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Highest Impedance Finder

= Lise this ool o find the RF inductor with the highest impedance a1 a specfic frequency.
= Erter your operating requency and any olher requirements, then press GO.
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The best inductor
selection tools.

Inductance at Current Finder

= Find power inductors that have the actual inductance value you need al 8 speciic curmerd
= Enter your deswed inductance value and curment, then press GO,
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RF Inductor Finder Results
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BERE & e this tooi to find the RF inductor with the Pighest Q factor at a specific frequency
A5 winding by ® Enter your inductance vakue and operating frequency, then press G
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Your List of Samples
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Now in a handy
ocket size.
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DirectFET®

Select The Best MOSFET Pair to
Meet Your Power Density Needs

Scalable Solutions for DC-DC Buck Converters

The IR Advantage
BV RDS(on) Max. O'G L L
Part Number Bss  Function Package V=10V V, =45V * Optimized Sync and Control MOSFETS for
(v) (mQ) (nC) high system efficiency
] e High light-load efficiency
IRFH5306 30 Control High Current PQFN 5 x 6 8.1 7.8
IRFH5302 30 Sync High Current PQFN 5 x 6 2.1 29 * Improved thermal performance with
I X . . E J
v e DirectFET® top-side cooling
IRFHM831 30 Control PQFN 3x3 7.8 13 . .
e Scalable solutions for different power
IRFHMB830 30 Sync PQFN 3x3 38 15 density requirements
IRFHM830D 30 Sync PQFN 3x3 43 13 e Benchmark performance
Control Bri i 8.6 8.3 * Wide range of packages
IRFH7911 30 Half Brgig:’\f;yénmetnc ge 0T packag
Sync X 3.0 34
IRLR8729 30 Control D-Pak 8.9 10
IRLR8726 30 Sync D-Pak 5.8 15 Your F|RST CHO\CE
IRF8714 30 Control S0-8 8.7 8.1 for peﬂormal\ce
IRF8734 30 Sync S0-8 35 20
Control _Bri i 15.5 5.7
IRF8513 20 Half-Bridge Asymmetric
Sync S0-8 12.7 76

for more information call 1.800.981.8699 or visit us at www.irf.com
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are common in e-readers today but can be used for
much more.

ASKTHE EXPERT

Join Contributing Technical Expert Dave Van Ess
in our forums as he responds to your questions with
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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.
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InfiniiVision 2000 X-Series
70 to 200 MHz

erial decode options*
w 5-year warranty
Starting at $1,258**

InfiniiVision 4000 X-Series InfiniiVision 3000 X-Series
200 MHz to 1.5 GHz 100 MHz to 1 GHz

12.1-inch touch screen 8.5-inch display

InfiniiScan Zone touch triggering Update rate to 1 million wfms/s
Update rate to 1 million wfms/s Memory depth up to 4 Mpts
Memory depth up to 4 Mpts Starting at $2,929**

Starting at $5,611**

Oscilloscopes Redefined. With its brilliant 8.5-inch screen, fast update rate, full
upgradability and 5-in-1 instrument integration, the Agilent 2000 X-Series oscilloscope
is already first in class. Now with more memory depth, new serial decode options and
5-year warranty, it's accelerating ahead. Experience the complete InfiniiVision line for
oscilloscope features and performance you need at prices that will surprise you.

Agilent and our
Distributor Network

See the InfiniiVision
Right Instrument. X-Series oscilloscopes

Right Expertise. . s | 800-433-5700 : :
Delivered Right Now. ! ) www.alliedelec.com/agilent www.alliedelec.com/lp/agilentscopes/

See avideo demo.
Scan or visit
http://qrs.ly/992zypm

© Agilent Technologies, Inc. 2013 *I2C, SPI, CAN, LIN, RS§232, UART **Prices are in USD and are subject to change
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Infinite Designs, One Platform
with the only complete
system design environment

I

NI LabVIEW is the only comprehensive development environment with the

unprecedented hardware integration and wide-ranging compatibility you need to meet
any measurement and control application challenge. And LabVIEW is at the heart of
the graphical system design approach, which uses an open platform of productive
software and reconfigurable hardware to accelerate the development of your system.

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

800 453 6202

LabVIEW system design
software offers unrivaled
hardware integration and
helps you program the way
you think-graphically.

NATIONAL
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JOE DESPOSITO
Editor-in-Chief

joe.desposito@penton.com

Passive Components Still
See Ink And Innovation

hen people first learn about electron-
ics, they’re usually taught how resistors,
capacitors, and inductors interact in
a circuit. Since these components have been around a
long time, you might think there’s nothing more to say

about them and certainly not much innovation going

on. Nothing could be further from the truth. Just look at our annual list of the Top Ohmite Manufacturing’s
101 Components (p. 20) to see that fully 10% of them are passives. RW5 and RW?7 surface-
We've written about these specific products and more over the past year. For mount wirewound resis-
instance, in our new online Ask The Expert series, Tamara Schmitz, an applications tors sport a finned body
manager at Intersil, wrote about selecting components for prototypes. In particular, style that makes them a
she wrote about selecting resistors. In the photo that accompanies her article, the great fit for high-power-
resistors look like the common ones we're all used to seeing. density applications.

But Tamara also writes about a dizzying array of choices you might find at a dis-
tributor’s Web site. She notes that “they are categorized by the way they are mount-
ed: surface mount, through hole, chassis mount, array... or two others: precision or
accessories. Many designers just start clicking away and hope for pictures that can
be deciphered” You can find Tamarass full post by clicking on the Forums tab at
electronicdesign.com.

Bill Laumeister of Maxim Integrated is also writing about passives, saying maybe
they aren’t so passive after all. “These apparently passive components can, and do,
change the signal in unexpected ways since they contain parasitic portions,” he said.
JOIN US ONLINE As an example of the continuing innovation in passive components, I'll point to
fE::ecC;br:;Z l?cfgrr‘rf;f two resistors that were just introduced by Ohmite Manufacturing. These are the

: RWS5 (5 W) and RW7 (7 W) surface-mount wirewound resistors (see the figure). As

ElectronicDesign.

you might guess, their unique finned body style maximizes surface area and there-
[i fore cooling capacity and makes them a great fit for high-power-density applica-
tions. You can find a full description at electronicdesign.com. B
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Simply the Bits that Matter
AL WEGENER | Contributing Technical Expert

awegener@samplify.com

Compress Climate
And Physics Datasets

For Petascale Computing

ulticore computing results are increasingly deter-

mined by the rate at which operands are fed to

the cores and decreasingly by the speed or the
number of cores. SDRAM and flash memory bottlenecks often
slow down computations, but disk drive speeds can also deter-
mine the rate at which supercomputers deliver results.

Indeed, in high-performance computing (HPC) applications,
“time to results” can be directly related to the rate at which
numerical datasets, such as climate measurements, are read
from disk, as well as the rate at which simulation results, such as
3D physics arrays, are stored to disk drives.

TITANIC COMPUTING

Today’s supercomputers have immense computing power.
Supercomputers are ranked according to a “flops” metric that’s
calculated using the rather dated Linpack benchmark.! Every
six months, www.top500.0rg updates the list of the most power-
ful supercomputers. In November 2012, the fastest supercom-
puter in the world was the Titan supercomputer at Oak Ridge
National Labs in Tennessee, clocking in at 17.6 Pflops (17.6 x
10'® floating-point operations per second).

Titan uses Intel x86 processors and Nvidia GPUs to achieve
this prodigious calculation rate. Unfortunately, a supercom-
puter’s Linpack rating rarely predicts the performance of every-
day “codes,” as the supercomputing programmers and users call
their application-specific software.

Two application codes that require long calculation times
and generate and consume multi-petabyte
(10'8 bytes) datasets are climate and phys-
ics simulations. It's not uncommon for

mate change. Climate scientists typically begin a simulation

at a historical point where atmospheric, oceanic, and land
temperatures were once measured. These simulations combine
multiple abstracted, mathematical 3D models of the Earth’s air,
ocean, land, and ice conditions and advance the simulation one
timestep at a time.

Depending on the purpose of the climate simulation,
timestep sizes may range from minutes (weather forecasts hav-
ing a daily or weekly duration) to months (climate simulations
having 100-year durations). The output of every Nth timestep
is saved for post-simulation analysis and visualization, where N
may range from 1 to 100.

The beautiful, complex color weather maps we see on televi-
sion and on the Internet are the outcome of such climate simu-
lations, as are the decadal distribution and density maps of car-
bon dioxide, methane, water, clouds, and ice that are consistent
with global warming.

Scientists are improving climate models in two aspects:
improved grid density and more complex boundary interac-
tions. Since atmospheric and oceanic grid densities have both
spatial (x-y-z) and temporal (t) dimensions, improved grid den-
sity directly affects the size of intermediate timestep results.

A twofold increase per dimension in 3D spatial grid density
creates intermediate datasets that are eight times larger, exac-
erbating the I/O challenges of climate simulations. Similarly,
improving the accuracy of boundary interactions (such as
between the air and ocean, or between ice and water) often

APAX NUMERICAL ENCODING RESULTS

climate and physics simulations to run for
many months using hundreds of thou-
sands of cores and to consume terabytes Climate Various 127 climate variables 4:1
of RAM and petabytes of disk storage. The

. s . ' Sedov blast wave radius, density, .
supercc?mputu.lg commu.nlty 1s.actlve¥y Physics LULESH fhickness (three variables) 4.5:1
evaluating various techniques, including
compression, to reduce RAM, flash, and MIRANDA | Mixing layer thickness, growth rate, 541
disk bottlenecks in supercomputing. eI C BT (T lED)

Climate simulations have been in the Laser infensity

news since the late 1990s because they pF3D (incoming and back-scattered), 6.2:1
. s . . plasma density (six variables)
improve society’s understanding of cli-
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requires higher grid densities at the boundaries. More complex
models result in longer climate simulation times and more data
to be captured and visualized.

IN THE LABS

One of Samplify’s climate simulation collaborators partici-
pated in the latest Coupled Model Intercomparison Project
Phase 5 (CMIP5) long-term climate simulation.? This group
struggled to analyze the climate results it generated for CMIP5,
which were 10 times larger than its CMIP4 datasets five years
earlier. This group’s problem occurred not in the generation of
climate simulation data, but rather in the post-simulation data
analysis and visualization phase, where slow disk reads threat-
ened the group’s timely delivery of well-studied CMIP5 results.

Lawrence Livermore National Labs (LLNL) operates a special
research building called the National Ignition Facility® (NIF)
that evaluates next-generation fusion energy. At NIFE, the world’s
most powerful laser (actually a complex of 192 high-energy
lasers) impinges on a tiny, gold-plated cylinder the size of a
pencil eraser called a “hohlraum” (the German word for “hol-
low space”) in which the fusion reaction occurs.

Because of the immense amounts of power and months of

disk I/O bottlenecks by factors of four and six. The table sum-
marizes the results of compressing climate* and physics® datas-
ets using the APAX universal numerical encoder. These two
papers are the first to document that compression’s effects main-
tain simulation results for large, complex HPC calculations
while significantly reducing memory and disk bottlenecks. Eel

References

1. Frequently Asked Questions on the Linpack Benchmark
and Top500, www.netlib.org/utk/people/JackDongarra/
fag-linpack.html

2.CMIP - Coupled Model Infercomparison Project Phase
5 - Overview, http://cmip-pcmdi.linl.gov/cmip5/

3.The National Ignition Facility: Ushering in a New Age for
Science, https://lasers.linl.gov/about/nif/
4.International Supercomputing Conference Presentation
Details, www.isc-events.com/isc13_ap/presentationdetails.
php?t=confribution&o=2217&a=select&ra=speakerdetails
5.submitted to http://sc12.supercomputing.org/

AL WEGENER, CTO and founder of Samplify, earned an MSCS
from Stanford University and a BSEE from Bucknell University.

preparation required for each NIF experi-
ment, it is significantly less expensive

for LLNL to perform multiple hohlraum
physics simulations in a supercomputer
than it is to perform a single NIF experi-
ment. LLNDs dedicated NIF physicists
perform considerably more NIF simula-
tions than experiments, but the complex-
ity of laser-plasma interactions within
the hohlraum requires the interaction of
several physics simulations.

As with climate simulations, grid den-
sity and timestep size are key NIF simu-
lation parameters, and LLNL physicists
always want smaller grid and timestep
spacing because better resolution pro-

lating NIF’s multi-physics interactions
generates petabyte-scale datasets over
months-long simulations using LLNLs
Sequoia, the world’s second-fastest
supercomputer.

Samplify collaborated both with
Deutsches Klimarechenzentrum (DKRZ;
German Climate Computing Centre) and
LLNL in experiments that demonstrate
that lossy compression of climate and
physics datasets maintains the simulation

results while reducing the memory and
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& Analysis
Xbox One And PlayStation 4
Look More Alike

thas an eight-core, x86, 64-bit Jaguar CPU with a Radeon Microsoft’s Xbox One (a) and Sony’s PlayStation 4 (b) are very similar
GPU system-on-chip (SoC) from AMD with access to 8 architecturally, including the use of an eight-core SoC from AMD and
Gbytes of RAM. It sports half a terabyte of hard-disk storage,a  a Blu-ray disc drive.
Blu-ray drive, and a 3D image sensor. Of course, it has Gigabit
Ethernet, 802.11 b/g/n, USB 3.0, and HDMI output too. There are some differences. Sony uses GDDR5, while
So what is it? Microsoft went with DDR3. Sony’s optional 3D image sensor
It could be the Microsoft Xbox One or the Sony PlayStation  is a pair of cameras, while Microsoft bundles the latest version
4 (see the figure). If you stand far enough back and don'tlook  of the Kinect.

too closely at their specs, they look pretty much the same. These platforms will be among the first to use AMD’s
Differentiating the two platforms is more difficult, but the heterogeneous Uniform Memory Access (hUMA) support
developer’s job is significantly easier. (see “Unified CPU/GPU Memory Architecture Raises The Per-

IMAGING TECHNOLOGIES
B TAKE FLIGHT :

‘ NASA SUBJECTED ITS Interface
Imaging Spectrograph (IRIS)
observatory to vibration and
other testing before its June 26
launch. The satellite will use its
ultraviolet telescope and multi-
channel imaging spectrograph
to observe how solar material
moves, gathers energy, and
heats up as it travels through
the lower atmosphere. (courtesy
of LM Photo) ®
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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
unmatched capability. Or the 34972A DAQ’s ability
to control everything remotely via mobile interface.
Or the BenchLink Data Logger software that lets
you scan, monitor, control and analyze your data so
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you can quickly act on it. Maybe it's all of the above.

Gather, organize and control
data like never before.

3-slot LXI unit with built-in 6% digit DMM
USB and LAN GPIB and RS-232

Graphical web
interface

$1,933" $1,673"

Free $800* PC software upgrade
for advanced scanning control.
www.alliedelec.com/Ip/agilentdaq/
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News&Analysis

formance Bar” at electronicdesign.com),
which is part of AMD’s heterogeneous
system architecture (HSA). This puts

the GPU and CPU cores into the same

tion means less copying and quicker using Windows as the basis for the

dispatching. The similar SoC architec- ~ Xbox One, but don’t expect it to run
tures will make a developer’s job much ~ Windows applications at this point. Its a

easier. gaming system, after all.

memory and cache space. Code that The software that the two vendors
runs on the GPU will still be distinct

from the CPU, but the tighter integra-

wrap around this hardware will be
much different, though. Microsoft is

iER EXPERy

One less hat to wear.

Let us be your power expert. We understand that you don’t
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.

Novum® Ac-Dc Dc-DOc

Advanced Power Power Supplies Converters

N

& cUIlINC

www.cui.com/PowerExpert

Power management is also critical to

these designs. The latest multiplayer,
3D, first-person shooter games will

tax the CPU and GPU cores. Yet these
cores mostly will be idle when users
are streaming videos or watching a
movie on Blu-ray.

Virtualization is likely to play
a central role as well. HSA makes
virtualization work across the CPU
and GPU cores. Games will be easier
to modularize, but security will be
improved. The vendors may open up
their systems a bit more by providing
a virtual machine for developers and
maybe even users so they have a bit
more flexibility in how they can use
the platforms.

PC gaming platforms will still be
able to deliver more computing horse-
power, but the average PC or even a PC
designed for gaming is likely to have
less performance than these platforms.
Whether portability between platforms
will be improved remains to be seen,
but at least the hardware is there.

HSA likely will impact non-gaming
applications, but it now will have a

rather public pair of components. B
BILL WONG
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Merger Propels Wired Home Networking

he recent merger of the HomeP-
NA Alliance with the HomeGrid

Forum creates a new critical mass that
should be an incentive for increasing the
number of home area networks (HANS)
using wired technology. Today, most
networked homes use Wi-Fi for Inter-
net access and video distribution.

HomePNA’s standard uses the fre-
quencies above the standard DSL spec-
trum to carry video and Internet traffic.
AT&T’s U-verse IPTV services use this
technology. But with the availability
of the ITU-T’s G.hn wired technology,
equipment OEMs and service provid-
ers are slowly migrating to this flexible
standard, which supports phone-line
wiring, coax, or ac power-line media.

The HomeGrid Forum (HGF) was
created to support and champion G.hn,
while the HomePNA Alliance sought
to build and promote its own wired
home networking technology. Under
the HomeGrid Forum name, both will
perform compatibility and interoper-
ability testing and certification as they
move to build the G.hn marketplace.
The HGF also will continue to support
and certify HomePNA products.

G.hn has been finalized for several
years now but has been slow to show
up in homes. The lack of certified sili-

INTERFACES
AID

THE DEFENSE ADVANCED Research
Projects Agency (DARPA) is
developing leaded implantable
myoelectric sensors to be used
as a novel peripheral-interface
technology with targeted muscle
re-innervation. These interfaces
use signals from nerves or mus-
cles to control prosthetics and
provide direct sensory feedback.

: (courtesy of DARPA) &

GO TO ELECTRONICDESIGN.COM

con has been one problem, but so has
the general lack of consumer knowl-
edge about the various types of home
network wiring potential. With most
homes having an installed base of ac

power line, telephone wiring, and cable
TV coax, no new wiring is needed. The
organizations will make a more consoli-
dated effort toward G.hn’s promotion
and development. B LOUIS E.FRENZEL

Looking to save energy?
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EngineeringFeature
JOE DESPOSITO | Edifor in Chief

Survey Says
Design Engmeers

Have Power On

| | .el r I\/I I I Id S A supercapacitor, two dc-dc converters,

and a charging coil garner four of the
top 10 spots on our annual list of
the Top 101 Components.
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elcome to our yearly roundup of the Top

101 Components, compiling the most

sought devices in the electronics OEM

industry. We regularly receive mountains
of product announcements about connectors, power sources,
passives, LEDs, sensors, and more. Our editors then select the
most noteworthy for our design engineering audience.

We post these products on our Web site and promote them
via e-mail newsletters, tracking reader interest via Web site
analytics. This year, we also asked vendors to tell us what they
thought their best products were in the past 12 months. Read-
ers then picked their favorite components of the ones we've
published and those that were nominated by the vendors.

Many design engineers are thinking about power and seek-
ing more information about innovative power sources. In fact,
23 of the products on the list are categorized as power sources,
and four of the top 10 are power-related: the CLK series of
supercapacitors from Cellergy, the LXDC series of dc-dc con-
verters for Murata Americas, the E200E series of dc-dc con-
verters from MicroPower Direct, and the IWAS-3827EC-50
charging coil from Vishay Intertechnology.

ENTS

SENSOR CLAIMS TOP SPOT

Though power sources made a strong showing, the compo-
nent at the very top of the list is a sensor, the STMicroelectron-
ics LIS3MDL. This is ST’s first discrete magnetometer, and it
sparked quite a bit of interest among our readers. Announced
in February, the LISSMDL is now going to mass production.

One of the interesting applications of this standalone three-
axis magnetometer is indoor navigation, where it reliably
calculates dead-reckoning when no satellite signal is available.
The part also can be combined with other discrete sensors
from ST such as a three-axis micro-electromechanical sys-
tems (MEMS) accelerometer or three-axis MEMS gyroscope
to build sensors with as many as nine degrees of freedom.

ST has some indication of how this sensor might be used in
novel applications due to its experience with a 6x iNemo part,
an accelerometer plus magnetometer. Hapilabs, a company
based in Hong Kong, has developed a product called HAPI-
fork, which helps individuals monitor and track their eating
habits. With the help of indicator lights and gentle vibrations,
the device alerts users to the fact that they are eating too fast.
HAPIfork uses an ST accelerometer and a magnetometer
module, as well as an STM32 microcontroller.

LEDs TAKE SECOND PLACE
One of the hottest areas in electronics today is solid-state
lighting, so it makes complete sense that new LEDs would

Vishay Intertechnology’s IWAS-3827EC-50 is designed for the
wireless charging of 5-V portable electronics (a). Micro Power
Direct’s low-cost E200E dc-dc converters deliver 2 W of reliable
output power (b). Osram Opto Semiconductors’ latest automotive
LEDs offer high light output at high currents (c). Cellergy’s CLK
supercapacitors feature twice the capacitance of the company’s
general-purpose CLG series (d). Cree’s XLamp series LEDs pro-
vide discrete (XB-D) and multicolor (XM-L) LED options for appli-
cations ranging from architectural to vehicle and display lighting
(e). The standalone LIS3MDL three-axis magnetometer developed
by STMicroelectronics measures 2 by 2 by 1 mm (f).

GO TO ELECTRONICDESIGN.COM
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2013 TOP 101 COMPONENTS

1 LIS3MDL magnetometer STMicroelectronics Sensors

2 XLamp series LEDs Cree Inc. LEDs

3 CLK series of supercapacitors Cellergy Power sources

4 s Murata Americas Power sources

of de-dc converters

5 E200E series of dc-dc converters MicroPower Direct Power sources

6 siepper-a?)m?ﬁieé module Haydon Kirk Mofion Systems Horor ir?dolji;: el
7 Oslon Black Flat LED Osram Opto Semiconductors LEDs

8 IWAS-3827EC-50 charging coil Vishay Intertechnology Power sources

9 T24-WSS wind-speed sensor Mantracourt Sensors

10 SBS75x family of PCB connectors Anderson Power Products Interconnects

11 Pi Sandwich case Bud Industries Cabinets & enclosures
12 A1250 bipolar switch Allegro Microsystems Switches

13 White Lite SSL connectors Global Connector Technology Interconnects

14 Displix LEDs Osram Opto Semiconductors LEDs

15 Nanominiature connectors TE Connectivity Interconnects

16 HyperLink PoE injector/midspans L-com Inc. Power Sources

17 AUEETS T E Amphenol Aerospace Interconnects

connectors

18 Jg#fgj;sgmgﬁn; ams AG Sensors

19 ESD-Safe MLC capacitor series AVX Corp. Circuit protection devices
20 ESD-SafeT X7R capacitors AVX Corp. Passive components
21 WW]Z]./WW] CENELD Wolfson Microelectronics Sensors

microphones
22 VCNL3020 proximity sensor Vishay Intertechnology Sensors
23 Transreflective TFT displays Phoenix Display International Displays
24 ULS series of dc-dc converters Murata Power Solutions Power sources
25 SPD500 pressure sensor Sensirion AG Sensors
26 Hﬁl;:}e?f[)eiﬁiwiti?zs Diodes Inc. Switches
27 RUW15 series of de-dc converters Murata Power Solutions Power sources
28 MLO3 series capacitors AVX Corp. Passive components
29 F77 series of ultrasonic sensors Pepperl+Fuchs Sensors
30 TACmicrochip series capacitors AVX Corp. Passive components
31 MiniMax push-pull interconnect Fischer Connectors Interconnects
32 BFS 33M true color sensor Balluff Sensors
33 curre(iﬁ—’\:es:sréersegifstors Stackpole Electronics Inc. Passive components
34 | ZWS10-30B series power supplies TDK-Lambda Americas Power sources
35 2Pro PPTC/MOV hybrid device TE Circuit Protection Circuit protection devices
36 B']i:gﬁg;ﬁii?é ?;(';F;ikQA GlobTek Inc. Power sources
22

pique our readers’ interest. In this particu-
lar case, the product that made the greatest
impression during the past year is the Cree
XLamp series of LEDs: the discrete (XB-
D) and multicolor (XM-L).

Built on Cree’s SC* Technology Plat-
form, the XB-D White LED delivers 139
lumens and 136 lumens per watt in cool
white (6000 K) or 107 lumens and 105
lumens per watt in warm white (3000 K),
both at 350 mA and 85°C.

Multicolor XM-L LEDs combine very
high efficacy at very high drive currents,
delivering 1000 lumens with 100 lumens-
per-watt efficacy at 3 A in a 5- by 5-mm
footprint. Theyre designed for very-high-
lumen applications such as high-bay,
indoor commercial, or roadway lighting.

Cree wasn’t the only company that
placed an LED in our top 10. Osram Opto
Semiconductors secured the seventh
position with its Oslon Black Flat LED.
Designed for automotive front lighting
applications, the LED features high light
output at high currents, uniform light
distribution, thermal stability, and strong
contrast. It employs Osram’s UX:3 chip
technology, which is based on the com-
pany’s ThinGaN process. This technol-
ogy uses a metallic mirror below its active
layer and a well-defined scattering surface
for optimized light extraction.

SUPERCAP LEADS POWER QUARTET
When Cellergy announced a superca-
pacitor with double the capacitance of its
CLG series last year, our readers noticed,
placing it third on our list. The CLK series
comes in two form factors, 17 by 17 and 28
by 17, and has an extended temperature
range from -40°C to 85°C. Capacitance
ranges from 30 to 240 mF.
Supercapacitors are generally used for
pulse applications and in conjunction with
batteries to assist in delivering energy to
the load. Cellergy plans on expanding the
CLK series to include additional voltages
and a version with lower leakage current.
Small dc-dc converters nailed the
next two spots. Murata Americas touted
its LXDC micro dc-dc converters as the
world’s smallest when they debuted in June
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37 USB 2.0 connector Conec Inferconnects
38 PXS series of power supplies UltraVolt Inc. Power sources
39 High-power TVS diodes AVX Corp. Circuit protection devices
40 Ceelok FAS-T connector TE Connectivity Interconnects
41 SMAGF series TVSs Vishay Inferfechnology Power sources
42 PS25203 EPIC sensor Saelig Co. Sensors
43 PH9185NL transformers Pulse Electronics Power sources
44 Smart Position Sensor Honeywell Sensing Sensors
and Control
45 inzssggfo\:g?gxire AVX Corp. Interconnects
46 llluminated tactile switch series C&K Components Switches
47 A1128 Hall-effect switch Allegro Microsystems Switches
48 RBE-12/20-D48 dc-dc converter Murata Power Solutions Power sources
49 PDJack connector Molex Interconnects
50 Sl S BRI ProTek Devices Circuit protection devices
TVS modules
51 PwrBlade series connector FCI Interconnects
52 Okami ORX series of Murata Power Solutions Power sources
de-dc converters
53 OA1 09AP/OA1I728AP series . Orion Fans ‘ Cooling products
LED cooling fans (Knight Electronics)
54 q|uTr§ikersneE§Z§Lgs Teko Enclosures Cabinets & enclosures
55 JCK60 series de-dc converter XP Power Power sources
56 DF50 connector Hirose Electric Co. Ltd. Interconnects
57 GCL-536 series switch CW Industries Switches
58 | BD9521 battery disconnect switch Gigavac Switches
59 | ERGO-CASE XS enclosure systems OKW Enclosures Inc. Cabinets & enclosures
60 NFC antenna Pulse Electronics Passive components
61 6U VPXtra 1000CD power supply BehIman Electronics Power sources
62 MK23 proximity switches Meder Electronic Inc. Switches
63 MPU-800S power supplies MicroPower Direct Power sources
64 ] 3?;&735;?5&3;2?;? APITechnologies Sensors
65 DDR4 DIMM sockets FCl Interconnects
66 Intelligent fan trays Verotec Cooling products
67 it dc[:)lj)sv%rssgs\je - Wall Industries Power sources
68 AE458RFW series transformers Coilcraft CPS Power sources
69 GRN series power supplies Power Sources Unlimited Power sources
70 Shrouded male connectors Mill-MaxX Interconnects
71 Rig-Lok connector series Agggsrg'p'gi‘g::' Interconnects
72 Bulk Metal Z1-Foil (FRST) resistors Vishay Precision Group Passive components
24

0f2012. The LXDC2UR has a 600-mA cur-
rent rating and measures 2.3 by 2.5 mm,
while the LXDC3EP has a 1-A current rat-
ing and is 3.2 by 3.5 mm. Both combine
Murata’s proprietary materials and techni-
cal capabilities, specifically ferrite mate-
rial expertise, multilayer processing, and
power module design. Murata has since
expanded the product lineup to accom-
modate higher voltage and current needs.
Fifth on the list, the MicroPower Direct
E200E series dc-dc converters come in a
four-pin system-in-package (SIP), a popu-
lar form factor with our readers. Six mod-
els operate from 5- and 12-V dc inputs and
have single outputs of 5, 12, or 15 V dc.
All deliver up to 2 W and are specifically
designed to provide reliable voltage con-
version and/or power-line isolations for
space-critical board-level applications.
Rounding out the power sources quar-
tet, Vishay Intertechnology’s IWAS-
3827EC-50 powdered-iron-based receiv-
ing coil targets the wireless charging of
5-V portable electronics. Compliant with
the Wireless Power Consortium, it mea-
sures 38 by 27 mm. It also is 44% smaller
and costs less than its predecessor, the
ITWAS-4832FF-50, yet has equivalent per-
formance and greater than 70% efficiency.

TINY STEPPER-MOTOR DRIVE, A
WIND-SPEED SENSOR, AND A PCB
CONNECTOR

Securing sixth place is the tiny
DCM4826X stepper-motor drive mod-
ule from Haydon Kerk Motion Systems.
The totally enclosed unit’s mounting plate
measures just 64 by 60 mm, with mount-
ing-hole center-to-center distances of 52
by 38 mm. Total thickness is 34.4 mm.

Due to its small size, the DCM4826X is
well-suited for multi-axis stepper-motor
applications where space is at a premium.
As a bipolar, two-phase chopper drive, it
can be used with rotary stepper motors or
stepper-motor-based linear actuators. The
drive is integrated using the company’s
PDE User Interface via an RS-485 protocol
or a computer USB port.

Ninth on the Top 101 is a sensor that
measures wind speed and transmits the
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ExaMAX™ High Speed Backplan Connector System

The ExaMAX™ product platform is FCl's newest high speed interconnect solution delivering superior High
Speed Backplane, Mezzanine and |0 performance, scalable from 25Gb/s up to 40Gb/s signal speed,
and providing the lowest total applied cost in the industry.

The ExaMAX™ product family will address a broad range of system architectures, including backplane,
midplane, midplane orthogonal, direct orthogonal, cabled backplane, coplanar and mezzanine applications.

Mini-SAS HD Connectors

The Mini-SAS HD is the next generation SAS storage interface addressing channel bandwidth requirements
of 6 Gb/s to 12 Gb/s meeting or exceeding the respective SAS 2.1 and proposed SAS 3.0 specifications.
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EEPROM communication. The Mini-SAS HD profile design is PCl Express compatible and can be utilized
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high linear current density and low power loss. It offers both one-piece (cable to card edge) and two-piece
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data wirelessly. Mantracourt’s T24-WSS-
PR-A can make high-accuracy measure- 2013 TOP 101 COMPONENTS
ments over a 5- to 125-mph range. Its

three-cup rotor is pressed on a stainless-

steel shaft with a Delron body fitted with | 73 BMA355 three-axis MEMS Bosch Sensorfec TS
. accelerometer
bronze Rulon bushings. The anemom-
eter’s output value can be calibrated and 74 Sfernice P16S potentiometer Vishay Intertechnology Passive components
configured to the user’s requirements. On 75 193 PUR-SI solar capacitors Vishay Infertechnology Passive components
the wireless side, the device powers down 76 P105 MiniTactor Gigavac Switches
between transmissions to maximize bat- ™1 060 01114004575 767 display 05D Displays Displays
tery life in the field.
. . . 78 ASR series resistors Stackpole Electronics Inc. Passive components
Like last year, just one interconnect
79 Mini reed relays Meder Electronic Inc. Relays

made it into the top 10. This time it’s
the SBS75x family of touch-safe, high- 80 EMH-54/3-Q48N-C

rgh Ayt Murata Power Solutions Power sources
power connectors from Anderson Power
Products. The female partisa right—angle 81 Non-contact proximity alarm Standex Electronics Transducers
connector that sits on the printed-circuit 82 Micro-SIM connector card Molex Interconnects
Poard (PCB). This dual-pole connector [~ VLMU3100 UV LED Vishay Infertechnology LEDs
incorporates 105-A power contacts and
four auxiliary power contacts for applica— 84 Miniature strain gauge Vishay Precision Group Sensors
tions requiring single or low—power capa- 85 FE series capacitors AVX Corp. Passive components
bﬂit}’ up to 20 A. 86 Family of ac-dc power supplies Turck Power sources
The male signal contacts on the wire
8 87 CCSO-914X SAW clock oscillator Crystek Crystals Timing devices

side come in four lengths when sequenc-

Test Solutions

... from SRS !

10 MHz Rubidium Std.

FS725...52695 2GHz Clock Generator
Distribution Amplifiers CG635...$2995
FS735... from $950

2GHz Signal Generator
5G382...$3900
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ing is required. They also provide a last
mate/first break connection in relation to

the power contacts. The touch-safe mat-
ing interface protects the user by elimi-
88 GLV-24-150 LED power supply Green Watt Power Power sources nating finger contact with live circuits
89 SBT-MicroSD-01 socket Ironwood Electronics Interconnects (per UL1977, section 10.2). The device
90 0V8835 CameraChip OmniVision Technologies Sensors saves space and increases design flexibil-
. ‘ Honeywell Sensing ' ity by eliminating the need to bring wires
91 HPS series pressure swifches and Control Switches to the PCB. Press-fit containers on the
0 y et Temp-Flex LLC, | housing secure and position the connec-
icrowave coaxial cables o subsidiary of Molex Inc. nferconnects tor to the PCB prior to soldering.
93 Series 770 NCC connectors Binder-USA Interconnects
. ) FOR MORE INFORMATION
. Curtiss-Wright Controls .
94 COOL-CC3 chassis Defense Solutions Cabinets & enclosures This wraps up our look at the top 10
95 FHD LCD module NLT Technologies Displays components on this year's list. Wed also
- like to congratulate all of the companies
96 Saf-D-Grid connector system Anderson Power Products Interconnects . . .
whose innovative products made this
97 9175/9176 series of connectors AVX Corp. Interconnects year’s Top 101. You can find the full roster
98 BNOO55 nine-axis sensor node Bosch Sensortec Sensors of components in the table. The online
99 | MPA magnetic positioning sensor Sick Inc. Sensors version of the table contains links to the
full product reports on electronicdesign.
100 DF62 series of connectors Hirose Electric Co. Ltd. Interconnects p P R 8
com, where you can find links to the man-
101 PfPW/‘\l: SrOB seﬂes Power Pariners POwWer SOUTCES ufacturers’ Web sites and to many of the
Of power suppres datasheets for these products. B

B uilding on our rich 30 year history of designing high
performance scientific and engineering test equipment,

SRS now offers a broad line of RF instrumentation.

SRS products are not only affordable, but they offer
incredible performance — like the new SG386

DC to 6 GHz Signal Generator which has outstanding

Frequency Counter
SR620 ... $4950

10 MHz Rb Oscillator
PRS10... $1495

specifications and sells for about 1/3 the price of
competing instruments.

Please visit us at www.thinkSRS.com, or call us at
408-744-9040 for details on these products as well
as our full line of instrumentation.

30 MHz Function/Arb Generator
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4 GHz Signal Generator
5G384... 54600

6 GHz Signal Generator

5G386... $5900
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And Bluetooth R
The Airwaves

with new features and benefits.

ith dozens of short-range wire-

less standards to choose from,

engineers still defer to Bluetooth

and Wi-Fi. After more than 15
years, they continue to grow, improve, and provide new
features and benefits. These amazingly useful technolo-
gies both use the 2.4-GHz industrial-scientific-medical
(ISM) unlicensed spectrum. Wi-Fi also has access to the
5-GHz and 60-GHz ISM spectrum.

WHAT’S NEW WITH BLUETOOTH?

The most recent version of Bluetooth, 4.0, incorporates all
of its previous features but adds Bluetooth Low Energy (BLE).
Also known as Bluetooth Smart, BLE uses a different set of
technical and radio techniques to ensure very low power con-
sumption compared to the original Bluetooth standard (see
“Bluetooth’s Background” at electronicdesign.com).

BLE’s data protocol was changed to support low-duty-cycle
transmissions or very short transmission bursts between long
periods. The low duty cycle and extremely low-power sleep
modes enable BLE products to operate for many years on a coin
cell. BLE also provides a group of application programming
interfaces (APIs) for fast and easy application development.

28

BLE still operates in the same ISM license-free 2.4- to 2.483-
GHz frequency band as standard Bluetooth, but it uses a dif-
ferent frequency-hopping spread-spectrum (FHSS) scheme.
Standard Bluetooth hops at a rate of 1600 hops per second over
79 channels that are 1 MHz wide. BLE FHSS uses 40 channels
that are 2 MHz wide to ensure greater reliability over longer
distances. Standard Bluetooth offers gross data rates of 1, 2, or 3
Mbits/s. BLE’s maximum rate is 1 Mbit/s with a net throughput
of 260 kbits/s.

Also, BLE uses Gaussian frequency shift keying (GFSK)
modulation. It offers a power output of 0 dBm (1 mW) and a
typical maximum range of 50 meters. Security is via the 128-bit
Advanced Encryption Standard (AES). An adaptive frequen-
cy-hopping technique that avoids interference, a 24-bit cyclic
redundancy code (CRC), and a 32-bit message integrity check all
improve link reliability. The most common network configura-
tions are point-to-point (P2P) and star. Latency is only 6 ms.

Most low-power wireless networks are involved in consum-
er, medical, health, or sports and fitness applications. These
mobile applications require small size and coin cell power that
can function for years without attention.

Consumer applications include electronic leashes to locate
people, animals, or things; proximity detection for use in iden-

07.11.13 ELECTRONIC DESIGN


mailto:lou.frenzel@penton.com
http://electronicdesign.com



http://electronicdesign.com

TechnologyReport

30

tification, authentication, and wireless locks; RFID-like
(radio-frequency identification) cases; automatic meter
reading; toys; automotive applications such as On-Board
Diagnostic II connector plug-ins; home-area networks;
human interface device (HID) peripherals like mice and
keyboards; and game controllers.

Medical and health care applications include heart-rate
monitors, temperature monitors, instrumentation, and
body-area networks. Similarly, sports and fitness appli-
cations include sports watches and monitors, heart-rate
belts, bike computers, speed and distance monitoring, and
fitness equipment.

BLE isn't compatible with standard Bluetooth, though.
It is a separate radio on standard Bluetooth 4.0 chips. BLE
devices do not interoperate with classical Bluetooth. But
such interoperability could be implemented with a dual-
mode IC that integrates a standard Bluetooth radio and a
BLE radio, operating separately but not at the same time.
They also can share an antenna. Dual-mode devices are
available separately for low-power-only applications.

Bluetooth Smart Ready refers to the dual-mode chips
of version 4.0. It handles previous versions of classic Blue-
tooth in addition to BLE. Bluetooth Smart is BLE only. It
won't connect with any other version of Bluetooth except
for Smart Ready 4.0 or other BLE devices. Classic Blue-
tooth is compatible with previous versions and Smart
Ready devices. It won't connect with Smart devices.

Recent announcements from Apple, Google Android,
and Microsoft (Windows 8) indicate software support for
the new Bluetooth standards. This support will expedite
connectivity with Smart devices to smart phones, tablets,
and laptops.

Multiple vendors offer dual-mode and BLE chips,
including Broadcom, CSR, Dialog Semiconductor, EM
Microelectronics, Nordic Semiconductor, Texas Instru-
ments, and the TTP Group. Nordic Semiconductor, for
example, offers the nRF51822 BLE radio (Fig. 1).

WI-FI REVIEW

Wi-Fi is the trade name of the IEEE’s wireless local-area
network (WLAN) standard, designated 802.11. A suffix
at the end indicates the standard version. 802.11n is the
current most widely implemented variant found in Wi-Fi
access points, hotspots, and routers. Wi-Fi is also in most
of today’s laptops, all tablets and smart phones, and smart
television sets.

The 802.11 standard defines both a physical layer
(PHY) and a media access control (MAC) layer in the net-
working scheme. While the MAC tends to remain mostly
the same, the PHY changes to include the most recent
wireless technology for greater speed and link reliability.

v \\\\\\\\\

1. Nordic Semiconductor’s nRF51822 Bluetooth Low Energy
module can be embedded in almost any application. The radio
features data rates of 250 kbits/s, 1 Mbit/s, and 2 Mbits/s with
an output power of +4 dBm and a receive sensitivity of -92.5
dBm. The module incorporates an ARM Cortex MO CPU with 256
kbytes of flash and 16 kbytes of RAM.

The first generation 11b showed up in 1997 and uses
direct sequence spread spectrum (DSSS) to achieve data
rates to 11 Mbits/s in a 20-MHz channel in the 2.4-GHz
ISM radio band. With the growth of the Internet, that low
speed soon became a disadvantage.

The second-generation 802.11a appeared in 1999. It was
the first to use the 5-GHz ISM band and orthogonal fre-
quency division multiplexing (OFDM) with 64 subcarriers
spaced 312.5 kHz apart. Channel bandwidth was 20 MHz,
and binary phase-shift keying (BPSK), quadrature phase-
shift keying (QPSK), 16-phase quadrature amplitude
modulation (16QAM), and 64-state quadrature amplitude
modulation (64QAM) types were defined, permitting the
data rate to increase to a maximum of 54 Mbits/s.

While the 802.11a version was more robust because of
the OFDM characteristics that mitigated multipath reflec-
tions and the 5-GHz assignment meant less interference,
the higher frequency still limited the range. This version
was never too popular despite its advantages.

The big breakthrough came when the 802.11g standard
was approved in 2003. It is essentially the same as 11a but
operates in the 2.4-GHz band. Using the same OFDM and
modulation options, it too can deliver up to 54 Mbits/s. It
was immediately popular because the many IC companies
competing for the business brought chip prices very low.

The current 11n standard is a further improvement
over 11a/g. It adds 40-MHz channels and multiple-input
multiple-output (MIMO) features to the OFDM, allowing
data rates to increase to as much as 600 Mbits/s.

MIMO uses multiple receivers, transmitters, and
antennas to achieve spatial division multiplexing (SDM).
SDM transmits fast multiple data streams concurrently
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within the same 20- or 40-MHz channel bandwidth. Pre-
coding and post-decoding as well as unique path charac-
teristics distinguish the data streams. The data rate then
can be multiplied by a factor roughly equal to the number
of data streams.

The 11n MIMO standard permits up to four trans-
mit and four receive channels (4x4), although 1x2, 2x2,
and 3x3 versions are more widely used. The 600-Mbit/s
data rate is achieved using 4x4 MIMO with 64QAM in a
40-MHz channel.

What makes 11n so popular is its ability to carry video,
enabling wireless connectivity in TV sets, DVD play-
ers, and other video equipment. Using compressed video
(H.264, MPEGH4, etc.), full HD signals can be transmitted
reliably with the higher levels of MIMO.

The WLAN space is dominated by 11n Wi-Fi, which is
available in all smart phones, tablets, and laptops. It also
is the wireless technology of most hotspots and access
points, including millions of home wireless routers. It’s
increasingly being embedded in other consumer electron-
ics. And, it’s backwards compatible with previous stan-
dards, allowing 802.11a/g equipment to be used.

2. The Texas Instruments SimpleLink Wi-Fi CC3000 Booster-
Pack development board and MSP430 LaunchPad evaluation kit
speed the creation of Wi-Fi based loT applications.

The latest version of the standard is 802.11ac. It isn’t
fully ratified yet, but it’s essentially complete. Finalization
is expected in 2014. It uses the 5-GHz ISM band only for
minimum interference and maximum available band-
width. Furthermore, it continues the use of MIMO and
OFDM. Some key changes boost theoretical

32

data rate in excess of 3 Gbits/s, depending
on modulation, channel bandwidth, and
MIMO configuration. The primary changes
are its 80- and 160-MHz wide channels in
addition to the usual 40-MHz channel.

As the bandwidth increases, so does the
number of OFDM subcarriers to a maxi-
mum of 512 at 160-MHz bandwidth. OFDM
also adds 256QAM, which further boosts
data rate. And, 11ac defines a greater num-
ber of MIMO versions with a maximum of
an 8x8 configuration. A multi-user version,
MU-MIMO, is defined as well. The stan-
dard additionally supports coexistence and
compatibility with previous 11a and 11n
devices. Transmit beamforming is an option
to extend range and ensure link reliability.

Products for 11ac are emerging. Rout-
ers and access points are showing up, but
few user devices include it. But because of
its many advantages in speed and freedom
from interference, you will eventually see

DOWNLOAD our free CAD software

11ac capability not only in laptops but also

DESIGN your two or four layer PC board

tablets and smart phones.

SEND us your design with just a click

Another recent version of Wi-Fi,

RECEIVE top quality boards in just days

expresspcb.com

802.11ad, uses the 60-GHz ISM band. It
is backwards compatible with all previous
versions, including 11a/b/g/n/ac, as the
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Driving and Protecting IGBTs in Inverter

Introduction

The ACPL-339) is an advanced 1.0 A dual-output, easy-to-use, intelligent
IGBT gate drive optocoupler interface. Uniquely designed to support
MOSFET buffer of various current ratings, the ACPL-339) makes it easier
for system engineers to support different system power ratings using one
hardware platform by interchanging the MOSFET buffers and power IGBT/
MOSFET switches. This concept maximizes gate drive design scalability for
motor control and power conversion applications ranging from low to high
power ratings.

The ACPL-339) is also integrated with short circuit protection, under
voltage lockout (UVLO), “soft” IGBT turn-off, and isolated fault feedback to
provide maximum design flexibility and circuit protection.
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Figure 1: Functional diagram of the ACPL-339) gate drive optocoupler

Driving IGBTs

One of the key feature of gate drive optocoupler s its ability to provide high
peak output current to charge or discharge the gate of the IGBT quickly to
prevent switching loss. Avago’s gate drive optocoupler has output current
ranging from 0.4A up to 5A which can be used to drive small IGBT directly.
For 1GBT with higher ratings, discrete PNP/NPN bipolar buffer stage is
usually used. By changing the buffer stage to MOSFET, it maximizes gate
drive design scalability and power conversion efficiency.

Figure 2 shows different BIPOLAR buffers are used to drive different class of
IGBTs from 50A to 600A. As the size of IGBT gets bigger, higher peak current
is required at the gate of the IGBT to turn it on efficiently. The magnitude

BIPOLAR
BUFFER

Gate Drive lour 3A
Optocoupler I—— 1GBT
; = 7K F1200v/508
7 lour
L= 0.4A
Gate Drive lour 8A
Optocoupler L 1GBT
s = 7K, F1200v/3008
7 lout
Lo 1A
Gate Drive lour 16A
Optocoupler I—— 1GBT
’ = 7K, 1200076004
7 lour
L= 3A

Figure 2: Gate drivers with different output currents to match
BIPOLAR buffers

of the BIPOLAR’s output current is a factor of its base current, Ig and the
transistor current gain, B. In another words, gate drivers with different
peak output currents and matching BIPOLAR buffers are needed to achieve
the peak gate current required by different class of IGBTs.

MOSFET buffers on the other hand are voltage controlled devices and their
current amplifications are independent on the previous gate driver stage.
Figure 3 shows MOSFET buffers with different internal turn-on resistance,
Rpson to deliver the peak gate current required by the different class of
IGBTs. Although the ACPL-339J output is specified at 1A, the switching of
the MOSFET buffer will happen as long as the ACPL-339J output voltage
crosses the input threshold of the MOSFET buffer.

MOSFET
BUFFER

L
= Y e
1200V/50A
ACPL-339) =
|84
IGBT
_'K:} 1200V/300A

|16
IGBT
_'K:} 1200V/600A
—'

Figure 3: ACPL-339) to drive MOSFET buffer with different output
current capability
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The ACPL-339) makes it easier to support different system power ratings
using one gate drive platform by interchanging the MOSFET buffers and
powerlGBT/MOSFETswitches.Andallthesechangescanbemadewithout
redesigning the critical circuit isolation and short circuit protection.
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Figure 4: MOSFET buffer consumes less power and improves the
overall efficiency

BIPOLAR buffer uses a compounded structure consisting of 2 or more
transistor stages cascaded to achieve high current gain. The drawback
is the increased in saturation voltage, Vcsar and the output not able
to pull to the rail. This results in high power losses when the BIPOLAR
buffer delivers high peak output current to the gate of the IGBT. The
power loss from the BIPOLAR buffer increase tremendously as higher
peak current is needed by the gate of the IGBT.

The Avago Advantage Technical Notes

MOSFET buffer has “rail-to-rail” output and lower internal turn-on
resistance, Rpson while delivering higher peak current compared to bipolar
buffer. The MOSFET buffer in figure 4 shows significant power reduction
when compared to the BIPOLAR buffer delivering the same peak current.

Protecting IGBTs

The 1GBT’s collector-emitter voltage (Vcg) can be monitored by ACPL-
339J DESAT pin during IGBT normal operation. When short circuit
occurs, high current flows through the 1GBT and it comes out of
saturation into DESAT mode. This causes the IGBT's Vg to increase
rapidly from a saturation voltage of 2V. Once its crosses the ACPL-339)'s
threshold of 8V, a short circuit fault is registered and soft shutdown
is triggered. The ACPL-339J's Vgmos pin will switch on an external
transistor to slowly discharge the gate of the IGBT to achieve the soft
shutdown effect. The rate of the soft shutdown can be adjusted by the
size of the external transistor and resistor to minimize the overshoot
at the IGBT. And lastly, the entire DESAT operation is completed by
reporting the FAULT through a built-in insulated feedback path to
the controller.

Summary

The concept of ACPL-339J driving MOSFET buffer helps to maximize
gate drive design scalability from low to high power systems. This helps
to reduce design cycle time and together with the integrated short
circuit protection and feedback, the gate drive design is simplified with
less PCB space and costs.
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Figure 5: Short circuit protection, “soft” IGBT turn-off, and isolated fault feedback
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MAC layers of the protocol are similar.
The 11ad version is also known by its
trade name, WiGig. The Wireless Gigabit
(WiGig) Alliance, the trade association
supporting and promoting 11ad, recently
merged with the Wi-Fi Alliance (see “The
Wi-Fi Alliance Ensures Compatibility” at
electronicdesign.com).

WiGig uses the unlicensed ISM
60-GHz band from 57 to 64 GHz, divid-
ing it into four 2.16-GHz bands. Its
OFDM primary modulation scheme can
support up to 7 Gbits/s, making it one of
the fastest wireless technologies available.
A single-carrier mode uses less power
and is a better fit for some portable hand-
held devices, delivering up to 4.6 Gbits/s.
Uncompressed video can be transmitted
at both speeds. The WiGig specification
also provides AES security.

Because of the small antenna size at 60
GHz, gain antennas are normally used to
boost signal power and range. The maxi-
mum typical range is 10 meters. WiGig
products use antenna arrays that can pro-
vide beamforming. This adaptive beam-
forming permits beam tracking between
the transmitter and receiver to ensure that
obstacles can be avoided and speed maxi-
mized even under changing environmen-
tal conditions.

One clever feature of the standard is its
use of a protocol adaption layer (PAL).
This software structure talks to the MAC
layer and allows simplified wireless
implementation of other fast standard
interfaces like USB, HDMI, DisplayPort,
and PCI Express.

Wi-Fi continues to be one of the most
widely used wireless technologies in his-
tory. More than 1 billion Wi-Fi enabled
devices were shipped in 2011, and those
shipments are expected to double by 2015.
Many new devices in the works are related
to consumer media products, health/fit-
ness/medical, automotive, smart meters,
and automation products.

WHAT’S NEW WITH WI-FI?

The IEEE 802.11 Working Groups keep
a running agenda of development. They

GO TO ELECTRONICDESIGN.COM

work on the next major standard versions
as well as many additions and improve-
ments to the basic standards. The most
significant standards include:

«802.11e: provides quality-of-service
(QoS) features that allow Voice over
Internet Protocol (VoIP) and other criti-
cal services to be carried over Wi-Fi

« 802.11i: provides full security for Wi-Fi
in the form of Wired Equivalent Pri-
vacy (WEP), Wireless Protected Access
(WPA), and Wi-Fi Protected Access 2
(WPA2)

« 802.11s: brings automatic ad hoc mesh
networking to Wi-Fi

«802.11u: a protocol between access
points and clients that permits inter-
networking with support for authenti-
cation, authorization, and accounting
with network selection, encryption pol-
icy enforcement, and resource manage-
ment; facilitates automatic connections
and network handoffs

«802.11y: brings Wi-Fi to the 3650- to
3700-MHz band

One of the most interesting new ver-
sions is the 802.11p standard, which will
be deployed in V2x or vehicle-to-vehi-
cle (V2V) and vehicle-to-infrastructure
(V2I) systems. These systems are part of
the proposed Intelligent Telecommunica-
tions System (ITS), which provides safety
and traffic information to vehicles using
telematics. Called the Dedicated Short
Range Communications (DSRC) wire-
less system, this standard is similar to the
802.11a Wi-Fi standard.

The Dedicated Short-Range Commu-
nications (DSRC) system uses the IEEE
802.11p standard and a protocol known
as Wireless Access in Vehicular Environ-
ments (WAVE). The DSRC is assigned a
75-MHz segment of spectrum from 5.85
to 5.925 GHz. There are seven 10-MHz
channels designated by even numbers
from 172 to 184. These channels are half
the size of a standard 20-MHz 802.11
channel to minimize Doppler shift and
multipath fading. A European version of
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the system is assigned 50
MHz of bandwidth for
five channels.

The spectrum per-
mits vehicle and road-
side unit (RSU) infra-
structure radios to form
vehicular ad hoc net-
works (VANETS). These
dynamic networks will
provide short-lived
intermittent connectiv-
ity to implement vari-

ous safety applications 3. The Ruckus Wireless 7782 outdoor carrier-grade access point

for collision avoidance uses 30° and 120° antenna patterns to improve link reliability,

and road safety. Connec- capacity, and speed.

tions are automatic. The

802.11p standard radio is half duplex with
a data rate in the 6- to 27-Mbit/s range
and has an estimated maximum range of
300 meters (1 km).

The WAVE protocol uses the standard
PHY and MAC layer of 802.11a but uses
IEEE 1609 for the upper layers including
a MAC extension, a logical link control
(LLC) layer, network and transport layers
that include IPv6 with User Datagram
Protocol (UDP) and Transmission Con-
trol Protocol (TCP), and an upper mes-
sage application layer. The 1609.2 stan-
dard also provides security. Several types
of short message formats have been devel-
oped for different conditions.

Then there are projects still being
developed by the Task Groups, such as
802.11ah. This modification to exist-
ing standards would allow operation in
sub-1-GHz bands to extend the range
and implement applications such as
smart meters. Another new standard in
development, 11af, targets the TV white
space opportunity. It seeks to meet the
legal requirements for channel access and
coexistence in the TV white space bands.

White space refers to the unused TV
channels that are present around the U.S.
The idea is to use the vacant channels for
short-range data transmission. The num-
ber and location of these unused channels
vary widely, so cognitive radio techniques
are used to identify vacant channels that

are least likely to interfere with the TV
channels. A national database of TV sta-
tion locations and open channels lets
the cognitive radio hop to an appropri-
ate channel. You will hear of 802.11af
referred to as Super Wi-Fi or White-Fi.

The 802.11af standard defines the PHY
and MAC layer for white space operation.
While the standard is still under develop-
ment, the basic features are defined. It
uses the TV channels in the 470- to 710-
MHz range, or UHF TV channels 20 to
31. The channel bandwidth is 6 MHz. The
basic modulation scheme is OFDM with
BPSK, QPSK, 16QAM, or 64QAM. The
transmit power level is 20 dBm, and the
antenna gain is 0 dBi.

These low frequencies offer exception-
al range, far greater than other Wi-Fi ver-
sions in the 2.4- and 5-GHz range. Ranges
to several miles are possible. Data rates
will vary depending on modulation type,
range, and other factors. Equipment for
white spaces initially will use proprietary
wireless standards. The 802.11af standard
will be used with these early systems as
well as another IEEE standard, 802.22.

AWI-FI FUTURE

While Wi-Fi appears to be everywhere,
soon it will be even more widespread. It
is already available on many airlines so
passengers can connect to the Internet
in flight. It is used in printers and cam-
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eras. But that’s not all. Wi-Fi also is targeting the machine-to-
machine (M2M) field and the Internet of Things (IoT).

Wi-Fi appears to be emerging as the wireless technology
of choice in home networks and even appliances. ZigBee and
Z-Wave wireless devices are already in the home, and they
require some kind of gateway to connect to the Internet. Since
many homes have a Wi-Fi network, it is a natural choice for
home networks. Whirlpool, LG, and oth-

carriers are adding or expanding their own Wi-Fi networks to
ensure that the offload process can occur seamlessly. The
offload is not fully automatic, but work is in progress to make
that happen. Carriers are discovering that Wi-Fi offload pro-
vides cheaper and faster service than LTE. Look for more
hardened, carrier-grade Wi-Fi as cellular providers imple-
ment the offload option. Bl

er companies use Wi-Fi to collect usage
data on their refrigerators, washers, and
other appliances.

Texas Instruments designed its Sim-
pleLink Wi-Fi CC3000 BoosterPack to
help engineers develop Wi-Fi enabled
IoT products. It offers simplified Wi-Fi
connectivity for microcontroller-based
systems and works with TT’s MSP430 and
TivaC series for MCUs. The TI CC3000
module is a self-contained wireless net-
work processor that simplifies the imple-
mentation of Internet connectivity (Fig. 2).

Wi-Fi also is increasingly being
deployed in factory automation, petro-
chemical plants, and other challenging RF
environments. Enterprise-class through-
put is combined with a broad operating
temperature and rugged packaging to
provide a reliable wireless access point for
industrial users.

Carrier-grade Wi-Fi refers to rug-
gedized access points (APs) with special
performance characteristics. The Ruckus
Wireless ZoneFlex 7782 outdoor AP fea-
tures 802.11n operation in the 2.4- and
5-GHz bands (Fig. 3). Its internal smart
antennas provide 120° and 30° patterns for
improved capacity and performance.

The latest and most ambitious use of
Wi-Fi is in offloading data from cellular
networks. Cellular carriers are trying hard
to handle the big explosion of data, like
video to smart phones and tablets. The
ongoing upgrade to 4G LTE is going well
but takes time and capital investment.
In many instances, the networks are not
keeping up with the demand for speed.

Wi-Fi networks are being implement-
ed to handle the load. When a cellular
connection cannot handle the speed, the
user is passed off to a nearby Wi-Fi net-
work if one is available. Many cellular
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Advanced Packaging
Delivers Capacity

AND PERFORMANCE

High-density BGAs and 3D stacking increase

compute and storage density.

1. The Intel 8742 was an 8-bit micro-

controller that came in a 40-pin DIP.

(photograph by loan Sameli)

hip die sizes continue to grow, as does the number of
connections. The switch to high-speed serial inter-
faces reduced the required pin count, but that simply
slowed the pin count down.

Dual inline packages (DIPs) used to be the mainstay for the
electronics industry, and many applications still use them. They
worked well with sockets and circuit boards. Through-hole
connections allowed double-sided and then multilayer boards.

The problem is that DIPs hit limitations as they scaled
down in size and the number of connections rose. These days,
surface-mount technology (SMT) has become the primary
way to utilize electronic components.
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INSIDE THE CHIP
The die inside a chip are much
smaller than the chip. A lead
frame typically surrounds the
die. Early microcontrollers
were delivered in packages
as large as 40 pins like the
8-bit Intel 8742 (Fig. 1). The
die has a large bonding pad.

2. Intel’s many Pen-
A bonding wire connects
the pad to a lead in the lead
frame that is the pin on the

tium generations
utilized a multilayer
package to link the
exterior of the chip.

DIPs limited the size of
pins, but the approach still

bonding wires to the
1/0 pins.

works for some surface-mount packages. For exam-
ple, flat-pack packages are internally similar to the
technology used on the 8742, but the exterior pins
were designed for surface mounting. Dual and quad
flat-pack (QFP) chips are now very common for
surface-mount applications.

Leadless chip carriers (LCCs) essentially elimi-
nate the leads but keep the same internal architecture. The
connections are exposed on the bottom and sometimes the
side of the chip. These chips allow denser circuit boards. Some
LCC form factors can be mounted in matching sockets. These
form factors typically were processors or more expensive
components.

A single lead frame does not work well with chips that
sprout hundreds of pins. A move to stacked frames like the
ones used in Intel’s Pentium allows more bonding wires to be
connected in a smaller area (Fig. 2).

Ball grid arrays (BGAs) place the chip on top of a double-
sided circuit board (Fig. 3). The bonding wires on top of the
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3. A BGA has solder balls on the bottom of the circuit board. The
die sits on top, and the bonding wires connect the die to the board.
Through holes connect the top layer to the bottom.

Dielectric layer 2

Solder ball

Redistribution layer metal

Dielectric layer 1

Aluminum bond pad Die second passivation layer

4. Freescale’s Kinetis KL02 wafer-scale package has the solder balls
attached directly to the die.

die connect to a small, double-sided circuit board. Solder balls
are attached to the bottom of the board, and through-holes
link the balls to the pads connected to the gold bonding wires.

CHIP AND WAFER SCALE PACKAGING

BGAs are moving toward chip-scale packaging (CSP),
where the die size is very close to the package size. In some
cases there are cooling and power challenges.

Wafer-scale packaging eliminates the BGA circuit board and
attaches the solder balls directly to the die (Fig. 4). Freescale’s
Kinetis KL02 uses this approach. This 48-MHz, 32-bit Arm
Cortex-MO+ microcontroller fits into a 1.5-mm by 2-mm
package (Fig. 5). The chip is so small, it can be used in medical
devices that would be swallowed. Of course, using only 36 pA/
MHz helps keep power requirements down as well.

COMPOUND CHIPS

A package usually includes a single die. This simplifies the
overall design, and it's normally the configuration required for
a chip. A larger die can address higher-density applications.

Unfortunately, moving to a larger die is not always an
option. In other instances, multiple dies may be required
because each die needs to be created separately. This is often
the case when different technologies are required. For exam-
ple, some analog or power circuits are better when they are not
built on the same die as the digital components.

There are several ways to create a system-in-package (SiP),
not to be confused with single inline packages (SIPs), which
are simpler DIPs. Multichip SiPs come in a number of forms
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where multiple die can be blended in one package. We will
take a look at 3D die later. 3D tends to be a much different
approach than simply packaging die together.

Multichip carriers enable designers to put more than one
die into the package. There are numerous multichip solutions,
but in general they employ a circuit board to connect the chips
together and to link them to the pins or solder balls.

Multichip carriers give designers a common pin-out but
utilize different dies, possibly to provide faster processors or
more memory. These chips often are used to combine proces-
sor and support chipsets so a system-on-chip (SoC) can fit
into a single chip. Intel has taken this approach with a number
of chips, and the company is not alone.

Another way to mix multiple chips together is to stack them
on top of each other (Fig. 6). The dies are not the same size, so
the bonding wires can be attached to each die.

Not all die can be stacked, but the approach has proven
very popular with mobile devices. Smart phones and tablets
often require stacked solutions to address their small size.
Apple’s A4 and A5 SoC solutions for the iPhone and iPad add
amemory die on top of the dual-core processor.

Multichip carriers and stacked die each have challenges.
They are more complex to build and require exacting stan-
dards. Power distribution and heat distribution are also sig-
nificant issues in most applications. The issues depend upon
the chips employed and how they are utilized.

For example, multichip carriers like those used with high-
end microcontrollers have die that dissipate considerable
amounts of heat. Separating them in a multichip carrier
enables better heat distribution to heatsinks. A stacked die
would be a challenge because the heat dissipation also can
affect how the die are mounted.

Stacked die will generate heat, which must be kept within
a manageable range. That’s why a smart phone can get rather
warm, but it shouldn’t get as hot as a processor chip within a
PC. Two-level stacked die are common. Multilevel stacked die

5. Freescale’s 32-bit Arm Cortex-MO0+ Kinetis KL02 wafer scale pack-

age is only 1.5 mm by 2 mm.

®
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6. Stacked die packages layer additional die on top of each other.

Metal layer

These die are then wired together to provide a cohesive system.
Designs need to address power and heat distribution due to mul-
tiple die.

are possible, but additional levels increase system complexity.
Construction obviously requires more steps.

Multichip packages have other advantages. Each die in a
package can be tested and verified prior to package construc-
tion. This makes it more likely that the package will result in
a working system. Likewise, die can be binned (categorized)
based on functionality and performance.

Multichip packages reduce wiring distances. Wiring densi-
ty, although less than on-chip, normally is higher than off-chip
wiring density. Likewise, the in-package wiring can be more
efficient. It also is not as susceptible to the printed-circuit
board (PCB) design. High-speed serial connections and para-
sitic capacitance issues tend to exacerbate these issues.

Multichip solutions are becoming more common because
of the variety of technologies needed these days. Nanotechnol-
ogy is often utilized for sensors like accelerometers. Develop-
ers are also looking for smart sensors and matching them
up with a microcontroller. Mixing multiple sensors with the
microcontroller allows sensor integration in a single package.

GOING PAST 2D

Multichip solutions result in more dense packages, but
moving toward the die in terms of design can reduce size fur-
ther while increasing connection density. This is important in
a number of applications.

Xilinx’s 2.5D technology takes this approach (Fig. 7). It utiliz-
es a 65-nm metallic interposer layer to connect up to four dies
or “slices” The slices can be homogeneous or heterogeneous.

The Virtex-7 H580T employs two 28-nm FPGA slices and
a high-speed SERDES slice with eight 28-Gbit/s transceivers
implemented in 40-nm technology. The SERDES can be
mixed with the FPGA slices, but the result is suboptimal in
terms of performance and efficiency. The hybrid approach
provides the best of both silicon technologies.

The interposer provides a significantly higher slice-
to-slice interconnect density that would be possible
using bonding wires that are in turn better than doing
the same thing off-chip. There are tens of thousands
of connections between slices.
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7. Xilinx uses its
2.5D multidie tech-
nology in its high-end Virtex-7

FPGAEs. It connects the multiple die using
a metallic interposer layer.

Improving the design tools was paramount in producing
FPGA designs that take advantage of the multislice architec-
ture. Xilinx’s Vivado design tool does this (Fig. 9). It knows
about the multislice nature of the Virtex-7 as well as how the
interconnects link the slices together.

The 2.5D interposer approach is similar to the multichip
carrier except on a much smaller, finer scale. The approach
works very well with FPGAs that need a high-density slice-to-
slice interconnect. This more regular interconnect approach
could be applicable to mixing other array-style dies such as
memory die including DRAM and flash or other non-volatile
storage. Here the wide parallel connects would be more effi-
cient, eliminating the transceivers and SERDES now found in
many high-density memory interfaces.

The approach would be more challenging for mixed logic
slices since the technology is relatively new. Still, the approach
would be a good way to mix a hard-core processing slice with a
set of FPGA slices and high-speed SERDES. Nothing like this
has been announced yet, and it will be at least a couple of years
before it might occur.

3D MEMORY STACKS

Stacked die are one form of die-on-die packaging technol-
ogy that has a long track record. Stacked 3D solutions also are
emerging. They employ through-silicon vias (TSVs) to create
a true 3D chip. They have the advantage in terms of connec-
tion density and efficiency, but they do have heat and power
distribution issues like the stacked-die approach. Power has to
be distributed through the die to the next one above. The same
is true for heat.
The 3D stacked chip holds a lot of promise and may
eventually be as common as multilayer PCBs
are now. For now, memory solutions
| are taking advantage of this approach.

,J 8. The Xilinx Virtex-7 H580T employs two

~ 28-nm FPGA slices and a high-speed SERDES
slice with eight 28-Gbit/s transceivers imple-
mented in 40-nm technology.
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9. Xilinx’s Vivado design tool accounts for the multislice nature

of the Virtex-7 when turning an initial layout (a) into an optimized
layout (b).

The Hybrid Memory Cube (HMC) Consortium has deliv-
ered its first specification, which defines an architecture with a
logic layer and multiple, identical memory die stacked on top
of itin a 3D TSV configuration (Fig. 10).

The logic layer provides the access mechanism to the mem-
ory die and the high-speed serial interface to the outside
world. The approach eliminates the bonding wires found in
stacked die solutions using TSV's for connections between
memory chips and to the logic layer. An HMC has four or
eight memory die. A board designer will only need to contend

10. The Hybrid Memory Cube (HMC) stacks multiple memory die on
top of a logic layer. The die are stacked on top of each other, and they
are connected via though-silicon vias (TSVs).

with the capacity and standard interface in a fashion similar to
DRAM modules today.

There are architectural differences between a DRAM mod-
ule and an HMC. DRAM modules are designed to work with
a single host, although that host may be part of a multicore
NUMA system. HMCs are designed to work with multiple
hosts and can be employed in an array (Fig. 11). An array of
HMC:s increases the capacity potential but also the system’s
bandwidth potential. A host attached to any point of the array
has full access to the entire memory.
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Multiport support of a single HMC has design implications
for multihost environments such as network switching. It sim-
plifies host memory management and provides scalable sup-
port that would otherwise require more complex host designs
like those found in high-end, multicore processors.

The multiport HMC interface uses high-speed serial links
like PCI Express but with its own HMC protocol. It is scalable
by lane like PCI Express, and a single HMC chip can support
hosts with different link requirements. The interface is host
agnostic, although a host will obviously need an HMC inter-
face. This should be a software design exercise for FPGAs.

HMC represents a major change in memory architectures. It
should be able to provide a 15x bandwidth increase compared
to DDR3 while cutting power per bit by 70%. The 3D archi-
tecture reduces the
memory footprint

11. HMCs can be con-
nected in an array to
increase density and
throughput with a
number of hosts.

by 90%. Of course, the memory system should have a lower
latency and higher availability than existing memory solutions.

Companies like Micron hope to deliver HMC chips soon
(Fig. 12). Initially, HMC is targeting high-performance appli-
cations such as networking and servers. Thicker chips will
stand out, but initially they will be much like packages already
found on systems. Standard pin-outs will make designing with
HMC chips easy with multiple sources for the hardware. HMC
hardware will be available in the next year or so.

HMC targets DRAM. In the future, it could address non-
volatile storage. Designers are mixing flash and DRAM like
Viking Technologys ArxCis-NV hybrid DDR3 DRAM mod-
ule, which also incorporates
m flash backup storage. It
might simply be a matter of
adding flash memory die to
the HMC stack. &

12. The HMC package is
designed to deliver a 15x per-

formance improvement over

existing DDR3 modules while

using 70% less energy.
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Q&A

BILL WONG | Embedded/Systems/Software Editor
bill. wong@penton.com

Matterform Founders
Discuss Their 3D Scanner

ven the mainstream media has been covering 3D printers and how they are

going to revolutionize manufacturing, especially for small businesses (see

“Tap New Technologies To Produce Practically Perfect Prototypes” at electron-

icdesign.com). So if 2D printers have 2D scanners, why shouldn’t 3D printers have 3D

scanners? The Matterform 3D Scanner costs less than $600 (see the figure). Company

cofounders Adam Brandejs and Drew Cox explain the technology.

WONG: Tell me about the scanner.
MATTERFORM: It's the world’s first
truly affordable 3D scanner for anyone!
It allows you to take a physical object
and turn it into a digital 3D model on
your computer. From there, you can
print your file on any 3D printer or
online printing service or use the model
you created in an animation or video
game. It’s lightweight, portable, and
compact, making it easy to integrate
into your workspace. Anyone can use it.
End of story. Unfold it, plug it in, place
an object on the scan bed, and press go!
It’s that simple. Really.

Not only is it the first affordable 3D
scanner, but for the first time ever in the
home 3D makerspace comes a product
that you can actually be proud to have
on your desk. Long gone are the days of
laser-cut wood and threaded rod proj-
ects. Get creating and scanning right out
of the box. When not in use, the scanner
easily folds and tucks away on a shelf,
and because of the built-in handle it also
makes it easier for you to transport it
should you ever want to.

Its high-resolution scan is created with
a high-definition camera and dual lasers.
All scanners are fully assembled and
tested prior to shipping. There are no kits
here. Its easy folding design makes stor-
age or transport simple. Multiple quality
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settings can be chosen, but an average
scan is 3 minutes. Scan objects up to

190 mm by 190 mm by 250 mm (7.5-in.
diameter and 9.75-in. height). Dual step-
per motors provide full software control
over the scan bed and the z-axis. See the
point cloud being captured in real time!

WONG: How does it work?
MATTERFORM: The unit works from
a standard 5-V dc power supply and

is connected to the PC via a single

USB 2.0 connector. The software was
designed from the ground up and works

seamlessly with the hardware. Free to
use and download, the software is avail-
able for PC, Mac, and Linux. Whether
you've used 3D software before or if
you're just getting into it now, you'll
find the software was designed to be as
easy as possible. After a one-time setup,
scanning becomes as easy as one click.
We know you want to spend your time
creating things and being creative, not
calibrating, tweaking hardware, or fig-
uring out yet another tool.

Because the scanner is one solid
desktop device, the objects you scan are
accurate and precise. Unlike software-
based solutions, it gives dimensional
data, making 3D scans far more useful.
We're aiming to make the 3D files com-
patible with all major CAD packages,
3D modeling software, and 3D printers.
Currently, models produced from the

The low-cost Matterform 3D scanner is the ideal complement for 3D printers.
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scanner can be saved as .STL, .OBJ, and
point cloud .PLY formats, making it
easy to integrate scans within existing
systems, such as 3ds Max, Maya, Solid-
Works, Cinema 4d, Google SketchUp,
Rhino, and TrueSpace.

Currently the resolution of the
scannner, on a 4-in. figurine, is 0.43 mm
at 0.5° scans, with an accuracy of £0.2
mm. We're quite excited about the cur-
rent results and are working every day to
continue improving the resolution.

WONG: How does the scanner com-
pare to other alternatives?

Other alternatives
start at $3000, so the Matterform 3D
Scanner is by far the cheapest.

WONG: You used crowd funding to get

started. How has that worked out?
Very well. We've

achieved over five times our goal with

over $400,000 contributed so far.

WONG: What future enhancements
might be in the works?

Many! Including
color. B

ADAM BRANDEJS (left in the photo) is
a programmer, sculptor, Eagle PCB junky,
hacker, and maker. He has been making
things all of his life, from robots and code to
sculptural art that fours art galleries all over
the world. He was dry walling at 7, picked
up his first soldering iron at 10, was pro-
gramming Commodore 64s at 12, picked
up 3DS Max r2.5 in high school, fixed ev-
eryone’s computer during university, and
spent a few years in advertising making

ing things since he could move his hands.
Professionally, he has been a programmer,
artist, art director, and graphic designer. Un-
professionally, he is an inventor, hacker, and
mad scientist. His career path has led him
to help build brands like Labatt, Budweiser,
Audi, Honda, and Coca Cola. His hobbies
and passion have brought him to respect
the names of Prusa, Sherline, Arduino, and
every person who has ever contributed to
open source projects.

: MORE INTERVIEWS ONLINE

+ Check out Electronic Design's series on online

. interviews as we probe big industry trends and

¢ particular design issues alike with engineers, :
. executives, and academics from across the spec-
* trum. For more, go to htfp://electronicdesign. :
com/community/interviews and see:

Lo LSI Fellow Rob Ober Discusses PCle Flash

: Technology
Web sites for Audi, Coca Cola, Budweiser, : - Gumstix Explains How To Cut Time-To-Market
and countless other big name companies. :  UsingModules
- Digia’s Lars Knoll Discusses The Qf GUI
Framework

DREW COX (right in the photo) has been
an entrepreneur since he was 18 and mak-

D Spansion’s CTO Talks About Embedded Charge
Trap NOR Flash Technology

Supertex inc.

ifi PWM 1l
HV Interface ICs H\Aﬁgﬂg':r Ultrasound ICs (fggtro &
A Telecommunication Power o Depletion Mode
Specialty ICs \Cs Management ICs LED Driver ICs SFETs
.

e Electronic Line Switch ICs

Device | Switch Resistance | Input Voltage Breakdown Voltage | Dial Pulse (DP/DP) Package
HT0638 15Q (max) 2.0V 375V (max) -
HT18 Active High SOIC-8
18Q (max) 2.3V 350V (max) -
HT19 Active Low

e Ring Generator ICs

. n High Voltage High Voltage
Device Ring Signal OutputiLead Positive Negative E_xter_nal Package
(RMS) (REN) A o Circuitry
Supplies Supplies
HV430 105V (max) 50 (max) SOIC-20
Yes Yes Yes
HV440 70V (max) 5 or 20 (max) SOIC-16
HV461 94V (max) 40 (max) No No Self-contained LQFP-48

e Hotswap, Inrush Current Limiter Controller ICs (Negative Supply Rail)

. Input UV Threshold
Device | Voltage | Voltage |
HV100 34V (typ)

172V (max)
HV101 14V (typ)

Supply
Current

Features

| Package

Undervoltage (UV) detection circuits, power on

0.6mA (typ)

reset (POR) supervisory circuits, inrush current

limiting, short circuit protection, auto retry

SOT-223

e High Voltage Level Translator ICs

HT0440

Isolated Output

Drivers
Dual

Input
Voltage

Output
Voltage

6.0 - 10V

HT0740

Single

3.15-5.5V

4.5-8.5V

Input to
Output Isolation

+400V

Output to
Output Isolation

+700V

Package

DFN-10, SOIC-8

SOIC-8
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To download datasheets, visit www.supertex.com and search the device number.
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Transaction-Based Verification

And Emulation Combine
For Multi-Megahertz Verification Performance

Transaction-based verification is becoming the emulation mode of choice because of
its unique ability to keep pace with the growing verification support requirements of the
latest high-performance, industry-standard interfaces.

esign complexity has grown with each suc-
cessive generation of system-on-chip (SoC)
evolution. SoCs now include many indus-

try-standard interfaces, multiple processor

Simulation usually runs on a single workstation, and its envi-

ronment consists of two components: the design under test

(DUT) and the stimuli generator—the testbench (Fig. 1).
With simulation, the design runs at a wire level and is clock

cores, on-board memories, and embedded firmware and
software. With this growth, we've seen verification complex-
ity grow exponentially, driving engineers to seek advanced
verification methodologies.

While in-circuit emulation (ICE) promises megahertz veri-
fication performance, its dependence on protocol-specific
rate adapters combined with the sheer number of high-speed,
protocol-specific physical interfaces has proven to be a recent

accurate, which means there is a wire-level interface between
the testbench and the DUT. For a full chip, these wires may
be the device pins. With the addition of various monitors and
checkers, the interface between the DUT and testbench can
grow to include thousands of wires.

Simulation is still what’s used for most register transfer level
(RTL) development and design. Nevertheless, for designs
requiring hardware/software co-verification, as well as those

challenge for today’s advanced designs.
Transaction-based verification (TBV)
holds the key to bridging the perfor-
mance of emulation with the flexibility
and simplicity of simulation.

By adopting accelerated transaction-
based emulation strategies, designers
can move their verification strategy up a
level of abstraction and achieve the leap
forward in verification performance
and productivity that is necessary to
fully debug and develop the most com-
plex electronic hardware and software-
based systems. Different use modes are
available in today’s emulation systems,
and TBV is becoming the preferred
emulation mode for achieving multi-
megahertz verification performance.

SIMULATION

Today, simulation continues to be
the workhorse of complex verification.
Most verification is done using simula-
tion, finding more than 95% of bugs.

GO TO ELECTRONICDESIGN.COM

i1 Target system .
Test- =

bench

Simulator

In-circuit ;
emulation (ICE)

Embedded
testbench

Co-simulation
(signal level)

Virtual f i | a_"
Transaction-based periph- 5| SCEMI/ZEMI 2 DUT

Transactor

verification (TBV)

1. This graphical description of the most commonly used emulation modes high-
lights the location of the testbench, the design under test, any rate adapters and
physical interfaces, and potential performance bottlenecks.
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utilizing many industry-standard protocol interfaces, maxi-
mum verification performance is required. Simulation per-
formance is often limited by the performance of the host PC
or workstation on which it executes. A large SoC, designed
to run at 1 GHz, may clock at 1 Hz or less in simulation on a
standard PC.

To put that into perspective, if the operating-system (OS)
boot-up sequence for a cell phone, whose processor is run-
ning at 1 GHz, were to take 10 seconds, the same boot-up
sequence, simulated on a host PC at 1 Hz, would require 1
billion seconds (317 years). Very few design teams enjoy a
project schedule that can accommodate that.

As aresult, more and more design teams are adopting some
form of hardware-assisted verification. Today’s high-perfor-
mance emulators run very fast and support many operating
modes. Synopsys’ Zebu, for example, reduces the boot-up
time for the above example from more than 300 years to less
than an hour with its transaction-based verification mode.

IN-CIRCUIT EMULATION

The first widely used emulation platforms were introduced
in the early 1990s and were limited to ICE. With ICE, the idea is
to eliminate the host PC or workstation, which was (and still is)
the performance bottleneck. First, the DUT is moved from the
host PC to dedicated emulation hardware. Next, a live “target
system,” or a physical device, replaces the PC-based testbench.

A physical cable connects the two. The cable is often
plugged into the very socket that the SoC will eventually plug
into. This combination eliminates the host workstation or PC,
allowing the design to run several orders of magnitude faster,
typically at the maximum performance of the emulator itself.

ICE is not without its challenges, however, as an emulator is
rarely fast enough to run at the same speed at which a target
system would normally operate. In the early days, the entire
target system had to be slowed down to match the speed of
the emulator. This tended to be very complicated, and many
devices, such as disk drives, simply could not be slowed
down. Thus, rate adapters were introduced.

A rate adapter acts as a buffer, collecting all the required
information from the DUT and—once the data (wire-level
signal changes) is sufficiently cached—sending it at real-time
speed to the target system. It also captures data from the
target system at full speed, caches it, and then plays it back at
emulation speed to the DUT.

While this approach works well for fairly simple protocols,
today’s SoCs include many complex, high-speed interfaces,
each of which would require a rate adapter to be connected
to an emulator. Even when a rate adapter is available, the
constant evolution of speed and complexity of individual
protocols (such as SATA2 versus SATA3) has made timely
rate adapter development difficult. Speed requirements alone
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typically delay, and in more recent cases eliminate, the avail-
ability of rate adapters for the latest protocols.

Another characteristic of ICE is the simple fact that the
physical devices connected to the emulator often require an
operator to be physically present—for example, to push a
reset switch or power-cycle the target system. This makes it
difficult to leverage an emulator that is centrally located.

EMBEDDED TESTBENCH

In an attempt to leverage the existing simulation environ-
ment, as well as to avoid some of the limitations of ICE, many
design teams in the mid-1990s adopted an embedded test-
bench approach that moves the entire simulation testbench
onto the emulator. This eliminates the physical interfaces
required by ICE, and with them, the need for rate adapters.

Unfortunately, such a testbench must be synthesizable to
be loaded onto an emulator. Because virtually no simulation
testbenches are synthesizable in today’s advanced verification
environments, this method is limited in use.

A variation (special case) of this approach is commonly
used today. Leveraging the emulator’s large reserves of physi-
cal memory, designers load this memory with system soft-
ware, such as firmware, drivers, or an entire OS. The DUT’s
embedded processor can then run that software directly as if
it were running in the actual system, effectively making the
software a testbench. This approach is relatively simple to
implement, and since there are no physical connections, the
emulator runs at its highest level of performance

As the software is only being run through the processor,
this approach still lacks the ability to test interfaces between
different chip protocols. Additionally, because it requires a
fairly complete processor implementation, it can only be used
relatively late in the design cycle. As a result, it is generally
best suited for late system-level hardware verification and
early hardware/software bring-up.

CO-SIMULATION

With co-simulation, also called simulation acceleration, the
DUT is moved to the high-performance emulator as with the
other use models. The testbench, though, remains on the host
PC or workstation. A wire-level interface connects the two.

This verification approach is very straightforward, as it
leverages the existing simulation testbench and eliminates the
need for external rate adapters. However, the actual verifica-
tion performance is heavily limited by the performance of the
host PC, the complexity of the existing testbench, and/or the
wire-level interface between the testbench and the DUT.

In a typical verification environment, there are thousands
of signals at the interface, with many changing multiple times
within each clock period. With wire-level co-simulation, each
signal must be transferred between the testbench and DUT on
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Testbench Front-end
C/C++/ Communication
C/Crv/ SC/SV infrastructure
SC/SV

| model

TBV commands

2. In the transaction-based verification environment, the back-end portion of the
transactor and the DUT, which remains unchanged, are located within the emulator.

This requires that they both be written with synthesizable RTL.

every transition. Even though the emulator can run orders of
magnitude faster, it must wait for these transfers to complete.
In addition, the emulator will often be stalled by the per-
formance of the testbench itself. If tightly coupled to the test-
bench, which is common in pure simulation environments,
the emulator will quickly stall, waiting for the slower test-
bench to react to incoming signals and produce the next set of
stimuli. As a result, most designers do not use this mode for
general verification. But they do use it as a stepping stone (to
validate the DUT functionality on the emulator) for TBV.

TRANSACTION-BASED VERIFICATION

TBV raises the level of verification abstraction away from a
wire-level interface to run thousands to a million times faster
than simulation on a host PC. It simplifies the communica-
tion between the testbench and DUT so a design team can
access the full performance benefit of the emulator.

With TBYV, like co-simulation, the DUT is loaded onto the
emulator, and the testbench resides on a host PC. But instead
of a wire-level interface, TBV uses a high-performance inter-
face using transaction-level protocols that are executed on the
emulator. This transaction-level interface allows the testbench
to be tightly or loosely coupled to the DUT.

The communication between the testbench, now working at
a protocol level, and the DUT, which still requires a wire-level
interface, is accomplished through a transactor. The transactor
converts the high-level commands from the testbench into the
wire-level, protocol-specific sequences required by the DUT,
and vice versa. The key is that all the wire-level communica-
tions are wholly contained within the emulator itself and run
orders of magnitude faster as a result (Fig. 2).

Another key difference of transaction-based verification
is that the transaction-level interface allows the testbench to
stream data to the DUT, which the transactor buffers auto-
matically. This speeds up the execution of the testbench. With
this methodology, it is also possible to have multiple trans-
actions active across multiple transactors. Together, these
transactors enable the emulator to process data continuously,
which dramatically increases overall performance to that of
a pure ICE environment. As noted earlier, this is orders of

GO TO ELECTRONICDESIGN.COM

A model ;

Emulator

magnitude faster than any wire- or pin-
based verification approach.

Beyond performance, TBV offers
designers several other advantages.
Primarily, it eliminates the need for rate
adapters and physical interfaces. With
TBYV, each physical interface is replaced
with a transaction-level interface.
Likewise, the rate adapter, required for
ICE, is replaced with a protocol-specific
transactor.

Unlike rate adapters, transactor models for the latest proto-
cols are readily available off-the-shelf and are easily upgraded
to accommodate protocol revisions. Synopsys today, for
example, provides vast libraries of transactors for standard
interface protocols as well as tools to enable the development
of custom, proprietary transactors.

It is also possible to create an emulation-like environment
by using transactors to connect the DUT to “virtual devices”
A virtual device is simply a soft model of a device that runs
on the host PC. A design using an HDMI transactor to test an
HDMI interface, for example, would be able to leverage the
same transactor to connect to an HDMI virtual display. This
would allow the engineer to see the video output from the

Bit-based protocol

Giga-snaP BGA
Sockets and Adapters

Giga-snaP BGA SMT Adapters
allow affordable socketing

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

° Maximum solderability

4 Ironwood 16040204
ELECTRONICS ' ) ;
www.ironwoodelectronics.com
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DUT just as if it were connected to a physical monitor, with-
out the need to physically connect to an actual monitor.
Some of today’s virtual devices are bridges that provide
connectivity to the actual physical device, but via the host
PC (and a transactor). A USB bridge, for instance, connects
a physical USB device, such as a memory stick, to the USB
port of the host PC. As designed, the DUT only sees the USB

drive and behaves accordingly once it detects the presence
of the flash drive (for example, it installs a driver, if the OS is
also being emulated).

An additional distinction of TBV is remote accessibility. As
there are no physical interfaces connected to the emulator, a
user can fully use and manage the emulator from anywhere
in the world. When combined with virtual devices such as
video displays, protocol analyzers, and
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Tight Stability, Extended Temperature XO

audio processors, this distinction is
very obvious.

A user from anywhere in the world
can remotely view a virtual display.

An ICE user, on the other hand, would
need to be in the same room with the
TV, which is cabled directly into the
emulator. Remote accessibility is also
available when connecting the emula-
tor to an architectural model envi-
ronment, such as Synopsys’ Platform
Architect and/or Virtualizer, which
would also be done through a transac-
tion-level interface.

A transactor consists of three parts:
the front-end interface, a back-end RTL
bus-functional model (BFM), and a
physical communications channel.

The front-end interface is typically
a behavioral model that runs on the
host PC and interfaces to the testbench,
usually through Direct Programming
Interface (DPI) calls. It is written in C/
C++, SystemC, or System Verilog. This
piece converts high-level transaction-
level commands and sends them across

00kHz ke

the physical interface protocol using
either the Standard Co-Emulation
Modeling Interface (SCEMI) standard
or the Zebu Emulation Modeling Inter-
face (ZEMI) language.

The interface channel between the
front-end interface on the host PC and
ﬁ v the BEM on the emulator may be imple-

N mented at the physical level using any
high-performance interface standard
such as PCI Express. A standard TBV
protocol, such as SCEMI or ZEMI, runs
on top of this physical interface. This
protocol is transparent to the user.

The back-end hardware description
level (HDL) BFM runs on the emulator
and interfaces with the communica-

EMI/RFI
FILTERS

.
\L/ S/

PIEZOELECTRIC
CERAMIC
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tions channel to send and receive transactions. Here, the tion can be used throughout the verification cycle, with

transactions are converted to a wire-level interface that worldwide 24x7 access. B

interacts with the DUT. Because the BFM resides on the

emulator, it must be fully synthesizable. The BFM also must =~ LAWRENCE VIVOLO is the product marketing director,
adhere to the target interface protocol and therefore mustbe  emulation, at Synopsys. He holds a BS in engineering from

fully functional.

California Polytechnic State University, San Luis Obispo, and

So, as an example, the BFM would receive the high-level an MBA from Santa Clara University, Santa Clara, Calif.

transaction command “read file” from
the channel and convert it to the precise,
cycle-accurate, wire-level handshake
sequences that a physical direct memory
access (DMA) controller, located within
the emulated DUT, would need.

TBV IN THE DESIGN FLOW

TBV can be used throughout the flow,
from the block level and beyond. Com-
mon applications include:

« Debug and verification of large blocks,
subsystems, or complete SoCs

« Driver development or system-level
verification when combined with vir-
tualization

« Early hardware/software bring-up,
including firmware, drivers, and OSs

o Full-chip power analysis and estima-
tion

« System-level hardware/software co-
verification or early software develop-
ment when connected to prototyping
hardware

CONCLUSION

TBV with emulation offers design
teams a unique opportunity to accelerate
SoC verification. By raising the level of
abstraction of their verification environ-
ment, teams can achieve multiple orders
of magnitude improvement in their veri-
fication performance. With TBV, design-
ers have access to a platform that delivers
megahertz performance for block- and
system-level verification, as well as early
hardware/software bring-up.

The use of transactors delivers all the
benefits of in-circuit emulation without
the challenges of rate-adapter availability
and physical accessibility. When com-
bined with virtual interfaces and system-
level virtual models, TBV with emula-
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Graphical, Numerical Techniques
Size LED Array’s Drive

KENG WU | SWITCHING POWER INC. kengchi.goah@gmail.com

LED-BASED LIGHTING IS REPLACING
incandescent and gas-discharge lamps
in many situations. As practical lighting
sources, and considering their direc-
tional nature, LED fixtures usually use
multiple LEDs arranged in an array,
with “m” LEDs in a serial string and “n”
such strings in parallel (Fig. 1). For the
array configuration and the exponen-
tial I-V characteristics model of a single
LED,! it’s additionally possible to have a
similar model representing the loading
of such an array.

Since the single LED is a diode with
a nonlinear forward-voltage/current,
driving it with a fixed voltage source is
generally not recommended. Rather,
a serial (current-limiting) resistor is
needed to equalize the power source and
the load (Fig. 2). However, sizing this
resistor requires a significant analyti-
cal manipulation. Using the single-LED
exponential model, a Kirchoff’s voltage
law (KVL) equation around the circuit
loop gives:

R, (ae"™ +c)+V, =V, (1)

which can be rearranged to:

V.-V,
R =—F_ (3
*ae™+c @

where a, b, and ¢ are model parameters
for a selected LED, as defined in the
reference.

This is a challenge to solve symboli-
cally, but it can be solved numerically
with mathematical software tools. Alter-
natively, it can be solved graphically by
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separating the two key I-V relationship
Viand Iy =

For example, using a Lumileds Luxe-
on Rebel ES LED with a 3.2-V dc source
and a desired drive current of 0.5 A, the

equations, v+ R Ip = ae® +c.

horizontal current line intercepts the
LED curve at 2.92 V (Fig. 3). Therefore,
the series resistor will be R, = (3.2 -
2.92)/0.5 = 0.56 Q.

However, the graphical approach
would not handle an LED array effec-
tively, and the numerical method works
better. To represent the array current iy,
the exponential model for the (m x n)
array is modified, since voltage drops
across current-limiting resistor R, and
sense-resistor Rge,qe are usually small
compared with driving-source Vy:

R1 Rn

gl

1. Establishing the correct resistor size for

Sense

each string of an array of n strings, where
each strings has m LEDs, is challenging
due fo the nonlinear nature of the diodes.

b£

iA=n(ae m +c) 3)

With the array model, the switch-
mode buck-regulating current driver
in a closed-loop configuration (Fig. 4)
can be described by a set of equations
starting at the feedback point, circling
around the control loop, and ending at
the driver output:

« Current sensing:
Vi=ia ¢ Rgense  (4)
o Error amplifier:
Ver=A(Vees = V) (5)

« Effective error:

Vef_V —Ve oCTR R, (6)
d
e PWM ramp:

Vix — Vi

V t =V- + Max Mmt

Ramp( ) Min 095 ° ,1—; (7)
R, |

— Vs v. ¥

2.Even for a single LED driven by a voltage
source, the exponential current-voltage
relationship complicates selection of the
series-resistor value.
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1WA |g Synchronous Boost Converter Extends Buttery Life in

Portable Devices
Design Note 516
Gorun Pericu

Introduction

Boost converters are regularly used in portable de-
vices to produce higher output voltages from lower
battery input voltages. Common battery configura-
tions include two to three alkaline or NiMH cells or,
increasingly, Li-lon batteries, yielding a typical input
voltage between 1.8V and 4.8V.

The 12V outputconvertershowninFigure 1isdesigned
torunfromanytypical small battery power source. This
design centers around the LTC®3122 boost converter,
which can efficiently generate a regulated output
up to 15V from a 1.8V to 5.5V input. The LTC3122
includes a 2.5A internal switch current limit and a full
complement of features to handle demanding boost
applications, including switching frequency program-
ming, undervoltage lockout, Burst Mode® operation or
continuous switching mode, and true outputdisconnect.
The integrated synchronous rectifier is turned off when
theinductorcurrentapproacheszero, preventing reverse
inductor currentand minimizing powerlossatlightloads.

This unique output disconnect feature is especially
importantinapplications that have long periods of idle
time. While idling, the part can be shut down, leaving
the output capacitor fully charged and standing by for
quick turn-on. In shutdown, the part draws less than

1pA from the input source.
ut
4.7uH LTC3122

Vi XAL4030-472

18V10 sW CAP
55V | O _—|—01 r
10pF T L
} PGND v, * Vour
I ouT —LCOUT 12V
Wi CAP 0-1uF
3"703 —{Pwm/syNG  SDf-Vin = R
' 1.02M
H | veo i AN

RT Vo
PGND Re <R2
Rr %&Gk S 113k
57.6k G

T330p
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Figure 1. The 1MHz Operating Frequency and Small
Inductor Make This Converter Suitable for Demanding
Portable Battery-Powered Applications.

Because the batteries used in portable devices are
usually as small as possible, they present high inter-
nal impedance under heavy loads, especially close to
the end of their discharge cycle. Unlike other boost
converters that struggle with high source impedance
at startup, the LTC3122 prevents high surge currents
at startup.

1.8V to 5.5V Input to 12V Output Boost Regulator
The circuit in Figure 1 is designed for high efficiency
and small size. The LTC3122 operates at 1MHz to
minimize the size of the filter capacitors and boost
inductor, and uses Burst Mode operation to maintain
high efficiency at light loads, as shown in Figure 2. At
heavier loads, the converter can operate in constant
frequency mode, resulting in lower input and output
ripple. Constant frequency operation can result in
lower EMI and is easier to filter.

Efficiency can be increased by running the LTC3122 at
a relatively low switching frequency. Figure 3 shows
the results of reducing the switching frequency from
1MHz to 500kHz.

Efficiency can be improved further by increasing the
inductor size. Figure 4 shows the increase in efficiency
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Figure 2. The High Efficiency of the LTC3122 Boost
Converter Extends Battery Life in Portable Applications.
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achieved by replacing the 4mm x4mm boost inductor
(XAL4030-472) witha7mm x 7mminductor (744-777-
910 from Wiirth). The 90% efficiency at 10mA is 5%
higher than the efficiency shown in Figure 3.
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Figure 3. The Efficiency is Greatly Affected by the Operating
Frequency. At 100mA Load an Additional 4% Can Be Gained
by Reducing the Switching Frequency from 1MHz to 500kHz.

Battery size should be taken into account when con-
sidering inductor size. Using arelatively smallinductor
running at a high frequency may necessitate a cor-
respondingly higher capacity battery to achieve the
same run time at relatively lower efficiency. In other
words, space gains achieved with a smaller inductor
may be replaced by the need for a bigger battery.

Output Disconnect

Typical boost converters cannot disconnectthe output
from the input because of the boost diode. Current
always flows from the input through the inductor and
boostdiodetothe output. Therefore the outputcan not
beshorted ordisconnected fromthe input, asignificant
probleminmany applications, especially in shutdown.
In contrast, the LTC3122 includes an internal switch
that disconnects the boost MOSFET body diode from
the output. This also allows for inrush current limiting
at turn-on, minimizing the surge currents seen by the
input power source.

Figure 5 showsthe outputofthe LTC3122 disconnected
inshutdown. The outputvoltageis pulledto zero by the
load following shutdown, and the LTC3122 consumes
less than 1pA of current.

Start-Up Inrush Current Limiting

To simulate a real battery-operated application, the
circuit in Figure 1 was tested with 1Q of equivalent
series resistance (ESR) placed between the power
source and the LTC3122 circuit. Once the LTC3122 is
enabled, it controls the startup so that the input power

Data Sheet Download

www.linear.com/LT3122

source can lift the output rail to regulation. The input
current slowly ramps up. The input current overshoot
required to charge the output capacitor is limited to
only 200mA and the input power source voltage droop
is limited to 0.5V, as shown in Figure 5.

Conclusion

The LTC3122 boost converter serves the needs of
battery-operated applications that require low standby
quiescent current and high efficiency. Unlike many
other boost converters, it includes features, enable-
ing operation from batteries near full discharge when
battery ESR becomes high. Its very low quiescent and
shutdown currents, combined with output disconnect,
extend battery run time in applications with long idle
periods. The LTC3122 includes a complete set of
features for high performance battery operated ap-
plications and comes in a small, thermally enhanced
3mm x 4mm package.
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Figure 4. With a Lower Switching Frequency and a Larger
Inductor, a Smaller Battery Can Be Used. Efficiency Gain
Upto30% inthe 1mAto 10mA Load Range (in PWM Mode)
Can Significantly Improve Applications That Operate with
Light Loads.

LTC3122 BOOST CONVERTER |
Viy = 1L.8VTO55V Vour

Vour = 12V i
SHUTDOWN AND START-UP |/ ™

lout SOMADIV

I\ Iy 200mADIV

™ Wy DROOPS DUE TO 152 OF SOURCE ESA R
), M Vg 15 DISCONNECTED FROM Viy

OFF oN [ OFF

Figure 5. Inrush Current Limiting at Turn-On Minimizes
Surge Currents Seen by the Input Source. The Output Is
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o Duty cycle, D:
VRa.mp(D *T)=Ves (8)

» Power stage:

VuuN eD=V. (9
NN .

P
With effort, all the equations can be consolidated into a
single, closed-loop equation. Equation 10 is a transcendental
equation with an exponential term that prevents us from solv-
ing it analytically, but it can be solved using computational
techniques and software tools. &%
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1. "Generate Realistic Models for LED Current Versus Voltage,” Keng C. Wu;
Electronic Design, Vol. 61, No. 1, p. 52, Jan. 10, 2013, http://electronicde-
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that are better solved using numerical computation rather than an analytical, closed-form approach.
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Slow Recovery
Still The Norm

Electronics industry executives adjust to slower
industry conditions as they look to new regions and
expanding markets for electronic content as key
growth drivers.

supply chain executives in May, TTT’s
Michael Knight characterized 2012 as a year in which the electronics
industry “went sideways,” explaining the flat to very low growth most dis-
tributors in the sector experienced compared to 2011. This is new for an
industry accustomed to sizeable year-over-year sales gains driven by new
technologies and an ever-growing need for electronic content in just about
all aspects of daily life.

“I think there’s a possibility that 2013 will be another ‘sideways,” said
Knight, TTT’s vice president, Americas, in a separate interview in early
May. “I think we'll see some slight ‘up; but that’s not how the industry his-
torically works. Plus or minus 2% or 3%, that’s just not how our industry
looks. But it’s happening.”

The slow economic recovery globally, combined with political uncertain-
ty and other pressures here at home, is the main culprit, and most distribu-

JULY 11, 2013

Globalization,

Product Obsolescence
Top Supply Chain
Challenges

Distributors respond with tools to
help engineers and procurement
professionals meet the increas-
ingly complex electronics supply
chain, says Components Direct’s
Steve Martin.

up with
Steve Martin, executive
vice president of sales at
Components Direct, a
franchised distributor
that specializes in excess,
obsolete, and end-of-life
electronic components.
We asked Martin to dis-
cuss the state of the electronics supply chain and
provide an industry outlook for the remainder
of the year. He pointed to globalization, product
obsolescence, and the increasingly important
role of electronic commerce as key issues shap-
ing the electronics supply chain. What follows
are excerpts from our conversation.

Steve Martin

DISTRIBUTION RESOURCE: What are some
of the most important challenges facing the
electronics industry today?

STEVE MARTIN: I think the number one
challenge is globalization and the supply chain
complexity that results from it. I see more glo-
balization and a resulting leakage in collabora-
tion between everyone in the supply chain.
Companies are engaging in manufacturing
product and distributing product in different

Continued on Page 52
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Continued from Page 51

tors say they are thankful for the contin-
ued drive for more electronics, which
is helping to temper the situation. The
drive for smarter cars, medical equip-
ment, appliances, and other consumer
devices is helping boost sales for many
companies, and so is factory automation
as the trend toward producing products
closer to home gains steam. It all adds
up to an electronics marketplace poised
for continued slow growth in the second
half of the year, say Knight and others.

“It’s looking to be a very slow
recovery, says Julie Yuan, managing
director of California-based regional
electronics distributor Amidon. “It’s
certainly become more of a challeng-
ing marketplace.”

THE NEW NORMAL?

Although conditions are improving,
most economists predict continued
challenges in the manufacturing sector
and the overall economy for the remain-
der of 2013. In a late May economic
update, the Manufacturers Alliance for
Productivity and Innovation (MAPI)
predicted 3% growth in the manufactur-
ing sector this year—a moderate pace,
but about a percentage point faster than
the general economy. Looking further
out, MAPI predicts 3.6% growth in the
sector in 2014, also about a percentage
point better than the general economy.

“The major constraint on consumers
in 2013 is that wages are not growing
much faster than the inflation rate and
spendable income is further reduced
by higher taxes,” MAPI chief economist
Daniel J. Meckstroth said, adding that
despite volatility and the struggle for
growth there are reasons for optimism
between now and the end of the year.
Rising home prices, pent-up demand
for consumer durables, and more bal-
anced job growth between manufac-
turing, mining/construction and ser-
vice industries are a few key reasons.

Despite that optimism, electronics
industry executives look to the remain-
der of 2013 with a cautious eye, and
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Mouser Electronics is looking to expand its
Americas business with new growth in Cen-
tral and South America, says Steve Newland,

vice president of sales for the Americas.

many are seeking growth by expand-
ing their reach globally. Amidon is one
such company. Yuan says the distributor
will open an office in Hong Kong later
this year to capitalize on its growing
customer base in Asia. Similarly, large
catalog distributor Mouser Electronics
is looking to expand in the Americas. It
is in the process of opening a new office
in Mexico and is conducting a feasibil-
ity study to open one in Brazil. Expan-
sion in the Americas follows Mouser’s
focused growth in Europe and Asia over
the last few years.

“l see automation really shaping [the indus-

try],” says Steven Engineering’s Paul Burk.
“Customers are asking to automate pro-
cesses that they never have before.”

“We're starting to get more focused on
[Central and South America], [because]
we've seen some nice growth in Mexico
and Brazil,” explains vice president of
sales for the Americas Steve Newland,
pointing to Mouser’s mature business in
North America.

For many, mature North American
markets are complicated by the slow
recovery here at home. Looking at U.S.
manufacturing in particular, economic
activity had slowed as of early June com-
pared to the beginning of the year.

The Institute for Supply Manage-
ment’s Purchasing Manager’s Index
(PMI), which measures U.S. manufac-
turing activity, declined steadily from
February to May, when it hit its lowest
point in four years. May’s PMI registered
49, a nearly 2% slide compared to April
and signaling a decline in manufactur-
ing activity.

A PMI above 50 indicates growth in
the sector. A PMI below 50 indicates
contraction. May’s reading was the first
contraction since November 2012 and
only the second since July 2009. Pur-
chasing managers interviewed for the
survey indicated a flattening of demand
due to the sluggish local and global

economies.

REGIONALIZATION, AUTOMATION
KEY FACTORS

Rising costs are another key con-
cern throughout the supply chain.
When it comes to transportation,
logistics, and labor, such increases are
signaling a new manufacturing trend
that bodes well for many distribu-
tors. Some North American execu-
tives point to a trend toward regional
manufacturing, also referred to as
on-shoring or re-shoring, as original
equipment manufacturers (OEMs)
seek to build their products closer to
where they will be consumed, espe-
cially large, heavy products that are
costly to ship around the world.

The situation is heightened as labor
costs increase in traditionally low-cost
regions such as Asia. Avnet Electronic
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Marketing’s Ed Smith says the trend
is helping to increase manufacturing
activity in Mexico, as one example.

nies are saying, ‘T have certain products :

that are worth building in Asia and cer-
tain products I need to build in America
[because] it’s not worth the logistics cost
to build them in Asia and ship them
back,” says Smith, Avnet EM’s president
for the Americas, adding, “I don’t know
ifTd call it on-shoring or re-shoring, but
there is clearly an increase in manufac-
turing [in places such as] Mexico. Some
may view it as on-shoring or re-shoring.
I think there’s just less going out and

more being built in the regions where

it’s being consumed””

Angelo Hrenczuk, director of sales,
thermal materials, for electronics man-
ufacturer Laird Technologies, agrees !
and says he sees more automotive and

appliance manufacturing returning to
Mexico as well.

“The chasing of low-cost centers is
going to have to end,” Hrenczuk says.
“Anything that’s big and expensive to
ship is coming back?”

Hrenczuk adds that an increase in
manufacturing in North and Central
America will also signal an increased
need for factory automation as manu-

facturers seek to become more competi-
tive—another boon to many electronics :

distributors’ business.

Northern California-based Steven
Engineering is already reaping the

rewards of that trend, says vice president
of marketing Paul Burk. The specialty
distributor of electronic components
and industrial automation equipment
is predicting double-digit growth this
year, with factory automation work
driving much of it. Burk points to medi-
cal/biotech, alternative energy (mainly
wind), and food and beverage process-
ing equipment as key growth areas for
Steven Engineering.

‘Capacitor Suppliers Meet

- Growing Market Demands

“I think what’s happening is, compa-

- The global capacitor market will grow 2.5% over the next
five years, driven by demand for more complex electronics
and innovative component solutions.

is expected to
reach $20.2 billion in revenue by 2018,
according to a new report from industry
research firm Research and Markets.
The report predicts a 2.5% compound
annual growth rate for capacitors world-

wide, driven by trends that continue to
¢ affect the overall electronics industry,
including demand for compact, por-
table, and more complex electronic
devices and the accompanying need for
better, smaller, and more efficient com-
ponent solutions.

The anticipated increase follows
a decline in the global capacitor mar-
ket in 2012 due to slowing shipments
of PCs and televisions, weaker produc-
tion capacities for wireless handsets, and
lower consumer and business spend-
ing on electronics, the report says. The
industry also suffered from the lingering
effects of natural disasters in 2011, par-

ticularly the Japanese tsunami early in
the year and severe flooding in Thailand
. in the second half.

But the growing amount of electronic
content that’s employed in automotive
applications and the increased demand
for consumer electronics such as note-
books, ultrabooks, and smart phones
are key trends driving capacitor growth
over the long term. Component manu-
facturers are responding with enhanced
products and solutions that offer greater
efficiency and compact size to meet the
new demands. Distributors were pro-
moting many of these new offerings
online this spring.

“I see automation really shaping [the !

industry],” says Burk. “Customers are
asking to automate processes that they !

never have before” W
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ON THE MARKET
Kemet Corp. released a series of new
* tantalum chip capacitors in May: the

Kemet’s T488 Small Case Substrate Ter-
minal MnO2, T527 Facedown Polymer, and
T529 Small Case Substrate Terminal Polymer
tantalum chip capacitors offer the highest
capacitance values available in both a stan-
dard 2012 and 3216 EIA case size with maxi-
mum package heights of as low as 1 mm.

T488 Small Case Substrate Terminal
MnO?2, the T527 Facedown Polymer,
and the T529 Small Case Substrate Ter-
minal Polymer. These miniaturized solu-
tions offer the highest capacitance values
(22 to 220 pF) available in both a stan-
dard 2012 (2 by 1.2 mm) and 3216 (3.2
by 1.6mm) Electronic Industries Asso-
ciation (EIA) case size with maximum
package heights of as low as 1 mm.

The capacitors also feature advances
in counter-electrode technology and
package design, resulting in the lowest
equivalent series resistance (ESR) val-
ues available in the industry for these
package sizes (see the figure). Typical
markets include computer/consumer
and telecommunications. Mouser Elec-
tronics (www.mouser.com) is among the
top distributors that are promoting the
new offerings.

Regional distributor Tonar Indus-
tries (www.tonar.com) is promoting

Continued on Page 56
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Few Companies Ready
For Conflict Minerals Regs

An IHS poll reveals that more than a third of electronics indus-
try firms have made no plans to meet new requirements.

say they are pre-
pared to meet new government regula-
tions for reporting their use of so-called
conflict minerals, according to industry
analyst THS. The regulations, which took
effect in August 2012 with initial report-
ing to begin in May 2014, are part of the
Securities and Exchange Commission’s
Dodd-Frank Wall Street Reform and
Consumer Protection Act of 2010.

IHS polled 134 electronics industry
managers this spring and found that just
7.5% said they were well prepared to
meet compliance rules. More than 35%
of respondents said they haven't started
developing compliance plans, and the
remainder of respondents were some-
where in the middle.

The new conflict minerals require-
ments apply to publicly traded compa-
nies but will have far-reaching implica-
tions for the electronics supply chain.
Because manufacturers procure prod-
ucts and materials from all over the
world, it’s likely that one or more supply-
chain partners will require information
regarding the sourcing of conflict min-
erals, THS explains.

Conflict minerals are raw materi-
als mainly sourced in the Democratic
Republic of Congo, where their trade
fuels criminal networks and perpetuates
violence in the region. The materials—
tantalum, tungsten, gold, and tin—are
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used in the electronics market in every-
thing from cell phones to pacemakers.
IHS estimates that 15 cents worth of tan-
talum was in every smart phone shipped
when Dodd-Frank was originally signed
in 2010, for example. In 2012, this would
amount to $93 million worth of tanta-
lum in smart phones, IHS says.

Newark element14’s Ken Manchen,
director of safety, health, and environ-
mental affairs for the electronic compo-
nents distributor, has said the rule will
affect distributors and suppliers as they
must report back to customers on the
presence and origin of conflict minerals
in the components they supply.

“This requirement will apply to both
private and foreign suppliers, even if not
regulated by the SEC,” Manchen said last
fall. “A manufacturer will not be able
to prepare a report without gathering
reports from their suppliers.”

Compliance is costly and time-con-
suming, but THS notes industry efforts to
help support the process. IHS’s content
solution strategist Scott Wilson points to
the smelting industry in particular.

“Smelters are a good control point, and
this simplifies how far back in the supply
chain companies have to go,” Wilson told
an IHS webinar audience earlier in April.

Wilson also pointed to resources
such as the Organization for Economic
Cooperation and Development, which

has issued guidelines that outline the
key aspects of compliance. He also said
companies should focus internally on
four key areas as they develop compli-
ance strategies:

Management systems: Most material
requirements planning (MRP) and
enterprise resources planning (ERP)
systems can track materials, but may
not be programmed to do so. Com-
panies need to determine if their sys-
tems need additional capabilities.
Identify and assess risk: Companies
should prioritize the suppliers that are
most likely to use or source conflict
minerals.

Respond to the risk: If suppliers don’t
share information, companies should
consider alternative sources.

Audit smelters: An Electronics Indus-
try Citizenship Coalition (EICC)
standard provides the necessary guid-
ance and content. B

Continued from Page 54

new products from Cornell Dubilier.

¢ The manufacturer expanded its line of

SPCX and SPSX surface-mount alumi-
num polymer capacitors, which are now

- available with lower ESR and higher

capacitance values, making them top-
performing filter capacitors for board-

. level power conversion applications.
Both types are supplied in a surface-

mount molded package with the same
footprint as a D size tantalum capacitor

. in a thin profile of 1.9 mm with voltage

values ranging from 2 to 6.3 V dc.
ATC’s ultra-broadband capacitors

:are among Digi-Key’s (www.digikey.

com) newest passive component offer-
ings. They offer reliable and repeatable

. ultra-broadband performance from 16

kHz through more than 40 GHz. With
ultra-low insertion loss, flat frequency

‘ response, and excellent return loss, the

550L series is ideal for dc blocking, cou-
pling, bypassing, and feedback applica-

: tions requiring ultra-broadband perfor-
- mance, the companies say. B
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parts of the world. This creates many challenges in ensuring
that all standards of production and distribution are correctly
adhered to and that, ultimately, the traceability of that prod-
uct back to the original manufacturer has not been obscured
in any way. Keeping a tight control on this process has been
something our industry is continuing to deal with.

Another challenge is the reduction in the product lifecycle
of more and more components, which ultimately leads to an
increasing rate of obsolescence in the supply chain. As manu-
facturers reduce the lifespan of many parts, and innovations in
technology are occurring at faster and faster rates, this results
in an increase in parts becoming obsolete and no longer pro-
duced by the manufacturer. The demand for this product,
however, may still be present, resulting in a severe mismatch
between supply and demand.

DR: Counterfeit components are another challenge. What
are the key issues buyers should consider when trying to
keep counterfeit components out of their supply chains?
MARTIN: This is a really wide topic of discussion. There is

a tremendous amount of things they need to do, but a few
come to mind first. They need to work with a trusted supplier
and have a continuous plan for vendor reduction. Also, they

need to buy parts direct from the manufacturer or through
the franchised or authorized distributor. If they go outside
the authorized channel, there are a few telltale signs to look
for: how many years a company has been in business; the

size of the company in terms of revenue; and whether they
are members of any industry trade groups. We're part of [the
Electronic Components Industry Association], for example.
In terms of warehousing, buyers need to know what the qual-
ity is, the handling, and the inspection process, both ingoing
and outgoing. Does the supplier have a counterfeit screening
or testing process in place? Are they ISO (International Orga-
nization for Standardization) certified? A lot of people say
they’re not certified but they are compliant. That should be a
telltale sign. A supplier really needs to be ISO certified to be
sure they’re on the up and up.

DR: Given the prevailing economic uncertainty worldwide,
what is your outlook for electronics distribution this year?
MARTIN: Even though there’s an ongoing recession in
Europe and slow growth in China, we are optimistic. Last
year was a building-block year. We expect right around 5%
growth in 2013.

Another growth area within the electronics distribution
industry that I predict we will continue to observe is an
increase in the growth of online purchases made by many
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design and procurement engineers. People are beginning
to recognize the important role that e-commerce plays
within electronic component distribution, not just in facili-
tating online sales for parts, but also researching data on
parts as well as price point variables.

DR: What end markets or geographies look most prom-
ising to you?

MARTIN: In terms of excess, obsolete, and EOL (end of
life) components, we're seeing that North America is very
promising. In addition, our e-commerce platform has seen
substantial growth in the last four months [in places such
as] Asia and South America. We see Brazil as a growing
market, and we expect growth in Mexico as well.

DR: Similarly, which end markets or geographies look
the most challenging?

MARTIN: Certainly Europe because of the economic diffi-
culties there. But we're also seeing some challenges in Asia.
There’s great opportunity in Asia, but I also think with the
counterfeit issue we're seeing that as a challenging market
as well, particularly with the proliferation of counterfeit
parts in China. If you look at China in particular, there

are a lot of newer companies. Whether they are OEMs,
OCMs, distributors, or [businesses] in the secondary mar-
ket, a lot of companies are popping up in China on a daily
basis, and there are no checks and balances on that. B
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High-Performance Computing
Design Kit Optimizes Any SoC

Performance
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Multi-bit flops minimize loading, area, and leakage

The Synopsys HPC Design Kit comes with a range of flip-flop designs. Using flops designed for

an initial delay and then setup can lengthen the critical path time (left). Lower loading, smaller

size, and reduced leakage can be achieved using shared logic designs (right).

HOW DO you get the optimum system-
on-chip (SoC) design? Tap the work
of other experts in the field.The Synop-
sys Designware HPC Design Kit deliv-
ers more than 125 design cells and
memories optimized for speed, space,
and power. It can be applied to SoC
designs that incorporate single-core
or multicore CPUs, GPUs, and DSPs. It
supports the latest TSMC 28-nm pro-
cess today and is expected to extend
this support to other nodes soon.

The new package can be applied
fo any design. It is different from ARM'’s
Processor Optimization Package
(POP), which targets specific archi-
tectures like the ARM CPU. POP-style
solutions are fine when dealing with
the main CPU, but this lafest kit works
with any CPU, GPU, or DSP core. It is
probably unnecessary and possibly
impossible to mix these approaches,
but the new HPC kit will be ideal for
custom designs.

The HPC kit includes a range of
flip-flop designs (see the figure). Each
optimizes a different set of criteria. It
would be great fo have one design
that is the smallest, fastest, and most
power efficient, but normally there
are tradeoffs so the fastest is not the
most power efficient.

GO TO ELECTRONICDESIGN.COM

CriticalHpath designs can benefit by
using a flip-fliop that optimizes the de-
lay from input fo output, which adds
more time to the critical path. Likewise,
a flip-flop that can extend the setup
fime also adds time to the critical
path, resulting in the ability to incorpo-
rate more logic between the two differ-
ent flip-flop implementations. Logically
they are the same at both ends, but
the fiming details are different.

In some instances, speed or crifi-
calpath fiming is less of an issue. In
this case, space and power efficiency
can be optimized. Register designs
that allow clock logic fo be shared
help. Synopsys calls these register
designs mulfi-bit flip-flops.

Also, the range of cells is an advan-
tage when mixing CPUs, GPUs, and
DSPs in an SoC. CPUs may have a
very high clock rate compared fo the
GPUs and DSPs in the mix. Using area-
optimized two-port memory ensures
reduced area and power implemen-
tation for GPUs.

The selection of design cells still re-
quires fradeoffs, but fargeted designs
permit optimization for particular sets
of attributes.
SYNOPSYS
WWW.SYyNOpsys.com

BILL WONG

Over
2500 Std. Models

Surface Mount and Thru-Hole

DC-DC Converters
2V to 10,000 VDC Outputs

Low Profile / Isolated
Up to 10,000 Volts Standard Regulated
and Programmable Models Available

Up to 350 VDC Outputs

(Units up to 150 Watts)
Regulated / Wide Input Range
Isolated Outpugs

INDUSTRIAL ¢ COTS ¢ MILITARY
Delivery Stock to One Week

15090012000

for sample quantities

PICO ELECTRONICS, Inc.

143 Sparks Ave., Pelham, New York 10803
Call Toll Free 800-431-1064 » FAX 914-738-8225
E Mail: info@picoelectronics.com
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Digital RF MEMS Capacitor Maximizes
Smart-Phone Antenna Efficiency

CAVENDISH KINETICS now offers a tunable RF MEMS capaci-
for that lets smart-phone antennas cover a wider range of
frequencies to ensure good efficiency.

Antennas can’t achieve maximum radiation efficiency
unless they're precisely tuned to the frequency of opera-
fion. However, most smart phones using LTE and other
broadband modulation schemes operate in multiple
bands that can extend from as low as 700 MHz to over
2300 MHz. Multiple antennas partially solve the problem,
but they take up foo much space in an already restricted
package—and add cost as well.

The solutfion is to tune the antenna to the band in use.
The simplest way to fune an anfenna is to add a vari-
able capacitor that can change the resonant frequency.
Electronically variable capacitors have been available for
years but have some disadvantages. For example, some
digitally variable capacitors use MOSFET switches to add
or subtract capacitors fo or from a parallel connected
network of capacitors. The on resistance lowers the Q of
the overall capacitance and, therefore, the efficiency.

Antenna frequency

50% tuning performance
o i Traditional antenna
5\40/0 E ' >per ormance
5 : :
530% ; :
o ) .
o . .
5 20% ; : Instantaneous
E ' . performance
10% . LTE E E
! band! :
0% o 1
600 700 800 900 1000

Frequency (MHz)
Using the Cavendish high-Q digitally variable MEMS capacitor, tun-

ing an antenna in increments significantly improves its efficiency
compared to un-tuned antennas. The improved efficiency ensures
reliable connections and higher data rates.

Cavendish solves this problem by using hundreds of
tiny MEMS capacitors that are selected digitally in groups
to vary the capacitance.The device behaves like a bank

DF50/50A Series, Hirose's 1.0 mm Positive
Locking Board-to-Wire High Density Connector

The DF50/DF50A Series are rugged connectors
that feature 1.0 mm pitches and a positive lock that
emits a tactile click to ensure a secure connection.
These versatile board-to-wire connectors are
available in either vertical or horizontal mount and
as a single or double row connector. Combine
these options with its locking mechanism and you
get a connector that occupies less board space.

HIROSE
HR§ i
U.S.A.

877-683-6723
www.heilind.com/rpages/hrs_dfS0_edmag

HEILIND

Performance. Trust. Innovation.
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of 32 high-precision high-Q capacitors using a 1P32T
switch with zero insertion loss. The capacitor has a
5+to-1 capacitance range from maximum fo minimum,
making wide-tuning frequency ranges possible. A serial
peripheral interface (SPI) takes the digital code fo vary
the capacitance.

The figure illustrates the difference in performance
between a standard un-tuned antenna and a Caven-
dish MEMS tuned antenna. Operating from 700 to 1000
MHz, the standard anfenna efficiency is less than 40%.
But tuning the antenna resonance at different parts of
the range greatly improves the efficiency.

This improved efficiency means more fransmitted or
received signal fo ensure not only a reliable connection
o the cell site but also higher data ratfes. In some cases,
a smaller anfenna can be used or an exfra anfenna
can be eliminated.

In addition fo antenna tuning, the Cavendish digitally
variable capacitor can be used fo design variable
impedance matching circuits, power amplifier networks,
variable filters, and phase shifters and other networks
that must be optimized for the operating frequency. It is
available in a 2- by 2- by 0.4-mm chip scale package
(CSP). Its operating voltage is 1.8 V. Production samples
are available now.
CAVENDISH KINETICS
www.cavendish-kinetics.com

LOUIS E. FRENZEL
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Fast Precision SAR ADCs Battle For Sockets

LINEAR TECHNOLOGY and Maxim
Integrated have announced high-
precision successive approximation
register (SAR) architecture analog-to-
digital converters (ADCs) for the in-
dustrial and instrumentation markets.
Linear’s is faster with higher precision
while Maxim’s has a smaller footprint
and integrates its own voltage refer-
ence, saving more board space.

Linear's 1-Msample LTC2378-

20-1 boasts an internal clock and
accepts external references that
can range from 2.5 to 5.1 V. It offers
+2-ppm integral non-linearity (INL)
and -0.5 differential non-linearity
(DNL) (max), no missing codes at
20 bits, and a 104-dB signal-to-noise
ratio (SNR).

Also, the LTC2378-20-1's data-sheet
guaranteed minimum signal-to-noise
plus distortion (SINAD) with a 5-V
reference and a 2-kHz frequency
is 101 dB, which calculates out fo
a 16.48 effective number of bits
(ENOB).The ADC comes in a 16-lead
mini small-outline package (MSOP)
and a 4- by 3-mm dual flaf no-lead
(DFN) package. In lots of 1000 units,
it costs $29.50 each. Linear offers less
expensive speed grades as well.

Maxim Integrated’s MAX11156 is
an 18-bit, 500-ksample/s, differential
input SAR ADC with a precision infer-
nal reference that allows for measur-
ing a bipolar input voltage range
of +5 V. With an external reference, it
can handle input ranges between
+3.05V and +5.19 V.

A patented charge-pump archi-
tecture permits direct sampling of
high-impedance sources.The ADC
also guarantees 18-bit no-missing
codes.The inputs are sampled with
a pseudo-differential on-chip frack-
and-hold that exhibits no pipeline
delay or latency.

The MAX11156's SINAD is 91.5 dB
minimum for a 14.9 ENOB. Its SNR is

GO TO ELECTRONICDESIGN.COM

93 dB, based on the internal reference.
Standard packaging is a 12-pin, 3- by
3-mm thin DFN (TDFN). Unit pricing for
the MAX11156 with built-in voltage
reference is $16.90.

LINEAR TECHNOLOGY
www.linear.com
MAXIM INTEGRATED
www.maximintegrated.com
DON TUITE
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Leading
Edge ATE

Why you should choose FASTPRINT

® Same day response, 24 hour quotes, daily
project updates and a technical service staff.

® 10+ years'experience in the leading edge
technology SemiTest industry.

® The varieties of product exceed 15,000 per
month, leading the world.

® Quick turn Lead-time specialists.

® Ensure Zero risk policy through local on-site
quality design Support & Test.

® Turnkey Solutions (CAD support - PCB
fabrication — Assembly) effectively
reducing delivery cycles times.

)00 electronics R&D and
manufacturingenterprises;choice

INICHINATANDIWORLDWIDE!

Flex and Rigid-Flex
boards (2-20 layers)

)

Metal Substrate boards

(Metal substrate, Embedded metal,
Heatsink, Sweat bonding,
Ceramic substrate)

® Layer count up to 46 layers

® Min line width/spacing: 2.5/ 2.5 mil

® Max aspect ratio 30:1

® Min mechanical drill size 6 mil

® Min Spacing between via to Conductor 4mil
® Conductive and Non-Conductive Epoxy Fill
® Blind and buried vias

® Embedded Capacitor/Resistor

Add: 3375 Scott BLVD Suite 139 Santa Clara CA 95054

/? FASTPR[NT Tel: (408)-550-2903 (408)-550-2908

www.chinafastprint.com

Email: sales-us@chinafastprint.com
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Texas Instruments is looking to fill engineering positions
working with semiconductor technologies. We are

recruiting @ various educational and experience levels:

Grass Valley, CA
* Analog Design Engineer - http://tinyurl.com/ol88wijg

Norcross, GA
* Analog Design Engineer - http://tinyurl.com/p8t35vr

San Diego, CA
* Applications Engineer - http://tinyurl.com/noob7jk

Stafford, TX
* Applications Manager - http://tinyurl.com/pfv2kpa

* Applications Engineer - http://tinyurl.com/ng8ocob

* Digital Design Engineer - http://tinyurl.com/q8gkw4m
* Electrical Design Engineer - http://tinyurl.com/qb7rdsp
* Product Engineer - http://tinyurl.com/np79qzk

* Software Design Engineer - http://tinyurl.com/owbgncx
* Software Engineer - http://tinyurl.com/q7xzjag

* Systems Engineer - http://tinyurl.com/qj2ep64

* Systems Manager - http://tinyurl.com/owyl585

Woodland Hills, CA
* Tech Sales Rep/Eng - http://tinyurl.com/ppht2zc

Some positions may require some travel. Please

send in resumes using the individual URL code for the
position listed. EOE.

{i} TEXAS INSTRUMENTS

IR’s New 1200V IGBTs Deliver Higher Power Density and
Increased Efficiency for Motor Drive and UPS Applications

1200V IGBT

IR has introduced a family of rugged 1200V ultra-fast
insulated-gate bipolar transistors (IGBTSs) optimized for
industrial motor drive and UPS systems.

The new devices leverage IR’s field stop trench ultra-
thin wafer technology that delivers lower conduction and
switching losses. Co-packaged with a soft recovery low
Qrr diode and featuring @ 10us minimum short circuit
time rating, the devices are optimized for rugged industrial
applications.

The packaged devices cover a broad current range from 10 — 50A. Other key performance
benefits include Tjmax of 150°C, positive VCE(on) temperature coefficient for easy
paralleling and low VCE(on) to reduce power dissipation and achieve higher power density.
Die products are also available.
More information is available on the International Rectifier website at
http://www.irf.com/whats-new/nr130606.html
For more information, contact Sian Cummins,
scummini@irf.com, 310-252-7148.

The NEW .
'alalallaTaY=aldlaYa | g +\/

The place where engineering videos gather

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 THE SAME GREAT VIDEO CONTENT, IN AN EASY-TO-BROWSE FORMAT

more. Quick-Turn volume

Recent Videos

Trade Show Coverage

adapters are our specialty.

In the past, we've been told by our design
engineers that Engineering TV is their favorite
place to “geek out? Well get your computers

let you explore the technologies that are of
interest to you — everything from Aerospace to
Embedded to Robotics. Plus, we film at all the

Ironwood Electronics . . : : } i ]

1335 Eagandale Court ready, because Engineering TV is all new and  key electronics and design engineering trade
Ea MN 55121 completely redesigned! shows, so even if you can't attend, you can
T gany404—0204 Browsing the most compelling videos is find out everything that is happening at these

easierthan ever. Ournew engineeringchannels  important events.

CHECK US OUT TODAY:

F: 952-229-8201

www.ironwoodelectronics.com

62 7.11.13 ELECTRONIC DESIGN


http://www.irf.com/whats-new/nr130606.html
mailto:scummin1@irf.com
http://www.engineeringtv.com
http://tinyurl.com/ol88wjg
http://tinyurl.com/p8t35vr
http://tinyurl.com/noob7jk
http://tinyurl.com/pfv2kpa
http://tinyurl.com/nq8ocob
http://tinyurl.com/q8gkw4m
http://tinyurl.com/qb7r4sp
http://tinyurl.com/np79qzk
http://tinyurl.com/owbqncx
http://tinyurl.com/q7xzjag
http://tinyurl.com/qj2ep64
http://tinyurl.com/owyl585
http://tinyurl.com/ppht2zc
http://www.ironwoodelectronics.com

Direct

W A AVTECH ELECTROSYSTEMS LTD.
0 ep AVTECH MAMNOSECOND WAVEFORM ELECTRONICS
—L SINCE 1975

COMELTERNG, 40 — 300 ps RISE TIME PULSE GENERATORS

Since 1989
p— Avtech has pioneered the design of subnanosecond
J i) Lay@wﬁ @@gﬁ@gg rise time pulse generators and now offers over 35
=3 - > m. | S models which provide 40-300 ps rise times with 5 to
Prototype & Production 100 Volt output amplitude and PRF to 250 MHz. These
models are ideal for testing high speed semiconductors
and optoelectronics in both laboratory and factory floor
applications. See www.avtechpulse.com/speed for
details. Customized models are also available.

50 ps/DIV, 5V/IDIV
Model AVP-3SA-C

Best Quality ! Best Price

Call more information at 408-982-9358
E-mail:Sales@otterusa.com
WWW.OTTERUSA.COM Pricing, manuals, datasheets and test results: www.avtechpulse.com

Tel: 888-670-8729 Fax: 800-561-1970 Email: info@avtechpulse.com

300 ps tr, 100 V, Model AVI-V-HV2A-B

Otter Computer, Inc.

25Gb/s per differential pair Spring Pin Socket for Kelvin Resistance
AirMax VSe® high speed backplane connector Measurement

FCI's AirMax VSe® backplane connector system Power management devices need to
enables a migration path to data rates of 25Gb/s be measured precisely for resistance
with the flexibility of an open pin field design. | Kelvin techni I
Backwards mating-compatible with Airax VS va UQS. QVIﬂ echnique  allows
headers and receptacles, AirMax VSe connectors precise resistance measurement of
feature reduced connector weight and cost, devices using BGA or QFN socket
simplified PCB board scheme, and low insertion loss. over a wide temperature range with
[ronwood Electronics’ Kelvin socket
technology. BGA and QFN GHz
bandwidth Sockets for pitches down to 0.4 mm pitch and
bandwidth to 40 GHz, with industry’s smallest footprint
simplifies development cycle.

feleannecteomvnetevEIpTrents Ironwood Electronics, Inc.

Fc ' 1335 Eagandale Court
Eagan, MN 55121
= T: 800-404-0204 » F: 952-229-8201
Proven Connections™ Email: info@ironwoodelectronics.com

Tnoiative Solutions Web Site: www.ironwoodelectronics.com
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LabBench

BILL WONG | Embedded/Systems/Software Editor

bill.wong@penton.com

Are You Writing

Safe And Secure Software?

ecure Boot, iPhones, mulch, safety, and
Ada—I promise to tie them all together,
since they’re all related. Sort of.

As a programmer, I try to write code that’s not
only functional but also safe, secure, and reliable.
I work at learning the best techniques, using the
best compiler tools, and taking advantage of the
latest technology. Great. Everyone knows that C
dominates the embedded space. But what if some
of those things I learn or use aren’t quite right?

tacked a poor, helpless iPhone

... BUT EVERYONE USES MULCH

So now the mulch. You've seen it everywhere
on landscaped lawns. There are giant mounds
around every tree. It looks great, if you like that
kind of thing. It makes mowing, especially with  Apple.
large riding lawnmowers, so easy.

Unfortunately, piling bark mulch around most anything,
especially trees, isn't a great idea. Compost is good around
bushes, but trees don’t like anything stacked up on their bark.
There are other good uses for bark mulch, though.

C and C++ aren't quite as bad as mulch around trees, but
using them just because everyone else does can be an issue
because they’re prone to bugs. Dangling pointers and buffer
overflows are common C bugs.

... AND NOW THE IPHONE

Researchers at my alma mater, Georgia Tech, attacked
an iPhone using a smart USB charger (see the figure). Apple
decided to use digital rights management (DRM) to restrict
licensing of high-current USB chargers. Essentially, the charger
handshakes with the phone using the USB data channel before
it raises the amount of power delivered.

The charger sends a key in its handshake packet. The
researchers caused a buffer overflow. This form of injection
attack is common in jailbreaking smart phones and other devic-
es. They take advantage of a software bug.

The number of buffer overflow attacks on everything from
smart phones to servers is rather extensive, though. One might
think that avoiding these kinds of problems would improve the
safety and security of quite a few systems.

64

Georgia Tech students at-

using a string overflow bug in
the phone’s USB charger DRM
support designed to restrict
chargers to those licensed by

The new USB standard also provides a high-
current feature, but it does not use the data link.
Instead, it uses some creative analog signalling.

Y READ ABOUT ADA 2012, TO BE SAFE
This brings me to Ada, which is designed
from the ground up for safety and security. Its
features also turn out to make bug-free pro-
gramming much easier. But from a program-
ming perspective, I'm still a neophyte. I have
been using it more and learning quite a bit
about it, but I defer to the experts in trying to
convince programmers about its advantages.

Safe and Secure Software - An Invitation to
Ada 2012, a free e-book from AdaCore avail-
able at www.adacore.com/safe-secure-booklet,
highlights programming issues that arise with
any programming language. Of course, it explains why Ada
2012 is a better solution often because it does things that other
languages, including C++ and Java, do not address.

For example, Ada’s type system puts most others to shame.
Its pointer support provides finer-grain control, allowing the
compiler to catch more errors. Ada’s storage management is
something that most languages relegate to libraries, but there
are reasons for incorporating it into the compiler.

Ada 2012 also brings contracts out of the SPARK comment
realm and into the language itself. This is reason enough to take
another look at Ada, but there is plenty more. The book shows
the problems, how they are addressed with other languages, and
why Ada was designed to address these issues.

The book offers a flavor of Ada, but it is designed for any pro-
grammer. It addresses Ada basics like built-in range checking
that probably would have caught the iPhone charger problem.
Hopefully, the book will get you thinking.

Still, C and C++ won’t be abandoned en masse. Tools like
MISRA C can help. I recommend looking into static and
dynamic analysis tools because they do make a difference. &2l

Follow Bill Wong on Twitter at #AlfEmbedded. =

Become a fan at facebook.com/ElectronicDesign. [i
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Ever wished for a
better bench scope?

The new R&S®RTM: Turn on. Measure.

Easy handling, fast and reliable results — exactly what users expect
from a bench oscilloscope. Rohde & Schwarz opens the door to

a new world: Work with two screens on one display. Access all
functions quickly. Analyze measurement results while others are
still booting up. See signals where others just show noise.

That's the R&S®RTM.

Ever wished there was an easier way? Ever wished for more
reliable results? Ever wished you could do your job faster?

Then take a look.

www.scope-of-the-art.com/ad/rtm-video

ROHDE&SCHWARZ
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20V, 2.5A SWITCHER+
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Programmable Input & Output Current Limits and
Monitoring with Die Temp Sensing

The LTC®3626 SWITCHER+" is the first member of a new switcher family featuring programmable input and output
current limits, as well as on-chip die temperature monitoring with programmable thermal shutdown. These features
provide enhanced system level protection, control and real time status readings. Plus, its unique controlled on-time
architecture is ideal for high step-down ratios where high switching frequencies and fast transient response are essential.
The LTC3626 combines up to 3MHz switching with a small, compact solution footprint.

Output Current Monitor Error V Info & Free Samples

* 2.6V to 20V Input Voltage 5 www.linear.com/product/LTC3626
4
* Wide Output Voltage Range: 3 1-800-4-LINEAR
0.6V to 97%V1N 2 ﬁﬁﬁ
- S HN O o e e AT
¢ 95% Efficient 1[mmmmmm Faj lfI:L 7
* Up to 2.5A Output Current R

- Average Input and Output Current
Monitoring (IMONpy, IMONour)

- Programmable Average Input/Output -

Measured Output Current Error (%)
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|
|
i |
|

.. -4 —— Ta=25°C cds.linear.com/docs/Design%20Note/dn511.pdf
Current Limit . - Tg=-40°C gne P
- D,l € :Temp Monltor and Progr ammable ! 125 15 175 2 225 25 AT, LT, LTC, LTM, Linear Technology and the Linear logo are
Limit (TSET) Output Current (A) registered trademarks and Switcher+ is a trademark of Linear

Technology Corporation. All other trademarks are the property
of their respective owners.
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