving space,
power, and cooling costs in the DAS deployment. All of these
elements are critical when evaluating the practical and finan-
cial viability of DAS deployment. DAS manufacturers’ abil-
ity to use CPRI interfaces versus traditional RF will greatly
improve deployment time and the business cases for mobile

operators, increasing DAS’s market reach. Obviously, this will
require direct cooperation from the basestation manufactur-
ers, as custom CPRI interfaces will need to be developed to
work with each major basestation manufacturer.

As we have seen, there are many advantages to be gained by
deploying DAS with fiber networks. As mobile operators seek
to provide robust and reliable services to their subscribers,
DAS and fiber will play key roles in service rollouts. &=l

TONY L. LEFEBVRE is the director of product management for
outdoor wireless products at TE Connectivity. During his tenure with
TE, he has held a variety of business development and product
management positions. He holds a BS in business from the University
of Minnesota, Carlson School of Management, and an MBA from
the University of St.Thomas, Saint Paul, Minn.
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Wideband RF Front Ends

For GSPS Converters

Passive front ends are best for ADCs operating at gigasamples per second in today’s

industrial applications.

s high-speed analog-to-digital converter
(ADC) technology improves, so does the need
to resolve very high intermediate frequencies
(IFs) accurately at high speeds. This poses
two challenges: the converter design itself and the front-end
design that couples the signal content to the converter. Even
if the converter’s performance itself is excellent, the front end
must be able to preserve the signal quality too.
High-frequency, high-speed converter designs exist in
many applications today, with radar, wireless infrastructure,
and instrumentation pushing these boundaries. These appli-
cations demand the use of high-speed gigasample-per-second
(GSPS) converters with resolutions of 8 to 14 bits. But remem-
ber, many parameters must be met to satisfy the “match” for
your particular application.

LAYING THE FOUNDATION

It is natural to gravitate to GSPS converters for applica-
tions such as radar, instrumentation, and communication
observation because they offer a wider frequency spectrum or
Nyquist band. Wideband, as defined here, is the use of signal

Two-transformer Two-balun

configuration configuration
Transformer Transformer |npuf Balun
1: 1 z 1: 1 YA 1:11Z

Input Output

01pF$ O]pF;

1. Double balun/transformer topologies can mitigate second harmonic problems related

to phase imbalance issues.
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bandwidths greater than 100 MHz and ranging into the +1- to
4-GHz frequencies. However, a wider frequency spectrum
poses even more challenges on the front-end design.

You can purchase a converter with a +1-GHz Nyquist, but
you still have to wrap the right components around it and pay
closer attention to the circuit’s construction, i.e., its front end.
Challenges escalate when the application calls for +1-GHz
super-Nyquist sampling, where spectral information must be
captured in the second, third, or fourth Nyquist zone.

QUICK NOTE ON BANDWIDTH

A converter’s full-power bandwidth is different from con-
verter “usable or sample” bandwidth. The converter needs
full-power bandwidth to acquire signals accurately and for the
internal front end to settle properly. Selecting an IF and using
the converter out in this region is not a good idea since perfor-
mance results will widely vary in the system.

Based on the rated resolution and performance stated in
the converter’s datasheet, the full-power bandwidth is much
bigger than the sample bandwidth of the converter itself
and possibly twice as big. The design is centered around the
sample bandwidth. All designs should avoid
using some or all of the highest-frequency
portions of the rated full-power bandwidth
or risk a de-rating in dynamic performance
(SNR/SEDR).

To determine the sample bandwidth of the
high-speed ADC, consult the datasheet or
application support, since sometimes it isn’t
specially given. Typically, the datasheet has
specified or even listed production-tested
frequencies that guarantee delivered perfor-
mance within the converter’s sample band-
width. However, better explanations about
these bandwidth terms in the industry need
to be specified and defined.

p—O Output

FEBRUARY 2014 ELECTRONIC DESIGN


mailto:rob.reeder@analog.com

DRVDD

;

Voltage gains with baluns can be high-
ly variable, allowing for more significant

ripple and roll-off to be obtained when
it isn’'t wanted. Finding a 1:4 impedance
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— 0.75 pF performance is difficult today. In sum-
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2. Front-end networks can be optimized for bandwidth.

BALUN CHARACTERISTICS & IMBALANCE

Once the application bandwidth and high-speed ADC are
known, choose the front-end topology: amplifier (active) or
transformer (passive). The tradeoffs between the two are long
and depend on the application.? This article will concentrate
on transformer/balun coupled front-end designs.

The term “balun” will be used in the context that is refer-
ring to a transformer or balun. Even though there are differ-
ences between the two in their construction and topology, the
assumption is that a passive device is used to couple and build
the front end, which converts the incoming IF of interest from
a single-ended signal to a differential one.

Baluns have different characteristics than amplifiers and
should be considered when choosing the device. Voltage gain,
impedance ratio, bandwidth and insertion loss, magnitude
and phase imbalance, and return loss are some of these dif-
ferent characteristics. Other requirements may include power
rating, type of configuration (such as balun or transformer),
and center tap options.

Designing with baluns is not always straightforward. For
example, balun characteristics change over frequency, com-
plicating expectations. Some baluns are sensitive to ground-
ing, layout, and center tap coupling.

It is wise not to fully expect the datasheet of the balun to be
the sole basis for choosing it. Experience can play a huge role
here as the balun takes on a new form when printed-circuit
board (PCB) parasitics, external matching networks, and the
converter’s internal sample and hold circuit (i.e., load)? also
become part of the equation.

Signal gain is ideally equal to the transformer’s turns ratio.
Although voltage gains found within a balun are inherently
noise-free, utilizing a balun with voltage gain does gain the
signal noise. There can be a significant tradeoff in bandwidth
as well. Designers, then, should view a balun simplistically
as a wideband passband filter with nominal gain. Therefore,
the typical trend is the more signal gain in the balun, the less
bandwidth.

GO TO ELECTRONICDESIGN.COM

VCM
J70'] pFJ— final signal chain stage should be well
;|; thought out and verified in the lab. Since
bandwidth options become limited, as
well as performance, the tradeoffs are
significant, forcing the performance to
be no better than a 1:1 or 1:2 impedance

ratio design when designing in gigahertz regions.

The balun’s insertion loss is simply the loss over the speci-
fied frequency range and is the most common measurement
specification found in any balun datasheet. This will change
when implemented in the circuit. Typically you can expect
half the frequency range specified in the datasheet. (Yes, that’s
right, half.) Some are worse, depending on the balun’s topol-
ogy and sensitivity to load parasitics, such as capacitance.

This is probably the most misunderstood parameter about
baluns since they are optimized without load parasitics in an
ideal impedance situation. In other words, they are character-
ized with a network analyzer.

Return loss is the balun’s mismatch of the effective imped-
ance of the secondary’s termination as seen by the primary.
For example, if the square of the ratio of secondary to primary
turns is 4:1, one would expect a 50-Q impedance to be reflect-
ed onto the primary when the secondary is terminated with
200 Q. However, this relationship is not exact.*

To determine the reflected impedance on the primary
changes with frequency, find the return loss at the center fre-
quency specified for the design. This example uses 110 MHz.
Zo is found not to be 50 ) as assumed for an ideal transformer.
It is lower, as found in Equation 3:

Return loss (RL) =-18.9 dB at 110 MHz = (1)
20*1og[(50 - Z0)/(50 + Zo)]

107(-18.9/20) = (50 - Z0)/(50 + Zo)  (2)

Z0=3980Q (3)

Next, ratio the primary Zo found in Equation 3 and second-
ary ideal impedance. Do the same for the primary ideal and
solve for the real secondary impedance:

Z(prim reflected)/Z(sec Ideal) =

4
Z(prim Ideal)/Z(sec reflected) )
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39.8/200 =50/X (5)

Solving for X:

X=251Q (6)

This example proves a 251-Q differential termination
should be present on the secondary to reflect a 50-( load on
the primary. Otherwise, the preceding stage in the signal chain
ends up driving a heavier load (~40 Q). This leads to more
gain in the preceding stage.

More gain and misrepresented load conditions then lead to
more distortion that the high-speed converter will “see;” limit-
ing the system’s dynamic range. In general, as the impedance
ratio goes up, so does the variability of the return loss. Keep
this in mind when you’re designing a “matched” front end
with a balun.

Magnitude and phase imbalance are the most critical per-
formance characteristics when considering a balun. These
parameters provide a good measure of how each single-ended
signal is off from the ideal: equal in magnitude and 180° out of
phase. These two specifications give the designer a perspective
on how much signal linearity is being delivered to the convert-
er when a design calls for high (+1000 MHz) IF frequencies.
In general, the more they deviate, the worse the degradation in
performance can be expected.

Stick to those transformers or baluns that publish this infor-
mation in the datasheet as a start. If the information is not
present in the datasheet, it may not be a good choice for this
high-frequency application. As frequency increases, the non-
linearities of the balun also increases, usually dominated by
phase imbalance, which translates to worse even-order distor-
tions (mainly second harmonic or H2) as seen by the high-

MEASURED PERFORMANCE MATCHING

VERSUS THREE FRONT-END CASE DESIGNS
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3. This plot of bandwidth matching shows the differences obtained

with different front-end network values.

speed converter. Even three degrees of phase imbalance can
significantly degrade performance in spurious-free dynamic
range (SFDR). Don’t be quick to blame the converter. Look at
the front-end design first if the expected datasheet spurious is
way off, especially H2.

There are some solutions, though, to combat against second
harmonic distortions. When using a balun at higher frequen-
cies, try using multiple transformers or baluns in a cascaded
fashion. Two or sometimes three baluns can be used to help
convert the single-ended signal to differential adequately
across high frequencies (Fig. 1). The downside is space, cost,
and insertion loss.>

The other suggestion is to try different baluns. Better single-
solution baluns are out there from Anaren, Hyperlabs, Marki
Microwave, Minicircuits, and Picosecond, to name a few.
Their patented designs use special topol-
ogies allowing for extended bandwidth
in the gigahertz region, providing a high
level of balance that only employs a single
device. In some cases, they’re smaller
than the standard ferrite footprints com-

Bandwidth (-3 dB) 3169 MHz 3169 MHz 1996 MHz monly used today.
4 Not all baluns are specified the same
Pass-band flatness 23448 201dB 3.07 dB P
(2-GHz ripple) way by all manufacturers, and baluns
SNRFS af 1000 MHz 58.3 dBFS 58.0 dBFS 58.2 dBFS with apparently similar specifications
may perform differently in the same sit-
SFDR at 1000 MHz 74.5 dBc 74.0 dBc 77.5 dBc uation. The best way to select a balun for
HOM3 o 1000 MHz| —74.5dBc/-83.1 dBc | —77.0dBc/~740dBc | —77.5dBo/-85.6ape | e designis to collectand understand
the specs of all of the baluns being con-
Inputimpedance 460 4550 44.40 sidered and request any key data items
at 500 MHz ' ‘ 5
not stated on the manufacturer’s data-
Input drive +15.0 dBm +12.6 dBm +10.7 dBm sheets. Alternatively, or in addition, it
at 500 MHz ' ' '

may be useful to measure their perfor-
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Inverting DC/DC Controller Converts u

Positive Input to u

Negative Output with a Single Inductor — Design Note 523

Duvid Burgoon

There are several ways to produce a negative voltage
from a positive voltage source, including using a
transformerortwoinductorsand/or multiple switches.
However, none are as easy as using the LTC®3863,
whichiselegantinits simplicity, has superior efficiency
at light loads and reduces parts count compared to
alternative solutions.

Advanced Controller Capabilities

The LTC3863 can produce a—0.4V to —150V negative
output voltage from a positive input range of 3.5V to
60V. ltuses asingle-inductortopology with one active
P-channel MOSFET switch and one diode. The high
level of integration yields a simple, low parts-count
solution.

The LTC3863 offers excellent light load efficiency,
drawing only 70pA quiescent current in user-pro-
grammable Burst Mode® operation. Its peak current
mode, constantfrequency PWMarchitecture provides
positive control of inductor current, easy loop com-
pensation and superior loop dynamics. The switching
frequency can be programmed from 50kHz to 850kHz
with an external resistor and can be synchronized to
anexternal clock from 75kHzto 750kHz. The LTC3863
offers programmable soft-start or output tracking.

Safety features include overvoltage, overcurrent and
short-circuit protection, including frequency foldback.

-5.2V, 1.7A Converter Operates from a 4.5V to
16V Source

The circuit shown in Figure 1 produces a -5.2V, 1.7A
outputfroma4.5V-16Vinput. Operationis similartoa
flyback converter, storing energy in the inductor when
the switch is on and releasing it through the diode to
the output when the switch is off, except that with
the LTC3863, no transformer is required. To prevent
excessive current that can result from minimum on-
time when the output is short-circuited, the controller
folds back the switching frequency when the output
is less than half of nominal.

The LTC3863 can be programmed to enter either high
efficiency Burst Mode operation or pulse-skipping at
light loads. In Burst Mode operation, the controller
directs fewer, higher current pulses and then enters
a low current quiescent state for a period of time
depending on load. In pulse-skipping mode, the
LTC3863 skips pulses at light loads. In this mode,

A7, LT LTC, LTM, Linear Technology, the Linear logo and Burst Mode are
registered trademarks of Linear Technology Corporation. All other trademarks
are the property of their respective owners.
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Figure 1. Inverting Converter Produces -5.2V at 1.7A from a 4.5V to 16V Source
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the modulation comparator may remain tripped for
several cycles and force the external MOSFET to stay
off, thereby skipping pulses. This mode offers the
benefits of smaller output ripple, lower audible noise
and reduced RF interference, at the expense of lower
efficiency compared to Burst Mode operation. This
circuit fits in about 0.5in2 (3.2cm?2) with components
on both sides of the board.

Figure 2 shows the switch node voltage, inductor
current and ripple waveforms at 5V input and 5.2V
outputat 1.7A. The inductor is charged (current rises)
whenthe PMOSFET is on, and discharges through the
diode to the output when the PMOS turns off. Figure 3
shows the same waveforms at 70mA out in pulse-
skipping mode. Notice how the switch node rings out
around 0Vwhentheinductor currentreacheszero. The
effective period stops when the current reaches zero.
Figure 4 shows the same load condition with Burst
Mode operation enabled. Power dissipation drops by

25 Aglient Tachnologies THU L 75 (95642 7013
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Figure 2. Switch Node Voltage, Inductor Current and
Ripple Waveforms at 5V Input and -5.2V OQutput at 1.7A
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Figure 3. Switch Node Voltage, Inductor Current and
Ripple Waveforms at 5V Input and -5.2V Qutput at 70mA
in Pulse-Skipping Mode
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31% at this operating point, and efficiency increases
from 74% to 80.5%. At 12V input, the 45% reduction
in dissipation is even more dramatic.

High Efficiency

Figure 5 shows efficiency curves for both pulse-skip-
pingand Burst Mode operation. Exceptional efficiency
0f 85.2% is achieved at 1.7A load and 12V input. Note
how Burst Mode operation dramatically improves
efficiency at loads less than 0.2A. Pulse-skipping
efficiency at light loads is still much higher than that
obtained from continuous conduction.

Conclusion

The LTC3863 simplifies the design of converters
producing a negative output from a positive source.
It is elegant in its simplicity, high in efficiency, and
requires only afew inexpensive external components.

o5 Agliemt Technologhes THU L 75 09:3817 2013
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Figure 4. Switch Node Voltage, Inductor Current and
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mance using a network analyzer or on the system board in
front of the high-speed ADC.

Finally, when using a single-balun or multiple-balun topol-
ogy, layout plays an equally important role in phase imbal-
ance as well. Keeping performance optimized at higher fre-
quencies means keeping the layout as symmetric as possible.
Otherwise, slight mismatches in traces on the front-end
designs that use a balun can be proven useless, including
dynamic range limiting.

FRONT-END MATCH

First off, the word “match” is a term that should be used
wisely. It is almost impossible to “match” a front end at every
frequency today with 100-Msample/s converters, let alone
over a band that’s greater than 1000 MHz. The term match
should be positioned to mean optimization yielding the best
results given the front-end design. This would be an all-inclu-
sive term where impedance, ac performance, signal drive
strength and bandwidth, and pass-band flatness yield the best
results for that particular application.

Each parameter, then, should have a particular weight of
importance per the application. In some cases, for example,
bandwidth (BW) might be the most important spec so other
parameters are allowed to suffer a bit if the right amount of
BW can be achieved. Figure 2 illustrates the input network
for a GSPS converter. Each resistor in the network is like a
variable. But as each of these resistor values is varied to cre-
ate essentially the same input impedance, the performance
parameters will change (see the table).

The impedance matching network is roughly the same, but
the yielded results between these three examples are different
across the measured parameters needed to design the front-
end network. The match here is the best result for all the
parameters involved where in this case more than 2.5 GHz of
BW was required. This narrows the choices down to Case 1
and 2 (Fig. 3).

Case 2 would be more desirable for two reasons. First, the
passband flatness only has 2 dB of ripple across the 2-GHz
region. Second, the input drive is 3 dBm less than Case 1.
This constrains the RF gain less further up the signal chain
to achieve full scale of the high-speed converter on the pri-
mary of the balun. Case 2 appears to be the best “match” in
this example.

SUMMARY

GSPS converters offer ease of use in theory when it comes
to sampling wider bandwidth to cover multiple bands of
interest or relieve a mix down-stage on the front-end RF strip.
However, achieving bandwidth in the +1-GHz range can pose
challenges to designing a high-performance converter front-
end network.

GO TO ELECTRONICDESIGN.COM

Keep in mind the importance of specifying a balun where
phase imbalance will become important in what the high-
speed ADC understands as optimal second-order linearity,
for example. Even when a balun is chosen, don’t throw away
its performance by using poor layout techniques, and be wary
about matching the network properly. Many parameters must
be met to satisfy the “match” for your particular application. &8l
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Circuit Meets Challenges Of Fast,
High-Current NiCd Charging

ROBERT VILLANUCCI AND JOSEPH DIECIDUE | WENTWORTH INSTITUTE OF TECHNOLOGY, BOSTON, MASS. villanuccir@wit.edu, dieciduej@wit.edu

BATTERIES BASED ON the nickel-metal-hydride (NiMH) and
lithium-ion (Li-ion) chemistries have largely replaced the
older nickel-cadmium (NiCd) battery in many of today’s
applications. Still, NiCds are the preferred choice when high
discharge currents and a rapid recharge cycle (between one
and two hours) are principal concerns.

Precautions must be taken, however, when you try to
recharge a standard NiCd cell “fast” at current levels that
approach or exceed the rated capacity of the battery (called
its C-rating). As the battery becomes fully charged, these
high-current levels (at 1C or higher) cause a rapid increase
in electrochemical reaction (oxidation/reduction) within the
cell, with a corresponding rapid increase in both internal cell
pressure and temperature.

Therefore, as the cell approaches or exceeds 100% capacity,
the high charging current must be reduced or the cell’s over-
charge safety vent may open, causing gasses to escape with a
possible loss of electrolyte. Additionally,
repeated overcharging could degrade the

Equation 1 describes this differential-temperature-to-charg-
ing-current system:

Loy —(—120?—?)%” +600mA (1)

Figure 1a represents the differential temperature-to-charg-
ing current system to be designed. Its main elements are a
differential temperature-to-voltage converter and a voltage-
to-high-current converter.

Temperatures Ty and T, are monitored separately by stan-
dard negative-temperature-coefficient (NTC) thermistors (10
k() at 25°C) with corresponding resistance values of Ry gy and
Ry(a), respectively (Fig. 2). Both sensor output voltages, V and
V,, are then applied to the inputs of a basic passive adder cre-
ated by R2 and R3. At Ty = T, = 20°C (i.e., Tpjpp = 0°C) Vp =
+2.75 V and V, = -2.75 V, the passive adder’s output voltage is

Tpipe-to-lcy converter

cell’s life—the useful number of charge/ ey
discharge cycles—or even render it per- Tp =20°C—>1 600 600 mA (i.e., 1C)
manently useless. mA

One way to avert the potential damage Tore =T = Ta 500 = lon
that can result from repeated cell over- 7 T
charging at high currents is to monitor .8 . —° A(‘)oc 5°C 0A
the differential temperature Tppp = T - a. EOCT —25°¢
;TA be(?l\:ve)en tc}lle balz'fer);’stsurface Iemp(e’;a; Tpjpe-to-Vy converter Vq-to-high-current converter
ure (Tp) and ambient temperature (T
and proportionally reduce or “taper” the 0°C oV len 600 mA
charging current Iy as the differential ?n%) (i.e., 1C)
temperature increases. T o TooT. — VT; |

Consider a design that must convert DIFFZTB A o
a differential temperature rise (battery Vr 0 mA
surface temperature above ambient) that X S T1zmv -125mV 0mV 0A

. C.

ranges from 0°C to 5°C into a charging
current that decreases proportionally
from a maximum current level of 1C to
0 A. If the rated capacity of an AA cell
equals 600 mAhr, then 1C equals 600 mA.
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1. There are three critical equations and associated graphs for this design. Equation 1 shows
the relationship between the differential temperature Tprr and the charging current Iy (a),
which leads to a single-ended control voltage (V1) that is inversely proportional to Tprr as
the output of the passive adder (b), and concludes with Equation 3, which relates Igy to Vy (c).
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R
2. The voltage outputs corresponding to 1 @)
thermistor resistances Ry and Ry, are /TB—’\/_’ 7

summed in passive adder IC1. This output  20°C

difference varies from -125 mV to 0 V as the AtTy= _’R
. o o 20°C TIA)Y
temperature rises from 0°C to 5°C. 12.26k

given by single-ended control voltage V=
(Vo +Vp)/2=(-2.75V +2.75V)/2 =0 V.

When Tfp rises to 25°C due to the initial high charging cur-
rent of 600 mA and T, remains constant at 20°C (Tpgg = 5°C),
the sensor voltage Vg = +2.50 V and V,, = -2.75 V while control
voltage Vi = (V4 + Vp)/2 = (-2.75V + 2.50 V)/2 = -0.125 V. As
a result, the output of the passive adder produces a value for V.
that is inversely proportional to Tpgg (Fig. 1b):

V. - (— 25mvV

o C )(TB - TA) (2)

The voltage-to-high-current converter circuitry around
IC1, whose output current is directly proportional to V1, has
both scale and offset capabilities and therefore can be designed
to deliver the needed charging current Iy to the battery (Fig.
Ic). Circuit performance is described analytically by:

I = (4%)\4 +600mA  (3)

Before proceeding, we can check the validity of this design by
convolving Equation 2 with Equation 3 to reproduce Equation 1:

+600 mA =

4. 8A\[-25mV
_)[ (TDIFF )

ICH:(V o

(—120‘:1—?)TDIFF +600 mA

(1-3)

Begin the design implementation with Tpgr at 0°C where
V1 =0 V. Vg is chosen to equal 1.25 V, the maximum charg-
ing current is set at 600 mA, and the Rggy resistor value is
determined by letting Rggr = Vsgr/Icy = 1.25 V/600 mA =
2 Q (2 W). When the differential temperature Tpygg rises to
5°C and V- = =125 mV, the value of Vgpy will have linearly
decreased to 0V, causing Iy to drop to approximately 0 A,
terminating the high-current charge. The performance equa-
tion for this voltage-to-high-current converter is given by.

1+ Ry (R
Vser (1+R5+R7)VT (RSJVREF (4a)

However, dividing both sides of the equation by Rggr yields
the more useful form for design:

GO TO ELECTRONICDESIGN.COM

+Vs

NiCd cell or
battery pack

Ver = 1210 1.8V

Thermistor in thermal contact with cell 3

[l =1¢= 600 mA

Q1
2N3053

~— Vegr

How

(4b)

ICH

:h:(l+&+&)V_T_(Rs)h

Rggr R, R Ry (R )Ry

Final component selection for this converter is accom-
plished by comparing both offset and scale terms of the design
equation (Equation 3) with the converter’s corresponding per-
formance equation terms in Equation 4b. Set feedback resistor
R6 to 100 kQ, 1% and equate offset terms in Equation 5. Then
solve for the value of R5 by choosing -5 V for Vygp.

_(&)Vﬂ —600mA  (5)
RS ET

The calculated value of R5 (416.67 kQ) is approximated by
choosing a standard 412-kQ), 1% resistor. Finally, calculate the
value of R7 by comparing scaling terms in.

(14-&4-&) 1 =(ﬁ) (6)
Ry Ry )Ry \4

The calculated value of R7 is 11.96 kQ, which can be satis-
fied with a standard 12-kQ, 5% resistor. Circuit performance
was simulated and verified by laboratory measurement over
multiple charge/discharge cycles. &7
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It Takes A WaRPed Mind

To Design Wearable Tech

earable tech was all the rage at this year’s
International CES. Smartwatches, wire-
less pedometers, and other gadgets all
were integrating multiple functions into
mobile devices. The fitness market led the way, but smart
glasses like Google Glass have garnered more attention.

The plethora of low-power sensors and low-power, flexible
displays opens up a wide range of design possibilities from
medical sensors to augmented reality. The challenge for this
type of design is that it is not easy to assemble the required
components because of space and power constraints. So how
does a designer turn an idea into a wearable device?

Freescale’s 38-by 14-mm Wearable Reference Design
(WaRP) application processor board
(APB) allows designers to incorporate

linked to a Freescale pedometer sensor and wireless charging
system (see the figure).

The module is not designed to be incorporated into a prod-
uct. Rather, a typical design will have a custom board that
would include many or all of the components in the APB. Free-
scale developed the platform with partners like Kynetics and
Revolution Robotics. They provide rapid prototyping support
and help create the WaRP hybrid design architecture.

Wearable tech can be very small using tiny micros like
Freescale’s 1.9- by 2-mm KL02 Cortex-MO0+ or even working
directly with the silicon. Silicon Labs will even sell you die
directly. This makes it possible for many applications to sim-
ply disappear inside clothes and jewelry. &=l

The WaRP is based on a Cortex-A9 i.MX

Electronic
a 1-GHz i.MX 6SoloLite into a compact paper LD 6SoloLite, but it may be combined with other
design. It includes the Cortex-A9 sys- (ETg']S';l(%{:” processors like the Cortex-M0-based sen-
tem-on-chip (SoC) plus Bluetooth and f(?o"l'"Ahlh{gef)Y sor hub.
802.11 Wi-Fi communication, a six-axis singiercet Ao Touch interface |
accelerometer and magnetic sensor, and I I
a lithium-polymer (LiPo) battery char- MIPI LCD Electronic | Freescale Wearable |
. . Power (Solomon Systech| | connector CIpclper Reference Platform | 8
ger. Its USB interface also can provide management SSD2805C) isplay main board 8
power. The module includes drivers for | [(Maxim MAX77696) I EEmEEe S
. . | RGB
LCD or E-ink ¢-paper dlsplaYS- . Three-axis accelerometer _g
To keep the module small, Freescale Micro USB USB  MX6SL spi Three-axis magnetometer | |
(FXOS8700CQ) 2
takes advantage of a Samsung MCP that -
o
has 4 Gbytes of double-data-rate (DPR) Bluetooth/Bluetooth | \y AN/ =
memory plus flash memory. Combin- Arm Cortex-A9 low energy
Memory — DDR2 UART Bluetooth 4.0
ing multiple die into a single package LPDDR2 and eMMC - (Murata
1-ri
like this is one way to keep wearable KMEE\%Q&AAFQW) —SPIO SDIO L U7
devices small. The system also runs
Android, which provides a high level Freescale Wearable [
of functionality, though the hardware Reference Platform | .2
th U8 N Hub sensor MCU daughterboard 8
platform can handle a range of operat- (Kinefis KL16) 5
ing systems. )
The WaRP module can plug into a | 38
daughterboard that provides additional Mofion sensing I _*g
peripherals, displays, and connectors. pedometer charging 3
One of the first daughterboards incor- (MMA9553) Buton T Bution 2
porates Freescale’s KL-16 sensor hub

60

FEBRUARY 2014 ELECTRONIC DESIGN


mailto:bill.wong@penton.com

New Products

Elastomer Socket Targets High-Speed SOICs
OPERATING AT bandwidths up fo 10 GHz with less than 1-dB
insertfion loss, Ironwood Electronics’ SG-SOIC-3005 socket is
infended for 0.5-mm-pitch, 10-pin small-outline integrated
circuits (SOICs). It consists of low-inductance, gold-plated
embedded wire on elastomer as an
inferconnect material between the de-
vice and printed-circuit board (PCB). It
measures 3 by 3 by T mm, with a 5-mm
lead fip fo tip with an exposed pad on
the bottom. Its small footprint allows for
very close placement of inductors,
resistors, and decoupling capacitors
to the device for impedance ftuning.
Contact resistance is typically 20
mQ per /0. Operating femperature
ranges from -35°C to 100°C. Pin
. & self-inductance is 0.15 nH, with
mutual inductance of 0.025 nH.
Current capacity is 2 A per pin.The socket mounts onto
the target PCB with supplied hardware. No soldering is re-
quired. ICs can be changed out quickly thanks fo a swivel
lid with compression screw.
IRONWOOD ELECTRONICS INC.

www.ironwoodelectronics.com

Rugged Switch Solutions

Shrink GbE Connectivity Costs

ACCORDING TO Curtiss-Wright Controls Defense Solutions, its
SMS-652 Rugged Switchbox line-replaceable unit (LRU) and
VPX3-652 Gigabit Ethernet (GbE) Switch line-replaceable-
module (LRM) solutions significantly reduce the cost of
adding network connectivity info new and legacy de-
fense platforms.The 7.75- by 9.2- by 2.5-in. MS-652 is a fully
MiL-qualified, standalone 16-port GbE switch LRU for size,
weight, power, and cost (SWaP-C) constrained environ-
ments, fargeting airborne communications systems, sensor
datfa acquisition, and data-processing applications on
limited-space platforms such as UAVs. Its switching fabric
provides non-blocking wire-speed gigabit performance for
16 ports of 10-, 100-, or 1000-Mbit/s Ethernet connections.
The VPX3-G52 offers up fo 20 ports of copper Ethernet con-
nectivity in a single 3U slot, and it includes IPMI functionality
for system-level health management. Applications include
space-constrained command, control, communications,
computers, intelligence, surveillance, and reconnaissance
(C4ISR) and electronic warfare subsystems to support
network communications within the subsystem, as well as
connect externally to other subsystems within the platform.
CURTISS-WRIGHT CONTROLS DEFENSE SOLUTIONS
www.cwcdefense.com
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WE BUILD
SUPERIOR QUALITY
INTO EVERYTHING
WE MAKE...

AND WE MAKE
EVERYTHING WE SELL.

Our components fit like they were made for
each other. That's because they were.

The exceptional quality found in every Mill-Max Interconnect
product results directly from the control we exercise over
every step of the manufacturing process. From the receipt of
raw materials to the shipping of finished components, each
operation is performed in-house to the highest standards

for quality and precision in the industry. You can depend on
Mill-Max interconnects to -
mate perfectly and perform

reliably. . .every time. See the

whole Mill-Max story at

. . Mill-Max is North America’s largest
www.mill-max.com/videos. manufacturer of machined-pin interconnects.

Maximum Quality.

©2014 « MILL-MAX MFG. CORP. + 190 PINE HOLLOW ROAD - OYSTERBAY,NY 11771
PHONE: (516) 922-6000
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New Products

Three-Phase BLDC Motor-Driver DSC Family Adds Higher Integration

Eval Kit Instantly Spins Motors Levels For Motor Control

BY INCLUDING on-chip Hall commutation and an innovative SPEED A NEW family of dsPIC33 digital signal controllers
control input, Allegro Microsystems’ evaluation kit for its A4915 (DSCs) helps boost the efficiency of dual motor
three-phase MOSFET controller IC makes it easier fo "spin” a motor. control by leveraging 12 motor-control pulse-width-
The SPEED input fakes an analog voltage and generates a pulse- modulation (PWM) channels (six pairs), dual 12-bit
width-modulated outfput with variable duty cycle. The combination analog-to-digital converters (ADCs), multiple 32-bit

of control interface with on-chip Hall commu-
fation enables efficient control of a brush-
less dc (BLDC) motor with little or no

microprocessing power. Six gt
N-channel power MOSFETs
mounted on the kit supply
30-A peak and 20-A nominal run
current at room temperature. For
larger loads, the A4915 has jump-

quadrature encoder inferfaces, and two controller
area network (CAN) modules. With such infegra-
fion, Microchip’s dsPIC33EP512GM710 DSCs can
independently control two motors with a single
MCU.The devices also can serve as a communica-
fion hub for automotive or industrial applications to
connect with multiple CAN buses. Each device sup-
ports 512 kbytes of flash, 48 kbytes of RAM, and four
op amps.The two ADC modules can be configured

ot

ers that disable the onboard bridge as well as connections to add as 10 bits, 1.1 Msamples/s with four sample-and-
an external bridge. An onboard 5-V regulator creates the second- holds, or 12 bits, 500 ksamples/s with one sample-
ary supply for logic inputs. The kit, fargeted at the industrial and and-hold, supporting up fo 49 channels. A periph-

consumer markets, is available for the 28-pin thin-shrink small-outline  eral trigger generator (PTG) schedules complex,
package (TSSOP) with exposed thermal pad and 28-contact 5- by high-speed peripheral operations, saving software

5-mm quad flat no-lead (QFN) with exposed thermal pad. cycles and reducing firmware complexity.
ALLEGRO MICROSYSTEMS LLC MICROCHIP TECHNOLOGY CORP.
www.allegromicro.com www.microchip.com/get/V37V
— — 401011010
Ilog Go With The Best In Motor Control!
Embedded in Life C
AnEIIXYS Company 9101101010111011

Ziloi °IVI°”f ’f Control Solutions

BLD Universal Stepper 3-Phase/Single-Phase BLDC Sensor 7

and Motor AC Induction and PMSM and
Brushed DC Motor Control Control Motor Control Sensorless Motor Control

Permanent Magnet Synchronous Motors

Z8 Encore! FO83A Series (28-Pin)  Z8 Encore! XP F1680 Series (28-Pin) Z16FMC Series Motor Control Z8FMC16100 Series Motor Control
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DirectConnection

Catalog Literature
Review

HIGH PERFORMANCE SOCKETS
& ADAPTERS

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

Ironwood Electronics
1335 Eagandale Court
Eagan, MN 55121

T: 800-404-0204

F: 952-229-8201

www.ironwoodelectronics.com

IR’s Highly Compact 10A AUIR08152S Gate Drive IC Shrinks Automotive

High Current Switching Systems While Boosting Performance
IR announces the highly compact AUIR08152S automotive-qualified
gate drive IC featuring high output current in excess of 10A that shrinks
system size and boosts performance in automotive and industrial high-

power switching applications.

The AUIR08152S buffer gate driver enables the use of any standard
low current gate driver, opto-coupler or CMOS isolator to drive large
size IGBTs or MOSFETs in switching applications and efficiently boosts
any low or under-powered gate drive into a high current drive system.
Available in a compact SO8 package, the highly integrated buffer IC can

replace up to 10 discrete components for simpler, smaller and more robust system design.

The new device’s very low output impedance and power losses permit operation in harsh and high temperature
environments. The AUIR08152S additionally features negative Vgs driving and continuous on-state capability as
aresult of an integrated PMOS output in parallel to the high-side pull-up NMOS. The OUTH and OUTL separated
outputs allow selection of two different external resistors for charging and discharging the gate essential for
controlling EMI and CdV/dT effect in high power motor driver and SMPS applications.

The device is qualified according to AEC-Q100 standards, housed in an industry standard SO-8 package
that features an environmentally friendly, lead-free and RoHS compliant bill of materials and is part of IR's

automotive quality initiative targeting zero defects.

More information is available on the International Rectifier website at
http://www.irf.com/whats-new/nr131205.html
For more information, contact Sian Cummins,
scummini@irf.com, 310-252-7148.

4 OTTER

COMPUTER INC.

Since 1989

Best Quality ! Best Price

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

High Performance - 10 GHz Socket Technology
SG-BGA-8019 is constructed with high performance

and low inductance elastomer. The
temperature range is -40 C to
+100 C. The pin inductance is
0.15 nH. Capacitance to ground
is 0.10 pF. Current capacity is
2A per pin. This elastomer socket
technology, applicable for BGA
pitches from 0.3 to 1.27mm,

allows these pitch BGA’s to operate to over 10 GHz
without significant contactor loss.

Ironwood Electronics, Inc.

1335 Eagandale Court
Eagan, MN 55121

T: 800-404-0204 « F: 952-229-8201

WWW.OTTERUSA.COM Email: info@ironwoodelectronics.com
Web Site: www.ironwoodelectronics.com
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LabBench
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RoboCop Returns

With An Eye On Realism

oboCop gets a

reboot in 2014

with the new film
directed by José Padilha
and starring Joel Kinna-
man as Alex Murphy, the
man inside the machine
(Fig. 1). For those who
missed the 1987 iteration
starring Peter Weller, Alex
Murphy is a policeman
who is murdered and then
revived by Omni Consum-
er Products (OCP), a rather malevolent mega-corporation. I've
seen the original many times and look forward to the remake,
set in 2028, because there are a few things I want to check out
after talking with Martin Whist and Jamie Price.

MOVING CLOSER TO REALITY

As production designer, Whist was responsible for the over-
all feel of the movie. He has a long track record including films
like the sci-fi hit Super 8 directed by J.J. Abrams. He and his col-
leagues did a good bit of research into what is now on the draw-
ing board for everything from super soldiers and police to what
might be in the kitchen in 2028.

The challenge was to deliver something that was not only
slick and compelling but also realistic since 2028 is right around
the corner. Of course, this is a movie and presentation some-
times trumps realism. But the technology
generally is on track, so engineers can
enjoy the film even when they’re viewing it
with a technically critical eye. For example,
graphene-based armor is being consid-
ered now because of its strength and light
weight. There are production challenges
when working with graphene, but they
may be overcome by 2028.

Computer interfaces from 3D gesture
recognition to transparent heads-up dis-
plays (HUDs) are in the mix as well in the

new RoboCop. They are also in use now. see the final product.

64

1. The EM-208 RoboCop looks slick with a few internal sections removed from
the armor by the special effects department.

2. The ED-209 was primarily a CGl creation
that actors had to imagine, but viewers will

At the 2014 International
CES, Intel announced its
RealSense including new
3D camera technology
and an updated Perceptual
Computing SDK. HUDs
are creeping into high-end
2014 automobiles too.
Martin’s job isn’t easy

since he must tie in all
aspects of the environment,
from motorcycles to kitch-
ens, as well as monstrosities
like a large robot that had to be virtualized.

ROBOCOP VIRTUALIZATION

Price was the VFX director for RoboCop. He led a team that
turned Martin’s and José’s vision into the final film. This took a
little bit of work when it came to the robots.

The ED-209 is a large robot in the film, so it was completely
done using computer generated imagery (CGI) when it was
moving (Fig. 2). The challenge was in creating an “eerieness”
that combines familiar human proportions and movement while
retaining the sense of massiveness. The robots have a more con-
vincing gait so they don’t look like they would just fall over.

The producers created an aluminum bar as a stand-in for
the ED-209 so the actors had something to look at. Animation
replaced the bar in the final cut. VEX techniques have improved
significantly, so the director was not as lim-
ited by the production technology.

The EM-208 robot was created using
a spectrum of visual effect techniques. It
always started with Kinnaman, but almost
every shot has some augmentation of the
suit. Typically, these additions to the shots
included moving robotic parts or negative
space in the joints. These enhancements are
more akin to the robots we have today ver-
sus the space needed for a human elbow. Of
course, implementing the action scenes also
required a bit of creativity. Bl
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“Supetinductors”

That’s what engineers are calling our
new ultra-low DCR power inductors

Superconductors pass current
with virtually no resistance.

Our new XAL/XFL inductors
do much the same. Their DCR is
incredibly low: often half that of
similar size parts.

And their current handling
is equally impressive. Coilcraft’s
proprietary core material has a
soft saturation characteristic that

Competitors’ 4.7uH inductors
have much higher DCR per mm?
than Coilcraft's XAL5030.

WWW.COILCRAFT.COM

prevents drastic inductance drops
during current spikes.

Unlike competitive parts,
these inductors don’t suffer from
thermal aging. And we give you
far more footprint options to
maximize PCB density.

To see what else makes our
new XAL/XFL inductors so super,
visit coilcraft.com/xal.

\&/ wilcrafidirect com

@® @ No min order. Next day delivery.


http://coilcraft.com/xal
http://www.coilcraft.com
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Module Regulator with
READ/WRITE Telemetry

Dual 13A, Single 26A pModule Regulator for up to
100A Output with Digital Power System Management

Take control of your power. Digital control and monitoring of system power with the LTM®4676 (16mm x 16mm X 5.01mm
BGA) eliminates PCB layout and circuit changes. This accelerates system characterization, optimization and data
mining during prototyping, deployment and field operation. With the LTM4676’s serial digital interface, system
designers and remote operators can command and supervise system power conditions and consumption.

Excollon Curent Sharing and

) Thermal Balance
¢ +19% Maximum Total DC Output Error (12Vyy;, 1.0Voyr, 100A, 300 LFM) www.linear.com/product/LTM4676

(over Temperature) 1-800-4-LINEAR

e +2.5% Current Read Back Accuracy
at 10A (over Temperature), without
Sense Resistors

e Precision 16-bit AS ADC

Readable Data:
e Temperature, Vour, Iinv lout
o Peak Values, Faults and Warnings ey I L (7 G S
USB I’C/PMBus LTM4676
e Fault Log Record Dongle DC1B13A Demo Board g -0
Writable Data: Comestor
° VOUT’ IOUT’ Sequencnlg and Marglnlng AT, LT, LTC, LTM, Linear Technology, the Linear logo and uModule
istered trademarks of Linear Technology Corporation.
L4 SOft—Start/ Stop RampS ;11;? other trademarks are g/i:e l;ri;rerg/ of ﬂu"# re.g;gglxe %:mers,


http://www.linear.com/product/LTM4676
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