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Energy efficient homes consume less power by using energy-efficient appliances 
and lighting. That’s a good start. However smart homes take energy conservation 
to the next level by monitoring and controlling energy usage with communications 
between the meter, thermostat, appliances and lights.

NEC Electronics offers LCD microcontrollers with an integrated metrology 
engine that simplifies design of smart electricity meters. With a 24-bit delta-
sigma analog-to-digital converter, power calculation hardware and power 
quality management circuits that detect tampering and power outages, these 
MCUs are ideal for next-generation smart meters.

Integrated Metrology Engine
> Up to 4-ch, 24-bit delta-sigma ADC
> Power calculation hardware
> Outage detection circuit
> Tamper detection circuit
> Voltage peak and sag detection
> Frequency/period measurement

78K0/Lx3-M LCD MCU  
10-MHz 8-bit MCU
>  Up to 60 KB flash memory, 

2 KB RAM
>  Up to 8-ch, 10-bit A/D converter
>  Real time counter with 

calendar function
>  CSI/UART interfaces
>  Integrated LCD driver supporting 

up to 160 segments

To learn more, visit
www.am.necel.com/smartmeter

Real-time energy measurement for 
the energy-efficient smart home

Thermostat

HVAC

TV

Solar Panel

Smart
Appliances

Lighting
Control

Electric
Meter

Making a smart 
home smarter.

Wireless and power line communications 
for efficient energy management 

© 2010 NEC Electronics America, Inc.
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39 Use eight timers with PIC16Fxxx microcontrollers

40 Tilt/fall detector has staggered thresholds

44 Electronically generate rotating magnetic fields

46 Voltage reference stabilizes current sink
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D E S I G N I D E A S

Burn out: Weak links 
affect HB-LED lifetime

28High-brightness LEDs 
for solid-state lighting 
can last 50,000 hours 

or more, but the components sur-
rounding them generate heat that 
can cause early failures. Proper 
selection of capacitors and other 
components, along with thermal 
management, can help you save 
your LEDs from an early demise.

by Margery Conner, 
Technical Editor

2.18.10
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Microsoft Dynamics® ERP helps us work more efficiently and 

provide better customer service.”

be able to act on data 

in real time

make it easier to manage 

cash flow

keep the most popular items in stock

make sure our orders are 
filled on time

automate our paper processes

and

and

and

and

and

and

“Wehavetomanage products in over 5,000 stores…

Microsoft Dynamics® ERP fits your company and business processes, not the other way around.  
It gives your people easier access to real-time actionable customer information for better 
decision-making and higher ROI.

To learn more about the efficiencies Microsoft Dynamics® ERP can create for your business,
go to microsoftdynamics.com/manufacturing
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Analog Power Supply / 
Power Management Devices
www.mouser.com/freescale/a

FAN21 TinyBuck™ Synchronous Buck 
Regulators 
www.mouser.com/fairchildtinybuck/

Power Management ICs
www.mouser.com/vishaypowerics/

The Newest Products
For Your Newest Designs

It’s more than just a part.  It’s the part you play in enhancing life.

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc.  Other products, logos, and company names mentioned herein, may be trademarks of their respective owners.

Green Mode PWM Controller: UCC28610
www.mouser.com/tipowermanagement/a

Get the latest power management products and technologies at Mouser. 

Experience Mouser’s time-to-market advantage with no minimums and same-

day shipping of the newest products from more than 400 leading suppliers.

www.mouser.com (800) 346-6873

WARNING: Designing with Hot, New Products
May Cause A Time-to-Market Advantage. 

er: UCC28610
wermanagement/ag
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Optimized for Active ORing and 
Hot Swap Applications

IR’s IRF6718
Delivers

Industry’s
Lowest RDS(ON)

*

 THE POWER MANAGEMENT LEADER 

For more information call
1.800.981.8699 or visit

www.irf.com

Part
Number

Package
Size

(mm x mm)

RDS(ON) @ 10V
typ. (m )

ID @TA = 25°C
(A)

IRF6718 7.1 x 9.1 0.5 270

Competitor 1 10.7 x 15.9 0.7 180

Competitor 2 5.1 x 6.1 0.95 60

Competitor 3 5.1 x 6.1 1.5 65

* Based on data complied September 2009

Features
• Industry Lowest RDS(on) for reduced
 conduction losses

• Superior electrical and thermal
 performance in smaller footprint than
 D2Pak

• Dual-sided cooling compatible

• Reduces component count and board
 space compared to competing solutions 

• Compatible with existing Surface
 Mount Techniques

• RoHS compliant containing no Lead or
 Bromide

FROM EDN’S BLOGS
Cadence Encounter Digital 
Implementation System 9.1: 
avoiding incorrect by construction
from Practical Chip Design, 
by Ron Wilson

One of the most serious problems with 
design flows for 32- and 28-nm designs, 
aside from the sheer complexity involved, 
is what you might think of as a mismatch 
between the flow and the process.
➔www.edn.com/100218toca

Competitive design challenges
from Embedded Processing, 
by Robert Cravotta
NXP just opened the doors on 
a competitive design challenge 

based on its LPC1100 Cortex-M0 proces-
sor. The challenge takes place over three 
phases covering concept, hardware, and 
prototype.
➔www.edn.com/100218tocb

Take a look at pg 35 in 
this issue to see a list of 
the innovative engineers 
and products our editors 
selected as finalists in 
the 20th annual EDN 
Innovation Awards. After 
perusing the candidates, 
head to the Web to view 
a write-up of each finalist 
and help us honor elec-
tronic innovation by using 
the easy electronic ballot 
to make your voice heard.
➔www.edn.com/
innovation

INNO ATION 
VOTE  NOW!
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about you? Are you going to have the 
augmentation it will take to compete 
in the 21st-century job market?

You might be wondering what Mc-
Gwire, Pistorius, and Montag have to 
do with you. Perhaps Mc Gwire and Pis-
torius don’t have much to do with you, 
assuming that you aren’t into hitting 
home runs or sprinting competitive-
ly. So maybe you can forgo the chem-
ical steroids and mechanical prosthet-
ic limbs. What about Montag, though? 
Various studies suggest that supposedly 
attractive people are more successful in 
their careers, even though they don’t 
aspire to be stars of the screen or stage.

Here is some advice from the Insti-
tute of Cosmetic Surgery (Reference 
1): “In today’s extremely competitive 
business world, men wear their résu-
més on their faces. Being qualified 
isn’t enough anymore. You have to 
look qualified, too.”

Perhaps you believe that your 
technical capabili-

ties vastly out-
shine any 

shortcomings on how qualified you 
might superficially look. Various drugs 
that alleviate the need for sleep have 
long been available, however. Suppose 
that a prospective employer required 
that you, as a condition of employ-
ment, take such medications and work 
80 hours or more per week.

Such examples only scratch the 
surface of the forthcoming age of aug-
mentation, according to futurist Scott 
Klososky, speaking at the annual Au-
tomated Imaging Association Busi-
ness Conference last month in Orlan-
do, FL. Klososky traced the history of 
technology’s augmentation of human 
capabilities from mechanical cash 
registers’ handling of basic arithme-
tic to the Internet’s support of shar-
ing data. He eschewed the term “ar-
tificial intelligence,” saying it implied 
fake intelligence, in favor of the term 
“augmented intelligence.” Augment-
ed intelligence, Klososky said, cap-
tures rules-based systems from the hu-
man brain and implements them in 
code that, for example, supports the 
self-learning text-processing system 
that the Apple iPhone uses. He out-
lined applications for augmented in-
telligence in which, for example, an 
augmented-intelligence system could 

interview a psychiatric patient by 
phone and detect symptoms of de-
pression.

Klososky said that augmented real-
ity will follow. In this scenario, heads-
up visor displays will augment what 
you are seeing with additional infor-
mation—perhaps the forgotten name 
of a person you have met. He described 
the layered Internet as a “paraverse” in 
which an individual’s avatar partici-
pates in various parallel universes. He 
also described virtual meeting rooms 
populated by such avatars, who don’t 
sit stone-faced but rather acquire attri-
butes that indicate their agreement or 
disagreement with various points that 
arose during the meeting.

What we really need, Klososky said, 
is an updated human-to-machine in-
terface. The QWERTY keyboard orig-
inating with the typewriter is hope-
lessly outdated, despite efforts to de-
ploy laser projections of its layout. He 
suggested that a true brain-to-comput-
er interface will replace the keyboard 
and that this neuroaugmentation will 
work at the speed of thought.

Are you ready for an implanted 
USB-like port that allows you to move 
beyond the keyboard and instanta-
neously download into your brain 
French 3.0 or the latest academic pa-
pers and competitive information re-
lated to your job? Klososky suggested 
that the first question at your next job 
interview might be, “What augmen-
tation do you have?” If you answer, 
“Nothing, I’m natural,” the interview-
er will most likely say, “Next!”EDN

R E FE R E N CE
1  Tarshis, Lorne M, MD, “Male Cos-
metic Surgery/Cosmetic Surgery for 
Men,” www.cosmeticscanada.com/
male-cosmetic-surgery.html.

BY RICK NELSON, EDITOR-IN-CHIEF

McGwire, Pistorius, Montag, 
and you

,,
E D N . C O M M E N T

 S
o, what do you think about Mark McGwire’s finally com-
ing clean and admitting to steroid use? What about Os-
car Pistorius, a double-amputee sprinter with carbon-fiber 
prosthetic feet: Should he have been denied a chance to 
compete in the Olympics? What about Heidi Montag? Is 
it exemplary that she has undergone 10 plastic surgeries in 

one day in an effort to excel at her profession as an entertainer? And  what

 Go to www.edn.com/100218ed
and click on Feedback Loop to post 
a comment on this column.

 www.edn.com/edncomment

+

+
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Plug in to our Power Tools
Make better, faster power inductor choices
with Coilcraft’s powerful web tools.

Start with an IC, a converter topology, or
a list of electrical and mechanical specs. In
seconds you’ll get a list of every Coilcraft part

that could work for you, complete with price
information. A few more clicks gives you a
detailed analysis of core and winding losses.

Check out our complete power designer’s
toolbox at www.coilcraft.com/powertools
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Now, you can have it all.™

Faster and easier than ever before. Our commitment 
to customer service is backed by an extensive product
offering combined with our supply chain and design 
chain services – which can swiftly be tailored to meet 
your exact needs. We have dedicated employees who 
have the experience to provide the highest level of 
customer service with accuracy and efficiency. All of 
our technical experts are factory certified on the latest 
technologies, providing you the expertise to move 
projects forward with speed and confidence.

Avnet offers the best of both worlds: extensive product
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skill which translates into faster time to market – and
the peace of mind that comes from working with the
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application engineers and our design engineering
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> Industry recognized product expertise
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“I need the fastest DMM they make.”

© 2009 Agilent Technologies, Inc. 

Agilent Authorized Distributor

Download the latest measurement brief and tips 
www.agilent.com/find/fastestdmm

They don’t make them any faster.
Nobody but Agilent makes a range of DMMs this fast, this accurate, or 
this reliable. Up to 1000 times more readings per second than the near-
est competitor’s, and far easier to use, you’ll rip through tests in a fraction 
of the time. It’s what you’d expect from the leader in DMM technology.

DMM Digits DC Max Function/Range IO
  Accuracy Readings Changes

34405A 5 1/2 0.0250% 19 / sec 0.2 sec USB

34401A 6 1/2 0.0035% 1,000 / sec .02 sec GPIB, RS-232

34410A 6 1/2 0.0030% 10,000 / sec 2.6 ms GPIB, USB,
   LAN (LXI)

34411A/ 6 1/2 0.0030% 50,000 / sec 2.6 ms GPIB, USB, 
L4411A   LAN (LXI)

34420A 7 1/2 0.0030% 250 / sec .02 sec GPIB, RS-232

3458A 8 1/2 0.0008% 100,000 / sec 3.0 ms GPIB

866-436-0887  www.metrictest.com/agilent 

6,000 instruments. One source.
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pulse
Agilent Technologies’ new N9923A 

FieldFox 2-MHz to 4- and 6-GHz RF 
VNAs (vector network analyzers) have 

0.01-dB/�C measurement stability, the indus-
try’s best, according to the manufacturer. The 
instruments also integrate the QuickCal VNA-
calibration capability, which enables consistent 
measurement results, providing confi dence in 
the data and eliminating the need to carry a 
calibration kit into the fi eld.

The units expand the manufacturer’s hand-
held-instrument portfolio and aim at factory and 
fi eld engineers who characterize or trouble-
shoot RF components for mission-critical appli-
cations in aerospace, defense, and network-
equipment manufacturing. As full two-port net-
work analyzers, the instruments allow operators 
to simultaneously measure and display all four 
S (scattering) parameters. The instruments pro-
vide more network-analysis capability than that 
of the previously announced N9912A FieldFox 
RF analyzer, which addresses requirements in 
wireless-system installation and maintenance. 
Each instrument weighs less than 6.2 lbs.

Calibration is critical in any VNA. Traditional 
methods can be problematic, especially in the 
fi eld, because calibration protocols require kits 
and hardware accessories that users must 
not only carry into the fi eld but also maintain. 
QuickCal addresses these annoyances by 
replacing the external items with internal com-
ponents. Operators can perform calibration in 
seconds, quickly and easily eliminating mea-
surement errors.

Another challenge with many portable instru-
ments is measurement stability over tempera-
ture. Although not an issue in temperature-
controlled offi ce environments, stability can 
pose problems in the large temperature vari-

ations that are common outside. The rugged, 
weather-resistant units have no fans or vents 
and are, according to Agilent, the only hand-
held network analyzers that meet or exceed 
military performance 28800F Class 2.

Additional features include a dynamic range 
of 100 dB, which enables accurate mea-
surements of high-rejection fi lters; cable and 
antenna test for distance to fault, return loss, 
and voltage-standing-wave ratio; one- and two-
channel vector voltmeters; power-meter mea-
surements to 24 GHz with a USB (Universal 
Serial Bus) power sensor; and a bright, wide-
angle display. US prices start at $12,000.

—by Dan Strassberg
�Agilent Technologies, www.agilent.com/
fi nd/fi eldfox.

Accurate, handheld, 4- and 6-GHz, 
two-port VNAs integrate calibration

EDITED BY FRAN GRANVILLE

“I can stop think-
ing about peri-
odic round trips 
to the charger 
and simply focus 
on building the 
robot.”
—Programmer Meredith Poor, in 
EDN’s Feedback Loop, at www.
edn.com/article/CA6715767. 
Add your comments.

FEEDBACK LOOP

INNOVATIONS & INNOVATORS
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Weighing less 
than 6.2 lbs, the 

FieldFox 4- and 6-
GHz, two-port VNAs 

boast a novel internal 
calibration system and 

0.01-dB/�C measure-
ment stability.
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Philips Research claims 
to have developed a 
color-e-paper technol-

ogy that allows for personal-
ization of electronic devices 
and has the potential for use 
in future large “e-wallpapers,” 
allowing users to adjust the 
color of a wall or smart window. 
According to Philips, its tech-
nology allows users to build 
colors of ink into one layer 
with separate control of each 
color. This approach allows a 
layer to be transparent, the 
same color as any one of the 
inks, or a mixture of multiple 
colors. Users can accurately 
control the saturation of each 
color in its e-paper so that they 
can produce any shade. Philips 
uses this technique to create 
“e-skin,” a less complicated and 
less expensive technology than 
paper that uses ambient light 
for energy effi ciency and for 
application in portable devices.

“The fi rst applications using 
the technology could be e-
skins for small devices, such 
as MP3 players or cell phones,” 
says Kars-Michiel Lenssen, 
principal scientist at Philips 
Research. “However, the tech-
nology is highly scalable. In the 
future, it will be possible to use 
e-skins to bring new color and 
a new aura or ‘vibe’ to much 
larger equipment.” A large e-
skin could make the concept 
useful for MRI (magnetic-res-

onance-imaging) or CT (com-
puter-tomography) scanners, 
potentially putting patients at 
ease, he adds. In ambience-
creation applications, refl ective 
e-skins complement the emis-
sive ambience-creation tech-
nologies that use LEDs (light-
emitting diodes) and OLEDs 
(organic LEDs) to create col-
orful light. “You could use LEDs 
or OLEDs when you want a 
theatrical look and e-skins 
when you want something 
more subtle and more natural-
looking that uses less energy,” 
Lenssen says.

Philips based its e-skin tech-
nology on its previous work 
with e-paper. Because the 
particles in suspension carry a 
surface charge, you can control 
their motion using an electric 
fi eld, or electrophoresis. When 
you create a pixel with colored 
particles in a clear suspen-
sion, applying an electric fi eld 
perpendicular to the surface 
makes the particles migrate to 
the top of the pixel, turning it 
dark and serving as the basis 
of the monochrome e-paper 
that e-book readers use. The 
e-skin technology features a 

gradient of gray levels from a 
highly transparent optical state 
to full black to allow future 
applications, such as smart 
windows.

To go from monochrome to 
polychrome, Philips uses in-
plane electrophoresis, which 
applies the fi eld parallel to the 
surface. This approach causes 
the colored particles to spread 
across the pixel, again turn-
ing it dark. When you reset 
the pixel, the colored particles 
hide behind a mask, so the 
pixel is completely transparent. 
Philips builds a gate electrode 
into each pixel, which provides 
control over how many col-
ored particles spread across 
the pixel and the saturation or 
shade of each color. Philips is 
open to licensing its technol-
ogy to other parties in other 
applications, such as e-paper 
displays.

—by Suzanne Deffree
�Philips Research, www.
research.philips.com.
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Novel e-paper personalizes electronic devices

Philips’ technology allows users to build different colors of ink into one layer and to control each 
color separately.

DILBERT By Scott Adams 
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PROGRAMMABLE DIFFERENTIAL ATTENUATOR FINDS USE IN AUDIO PREAMPLIFIERS
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With the introduction 
of CST (Computer 
Simulation Technol-

ogy) Studio Suite 2010, CST 
aims to help engineers and 
researchers solve EM (elec-
tromagnetic), mechanical, and 
thermal problems within an 
integrated design environ-
ment. The new version offers 
an extended range of solvers 
within one design environment, 
enabling you to analyze a va-

riety of applications without 
leaving the familiar CST inter-
face. It features a new asymp-
totic solver, which the company 
based on the shooting-bounc-
ing-ray method, an extension 
of physical optics, and can 
tackle simulations with an elec-
tric size of many thousands of 
wavelengths, thereby address-
ing applications such as radar-
cross-section analysis.

The CST MWS (Microwave 

Studio) frequency-domain 
solver, which featured true ge-
ometry adaptation with Version 
2009, now includes third- and 
mixed-order elements to further 
increase simulation effi ciency 
and speed. The frequency-do-
main solver is also the fi rst solv-
er to feature CST’s new sensi-
tivity-analysis approach.

The new version also in-
cludes the fl agship CST MWS 
time-domain solver, which in-

corporates functional en-
hancements, such as arbi-
trary-order dispersive-material 
modeling and domain decom-
position, in support of cluster, 
distributed, and GPU (graph-
ics-processing-unit) comput-
ing. The CST Microstripes 3-D 
EM-simulation tool serves 
engineers working on EMC 
(electromagnetic compatibility). 
The integration provides fea-
tures valuable in EMC simula-
tions. For more on Studio Suite 
2010, go to www.edn.com/
100218pa.—by Rick Nelson
�CST, www.cst.com.

Studio Suite 2010 addresses EM, 
mechanical, and thermal problems

That Corp recently an-
nounced the That5171 SPI 
(serial-peripheral-inter-
face)-controlled digital at-
tenuator. The fully differen-
tial device serves as part of 
a differential audio-signal 
path. You can set gain in 
1-dB steps. The part is com-
patible with the 1570 cur-
rent-feedback, differential 
audio preamplifier.

The IC operates from �5 
to �17V supplies. It sup-

ports input-signal levels as 
high as 22 dBu (decibels 
unloaded). That guaran-
tees the gain error at a 
maximum of �0.5 dB. To 
reduce “zipper noise,” the 
sound from digital step-
ping of gain, the 5171 has 
a zero-crossing detector 
that prevents the part from 
changing gain until the 
signal is within 5% of 0V. 
The product also features a 
differential servo amplifier 

that you can set up as an 
integrator to reduce dc off-
sets to less than 1.5 mV.

You control the 5171 
using an addressable SPI 
port and use the four gen-
eral-purpose, 3.3V digital 
outputs to control input 
pads, analog switches, 
mute circuits, and LEDs. 
The SPI bus supports read-
back so that your host 
software can verify proper 
operation.

Applications include 
microphone preamplifiers, 
digitally controlled instru-
mentation amplifiers, digi-
tally controlled differential 
amplifiers, and digitally 
controlled audio instrumen-
tation. The 5171 comes in 
a 7�7-mm QFN package, 
sells for $6.70 (1000), and 
operates in the �40 to 
�85�C range.—by Paul Rako
�That Corp, www.thatcorp.
com.

You can use the That5171 differential attenuator in high-performance microphone-preamplifier signal paths.
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Linear Technology’s new 
high-speed LTC4449 
synchronous MOSFET 

driver drives upper and lower 
power N-channel MOSFETs 
in a synchronous rectified-
converter topology. This driver 
combines with a Linear Tech-
nology dc/dc controller and a 
power FET to form a complete 
high-efficiency synchronous 

regulator that can serve as a 
step-down or step-up dc/dc 
converter.

The LTC4449 drives MOS-
FET gates over a range of 4 
to 6.5V and operates from a 
supply voltage as high as 38V. 
The driver sinks as much as 
4.5A and sources as much as 
3.2A, making it ideal for driv-
ing high-gate-capacitance and 

high-current MOSFETs. It can 
also drive multiple MOSFETs 
in parallel for higher-current 
applications.

The top MOSFET has rise 
and fall times of 8 and 7 nsec, 
respectively, and the bottom 
MOSFET has rise and fall 
times of 7 and 4 nsec, respec-
tively, when driving a 3000-pF 
load, minimizing switching loss-

es. The driver integrates adap-
tive shoot-through protection 
to prevent the upper and lower 
MOSFETs from conducting si-
multaneously and to minimize 
dead time.

The LTC4449 features a 
three-state PWM (pulse-width-
modulation) input for power-
stage control and shutdown 
that is compatible with all mul-
tiphase controllers employing a 
three-state-output feature. The 
device has a separate supply 
for the input logic to match the 
signal swing of the controller 
IC, as well as an undervoltage-
lockout circuit on both the driv-
er and the logic supplies. 

The LTC4449EDCB is 
available in a 2�3-mm DFN-8 
package for prices starting 
at $1.25 (1000). The indus-
trial-grade version, LTC4449-
IDCB, operates over a �40 
to �125�C operating junction-
temperature range and sells 
for $1.39 (1000).

—by Fran Granville
�Linear Technology Corp, 
www.linear.com. 
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High-speed synchronous N-channel-
MOSFET driver has powerful gate drive 

The LTC4449 MOSFET driver gates over a range of 4 to 6.5V and operates from a supply voltage 
as high as 38V.

MENTOR ADDS SYSTEMC SUPPORT TO CATAPULT C

02
.1
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Mentor Graphics has continued to expand the reach of 
its product with its core Catapult C synthesis engine. In 
December, the company added support for control-logic 
synthesis and some level of power management. The com-
pany has now taken another step, adding a pre processor 
that makes SystemC code into a form that the Catapult C 
engine can use.

For some people, SystemC is a way to document and 
explore systems at the transaction level. For some, it is a 
cycle-accurate tool for creating test benches. For still oth-
ers, it’s the first stage in synthesizing an actual design. 
Each of these users employs a different subset of the lan-
guage and uses code in a different way. In an attempt to 
please almost all of these users, the tool handles abstract, 
untimed C�� code, TLM (transaction-level-modeling) 2.0-
compliant SystemC, and cycle-accurate SystemC, employ-
ing, for example, the wait construct, according to Shawn 
McCloud, product-line director at the company.

Mentor is emphasizing the accurate representation 
and synthesis of complex bus interfaces and, in some 
instances, on-chip interconnect. The ability to generate 

production-quality RTL (register-transfer-level) logic from 
SystemC representations of these structures combines 
with Catapult C’s ability to generate useful RTL logic for 
functional blocks to bring the tool closer to the goal of 
digital full-chip synthesis.

Accordingly, Mentor provides SystemC creation and 
simulation in Vista, including lint, coverage, and runtime-
checking tools. After synthesis, Catapult generates inser-
tions into your RTL to assist in Questa RTL debugging. You 
can also synthesize much of your SystemC test bench and 
reuse it at RTL.

HLL (high-level-language)-synthesis tools are increas-
ingly addressing the full range of needs of a design team 
at both the block and the full-chip levels. But even as HLL 
tools improve, the design community continues to increase 
its reliance on IP (intellectual-property) blocks and IP-inte-
gration methods. The long-term importance of these tools 
may lie in their ability to describe, model, and refine an as-
sembly of IP rather than their ability to create a chip from a 
sheet of paper.—by Ron Wilson
�Mentor Graphics Corp, www.mentor.com.
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Q. How do you measure 
a varying signal?

A. Very carefully! Archimedes 
had to measure gold in a crown; 
measuring arbitrary waveforms 
is even tougher.

The simplest measure of a 
varying signal is its mean or 
average value over some time 
interval, but this can be mis-
leading. Suppose that we have a 
square wave with a 1:1 mark-space 
ratio and 1 V peak-to-peak amplitude. 
What is its mean value?

With a positive peak of +1 V and a nega-
tive peak of 0 V, the mean value is 0.5 V. 
With a positive peak of 0.5 V and a nega-
tive peak of –0.5 V, the mean is 0V. If this 
signal were applied to a resistor, however, 
it would get warm; this would not happen 
with a steady 0-V signal.

So perhaps we should disregard the 
polarity for power purposes? If, in the 
second case above, we removed the 
sign or polarity before taking the mean, 
then the “mean absolute” value would 
be 0.5 V just like the first case. But if we 
applied these two signals to the same 
resistor, it will get much warmer with the 
first signal than with the second, so the 
mean value of a varying voltage or cur-
rent does not tell us enough about its 
heating effects. DC, sine waves, square 
waves, sawtooths, and gaussian noise 
with the same mean voltage have very 
different heating effects.

This is because the power in a resistive 
load is proportional to the square of the 
applied voltage. In fact, the measure 
we need is the Root Mean Square or 

rms value of the varying signal. This is 
the square root of the mean value of 
the square of the signal. We could get 
very mathematical here, but there is 
no need. Although it is possible to use 
analog-to-digital conversion and high-
speed digital signal processing (DSP) 
to obtain the rms value of a varying 
signal, the same job can be done more 
accurately with a simple analog circuit 
using multipliers and op-amps—easily 
built but even more easily (and cheaply) 
bought as an IC.

Such rms-to-dc converter ICs are a con-
vincing example of signal processing 
that is still more effective with analog 
rather than digital technology. Analog 
rms-to-dc converters use less power and 
board space than their DSP counter-
parts, and are available for use at LF or 
at RF up to almost 10 GHz, where DSP 
cannot yet work at all. Their architectures 
and performance are described in the 
linked articles.

Don’t be Mean - be Root Mean Square!

To Learn More About
Measuring Varying Signals

http://designnews.hotims.com/27736-101
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How do you think product 
defi nition should work in 
an analog semiconductor 
company?

You didn’t really need 
an equipment expert 

20 years ago. An op amp is so 
general-purpose that it would 
compete on parameters and 
specs. As systems got more 
complex and integration took 
hold, we needed to have peo-
ple who exactly understand 
the end-customer system. 
Sometimes, our customers 
don’t understand their own 
subsystems. Many companies 
don’t have power-manage-
ment experts, yet power man-
agement is critical to the per-
formance of their end prod-
ucts. There lies an opportunity 
for us to bring that expertise 
and use it to come up with 
differentiated products. We 
alleviate our customers’ head-
aches. In the future, custom-
ers won’t really care what an 
IC does as long as it solves 
their entire problem.

Apple shows this approach. 
If you buy an iPhone, it takes 
you 10 minutes to know 
how to use it. It’s exactly the 
same with chips and ICs. If 
you handed a 300-page data 
sheet to a customer, they don’t 
have the time and sometimes 

not even the expertise to be 
able to read it. Ease of use 
also applies to ICs. To do that, 
we need to have elegance in 
product defi nition. We need 
product defi nition that’s tar-
geted, that’s specifi c, and that 
solves the problem with the 
least amount of headache. 

When a customer calls us 
and wants to use our product, 
we need to have experts in 
product defi nition who can go 
in and solve the problem in the 
shortest amount of time. That 
service is what differentiates 
our products. Ted [Tewksbury, 
IDT’s president and chief 
executive offi cer] has put an 
emphasis on this issue. We’ve 
been bringing that end-equip-
ment expertise into IDT.

Some companies call [this 
person] a product defi ner. 
Some companies call him a 
system architect. Some com-
panies call him a marketing 
person. Some companies call 
him a fi eld-application engi-
neer. It doesn’t matter what 
title you give that person. 
You’ve got to have a person 
who has the system knowl-
edge of your customer and 
who can bring a value to your 
customer. No customer ever 
wants to talk to a salesman 
or a fi eld-application engineer 

who doesn’t understand his 
problems.

So, do you view your 
customers’ jobs as 
opportunities?

Absolutely. We have to 
bring value to a meet-

ing. We want to solve this 
problem that you have. We 
want to exactly understand 
that problem. That differenti-
ates companies and drives 
sales. It’s not just an IC design 
anymore. It used to be that 
you would execute on a prod-
uct specifi cation. If you came 
up with a lower offset volt-
age on an op amp, you would 
win the business. It’s not that 
way anymore. The world has 
become so complex and sys-
tems have become so com-
plex. The end equipment may 
have one or two ICs inside. 
The whole thing is integrated. 
That guy who understands 
how to apply that IC is the one 
who wins the business.

Smartphones have lots of 
analog and power-manage-
ment content. Is that the 
kind of business you want 
to do?

At IDT, we have a 
diverse set of tech-

nologies that apply not just 
to smartphones but also to 
e-books and display applica-
tions. We have a whole bag 
of technologies available to 
us. I think mobile computing 
is important. I can’t speculate 
on whether it’s smartphones, 
e-books, or other audio and 
video handheld devices.

Your knowledge of process 
seems to play well serving 
an entire system. Can you 
comment on that aspect?

We’re going to be look-
ing at all these system 

pieces at IDT. In the front 
end, we look to provide RF 
devices. On the back end, we 
are looking at providing the 
power-amplifi er devices. It’s 
not an issue of whether we 
need to have analog, digital, or 
DSP capabilities. It’s an issue 
of providing tools for a com-
plete system. I don’t think that 
any company has a choice in 
being an analog supplier or a 
mixed-signal supplier or a dig-
ital supplier. You have to have 
this bag of tricks.

What is your attitude about 
fabless versus captive-fab 
operation?

We need certain tech-
nologies to be differ-

entiated from our competition 
and to provide special value 
to a customer. We don’t need 
to have a fab to have those 
differentiated technologies. 
So, whether or not you own a 
fabrication facility, I think it’s 
immaterial. We can develop 
specialized process technolo-
gies within any of the captive 
foundries.

Could you comment on 
IDT’s broad spectrum of 
part types?

Ted has a vision that 
you’ve got to have 

these foundations—these pil-
lars that we put in place now 
to invest for the future. Touch 
technology is going to be a 
must. Audio is going to be a 
must. If you look at what IDT 
has been doing, we’ve been 
putting in place all these tech-
nologies that we think are 
needed for the next 10 years.
—interview conducted and 
edited by Paul Rako
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IDT (Integrated Device Technology) recently hired Mansour 
Izadinia as senior vice president of the analog and power 
group, signaling the company’s growing emphasis on analog  

and mixed-signal products. He has seven patents in the ana-
log field and has authored several articles on the subject. EDN 
recently interviewed him. A portion of that discussion follows. To 
read more, go to www.edn.com/100218pb.

Mansour Izadinia: 
spreading analog expertise

A

A

A

A

A

A
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(www.eigroup.org/ibis). This standard 
is alive and well, and the IBIS con-
sortium released Version 5 in August 
2008. IBIS uses I-V (current-to-volt-
age) and V-t (voltage-to-time) data 
tables to describe a device’s I/O-pin 
characteristics. Manufacturers gener-
ate these tables by simulating or mea-
suring their devices’ I/O cells.

This type of simulation tool is nec-
essary for high-speed designs that are 
now stretching up to clock rates of 20 
Gbps. The simulation times for IBIS 
are considerably shorter than those 
of Spice, and the results are equally 
accurate. It takes days or weeks for a 
large PCB system to complete a tran-
sistor-level Spice simulation, whereas 

an IBIS simulation takes minutes or 
hours to execute. From an IBIS simu-
lation, you can generate transmission-
line responses and eye diagrams.

Customers are now asking for IBIS 
support with lower-frequency devic-
es, with clocks that operate at fre-
quencies lower than 40 MHz. Even at 
the lower frequencies, digital-signal 
edge rates cause signal-integrity issues. 
These fast edge rates can be responsi-
ble for clock signals that ring, causing 
a misinterpretation of a command or 
even an unexpected gain of two from 
an ADC. IC manufacturers have so-
phisticated analog Spice macro mod-
els for precision devices, but they are 
just catching up with the IBIS digital-
I/O-model library. Figure 1 illustrates 
an example in which an IBIS-model 
simulation would be useful.

In this circuit, the designer has 
not paid attention to line impedanc-
es. The figure shows the measured re-
sults at an ADC in the system. The 
ADC and processor reside on their re-
spective boards, and the designer sim-
ply connected the two boards togeth-
er through 1m Category 5 twisted-pair 
cables. The frequency of the clock sig-
nal from the processor is 2.25 MHz 
(CH3). The ADC uses this signal to 
synchronize the transmission of data 
back to the processor (CH2).

Initially, the designer thought that 
the low clock speed between these two 
devices would not cause termination 
problems. However, the termination 
used in this circuit creates signals that 
exceed high and low thresholds, caus-
ing ringing and degraded eye diagrams. 
IBIS simulations to the rescue! Save 
time and reduce costs. Identify prob-
lem digital circuits before turning your 
circuit into hardware.EDN

Bonnie Baker is a senior applications 
engi neer at Texas Instruments. You can 
reach her at bonnie@ti.com.

BY BONNIE BAKER

From high to low frequencies 
with IBIS

,,
B A K E R ’ S  B E S T

 O
ne challenge that high-speed-digital-system designers 
have is tackling overshoot, undershoot, mismatched-im-
pedance ringing, jitter distribution, and crosstalk prob-
lems on their PCBs (printed-circuit boards). These prob-
lems fall into the category of signal integrity. Many high-
speed-system designers use the IBIS (input/output-buf-

fer-information-specification) modeling language to anticipate and solve 
signal-integrity problems. This modeling language has been around since 
the early 1990s and has evolved into a formal standard: EIA-ANSI 656-B

Figure 1 An IBIS simulation would be useful in this example, in which the clock- and 
data-signal-termination method creates signals that exceed specified high- and low-
level thresholds. See the online version of this article at www.edn.com/100218bb for 
a block diagram of the system.

      For a list of references, go to www.
edn.com/100218bb.
+
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 T
ake one no-longer-manufactured but still 
perfectly good laptop. Add one dog chas-
ing one cat. Top it all off with one half-filled 
glass of Merlot. What do you have? My latest 
Prying Eyes project (see “Felines, fluids, and 

laptops: a potent fusion,” www.edn.com/blog/400000040/
post/1950031395.html). How did Dell squeeze such an 
abundant number of functions, including an optical drive, 
into a svelte, 12.1-in., wide-screen-LCD form factor that 
is only 1.5 in. thick and weighs a shade more than 4 lbs?

A second-generation, 
1.6-GHz Pentium M 725 
Dothan processor, which 
Intel fabricated on a 90-
nm lithography process, 
powers this Inspiron 
700m. The processor has 
a 2-Mbyte L2 cache and 
mates to the first-genera-
tion 855GME core-logic 
chip set. The Pentium M 
CPU was a much-needed 
mobile success story 
for Intel after its mostly 
underwhelming NetBurst 
predecessor, and the 
Pentium M’s power-opti-
mized microarchitecture 
influence subsequently 
spread throughout the 
company’s product line.

The Inspiron 700m employs the now-obsolete 
PATA (parallel-advanced-technology-attach-
ment) interface for both the hard-disk drive 
and rewritable-DVD drive. The performance 
gap between PATA and more modern SATA 
(serial ATA) is largely evident only when doing 
burst transfers into and out of the drives’ RAM 
buffers. Nonetheless, the simplified cabling 
topology that SATA’s few-wire interface incurs 
is particularly attractive in cramped-quarters 
designs. Although its Merlot bath caused the 
system to fail, its hard drive was intact, and, 
by removing it and installing it in a USB2 
enclosure, I was subsequently able to recover 
all of its data.

Prying—not crying—out the wine

PRY FURTHER AT EDN.COM

Read an expanded version of this 
article at www.edn.com/
100218pry.

BRIAN DIPERT • SENIOR TECHNICAL EDITORP R Y I N G  E Y E S

A mini-PCI (peripheral-component-interconnect) connector 
provides the means by which Wi-Fi support appends to the 
Inspiron 700m. This system configuration employs a Broadcom 
BCM94318 transceiver; Dell also optionally shipped the 
Inspiron 700m with Intel-sourced 80.11g connectivity. 
Broadcom’s BCM440x IC supports 10/100-Mbps wired-
Ethernet services. The system even includes a rarely seen 
nowadays 56-kbps analog modem. For external-display con-
nectivity, Dell supplies VGA and S-Video-connector options.

+

The Inspiron 700m does not 
embed Bluetooth capabilities; 
dual USB (Universal Serial Bus) 
2 ports provide one means of 
augmentation, and industrious 
hackers have also figured out 
how to internally embed this 
feature by tapping into USB. 
The system also supports 
IEEE 1394, or Firewire, along 
with module-based peripheral 
expansion through PC Card 
and SD (secure-digital) Card 
slots. ExpressCard slots now 
supersede PC cards.

Dual SODIMM (small-out-
line dual inline-memory-
module) slots—one under 
the keyboard and the 
other on the bottom of 
the system—each accept 
as much as 1 Gbyte 
of DDR333 PC2700 
SDRAM. The 2 Gbytes of 
aggregate maximum sys-
tem memory is sufficient 
for Windows XP and 
Linux, but Windows Vista 
and Windows 7 would 
find it lacking.
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In 2004, 32-bit processors hit a pric-
ing milestone when Philips, now NXP, 
and Atmel offered ARM7 processors 
with 8-bit features, such as atomic bit 
manipulation and brownout-detec-
tion circuits, for as little as $3. How-
ever, providing a low-cost processor 
does not change the evaluation pro-
cess; other considerations also mat-
ter in a designer’s choice of processor. 
Although this price point brought 32-
bit processors into consideration for a 
new set of applications, it did not spell 
the end of the market for 8-bit proces-
sors (Reference 1).

In 2006, Luminary Micro, now Tex-
as Instruments, opened its doors for 
business with a 32-bit ARM Cortex-
M3 microcontroller that sold for less 
than $1. At this price, 16-bit proces-
sors would surely feel some pressure. 
Once again, price is only one advan-
tage that the smaller processors have. 

Like 8-bit processors, 16-bit processors 
have a class of applications to which 
they deliver just enough performance 
at the best price and power-consump-
tion level, making it difficult for gen-
eral-purpose 32-bit architectures to 
compete (Reference 2).

In late 2009, NXP rolled out an 
ARM Cortex-M0 processor that sells 
for 65 cents. This price places this de-
vice squarely in pricing competition 
with 8-bit processors. The lowest pub-
lic pricing information puts 8-bit pro-
cessors at 45 cents to $10 per device 
(Reference 3). As people predicted, 
the difference in pricing between 32- 
and 8-bit processors is trending toward 
zero. 

A few other things make this new 
pricing milestone with the Cortex-
M0 a little more interesting, howev-
er, and worthy of a deeper look. The 
Cortex-M0 has replaced the Cortex-

AS 32-BIT PROCESSORS APPROACH 
PRICE PARITY WITH 8-BIT PROCESSORS, 

WILL THAT PARITY CHANGE THE 
MARKET FOR 8-BIT PROCESSORS?

BY ROBERT CRAVOTTA • TECHNICAL EDITOR

 M
oore’s Law observes that the number of 
transistors doubles for the same area ev-
ery two years. The relentless fulfillment 
of this observation has been the rallying 
point for those who predict that 32-bit 
processors will replace 8-bit processors. 
The argument starts with the fact that 
the relative size difference between an 8- 
and a 32-bit-processor core approaches 

zero compared with the other resources on the chip as the tran-
sistor geometry continues to shrink (Figure 1). As the difference 
in the silicon area of 8- and 32-bit cores shrinks to nothing, 8-
bit processors lose the price advantage that they once enjoyed.
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M3 as ARM’s smallest, lowest-power, 
and most energy-efficient 32-bit-proces-
sor core to date, whereas the M3 is the 
clear migration target from the M0. De-
signers can implement the M0 core in 
as few as 12,000 gates. As a result, the 
M0 implements a substantially smaller 
subset of the 16-bit Thumb2 instruc-
tion-set architecture that the M3 fully 
supports (Figure 2). ARM based the 
subset on the statistical frequency of the 
most commonly used Thumb2 instruc-
tions. The loss of function of the con-
strained instruction set is that the sys-
tem must use multiple instructions to 
perform what a single instruction in the 
full Thumb2 instruction set could do.

NXP claims that the code density of 
its M0 processor is better than the code 
density of the 8- and 16-bit processors 
on the market. Code density can be a 
loose proxy for processing performance; 
smaller code for the same function might 
correlate with fewer memory fetches 
and faster execution for the same task. 
There might also be a loose correlation 
to a lower energy budget for systems that 
switch between sleep and active modes. 
The faster system might consume more 
power, but it may also require less energy 

to perform the same task as the slower 
system because the faster processor can 
go back to sleep sooner. So there are 
some technical issues that bear inves-
tigation with regard to M0 and smaller 
processors.

INFLECTION POINT?
Another reason to explore how low 

32-bit processors can go is that ARM 
claims that the Cortex-M0 has the fast-
est adoption rate of any of the company’s 

processor cores. ARM also claims that 
half of its M0 licensees are new to ARM, 
with a strong implication that those ven-
dors were traditionally serving the 8- and 
16-bit-application areas. The public list 
of licensees lists only NXP, Triad Semi-
conductor, and Melfas from a list of at 
least 15 licensees, so it is hard to draw 
any conclusions. However, considering 
ARM’s statements, the Cortex-M0 may 
have crossed a key threshold, and its 
adoption by so many new licensees may 
signal an inflection point in the mar-
ket serving 8-, 16-, and low-end 32-bit 
applications.

In addition to processor vendors’ roll-
ing out smaller and lower-priced 32-bit 
processors, some traditional 8- and 16-
bit-processor vendors have rolled out 
their own 32-bit products. Microchip 
in 2007 added the 32-bit, MIPS-based 
PIC32 processor to its line of more than 
650 PIC processors. The PIC32 uses the 
same development tool set as the 8- and 
16-bit devices, and the Explorer 16 plat-
form hosts the processor because the 
platform maintains the software, periph-
eral, and pin compatibility that the 16-
bit processors supported on that same 
platform.

In 2009, Cypress Semiconductor 
rolled out the 32-bit Cortex-M3-based 
PSoC5 (programmable system on chip) 
alongside the single-cycle, 8051-based 
PSoC3. The 32-bit PSoC5 roll-out is not 
a big surprise. The 8051-based PSoC3 is 
a surprise, however, because the compa-
ny had for years offered a proprietary 8-
bit PSoC1 product. The PSoC Creator 
software tool set supports development 
for both new processor families, and 
PSoC Designer supports the PSoC1. 
PSoC Creator also makes it easier for 
developers to migrate from or between 
8- and 32-bit designs.

In 2007, Freescale took the 8- and 32-
bit common tools a step further with the 
Flexis line of processors. These proces-
sors share pin, tool, and common periph-
eral IP (intellectual property). In each of 
these cases, the companies provide not 
just a silicon migration path between 
their 8- and 32-bit-processor options but 
also a common tool set and common pe-
ripheral API (application-programming 
interface) to reduce the pain of an archi-
tectural migration.

The 8- and 32-bit-processor markets 
continue to approach pricing parity, but 
part of the basis of that pricing parity is 
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AT A  G LAN CE
More processor vendors than 

ever before are straddling 8-, 16-, 
and 32-bit-processor offerings.

The expansion of low-end 32-bit-
processor offerings may indicate an 
inflection point in the embedded- 
processing market.

Even when a benchmark tries 
to cover differences in architecture 
sizes, you need to understand the 
target to make sure your benchmark 
tests are appropriate.

The 8- and 16-bit processors 
can meet price and energy thresh-
olds years before 32-bit processors 
can meet those same thresholds.

�

�

�

�

Figure 1 The relative area of different processor architectures becomes a smaller por-
tion of the overall device package as transistor size continues to get smaller. The area 
of the M0 core (black outline) encompasses approximately 16,000 gates. The green 
outline denotes the area of a two-clock 8051 core that contains debugging in approxi-
mately 11,000 gates. The M0 includes debugging and a similar interrupt controller. The 
process is a 0.14-nm node (courtesy NXP).
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the fact that 8-bit processors rely on old-
er, fully depreciated, process geometries 
and the fact that 32-bit processors rely 
on advanced process geometries to ap-
proach matching that pricing. The as-
sumption in the market seems to be that 
8-bit processors will not continue to 
move down the process curve. Until re-
cently, however, little price competition 
existed to drive the need to make that 
move. So pricing parity alone is prob-
ably not sufficient to replace the 8-bit-
processor market.

BENCHMARKS
At this point, NXP’s code-density 

claim for the M0 becomes more impor-
tant. However, measuring code density 
and processing performance is tricky at 
best, especially when the processing ar-
chitectures differ significantly and aim 
at different problems. In the case of 
NXP’s claim, the company was compar-
ing the code density and processing per-
formance of the CoreMark benchmark. 
CoreMark’s developers introduced it in 
2009, and it focuses exclusively on the 

processor core rather than the memory 
architecture’s ability to hide latency. It 
comprises several core functions that try 
to exercise 8-, 16-, and 32-bit operation 
in roughly equal amounts. A state-ma-
chine component, which is basically an 
8-bit implementation, covers 8-bit op-
eration, and 8-bit processors are strong 
in this task. 

A double-link list is another compo-
nent of the benchmark that is a process-
ing sweet spot for 16-bit architectures; 
however, the benchmark sizes the link 
list to be appropriate for 8-bit architec-
tures because the list contains only 14 
elements. This detail is important be-
cause the designers of the benchmark 
considered the implications of using the 

benchmark on different-sized architec-
tures. When running the benchmarks, 
however, you must understand these 
types of trade-offs to ensure that the 
compiler is generating code with the ap-
propriate assumptions.

In the case of the double-link list, it is 
a reasonable assumption that a compiler 
will specify 32-bit pointers for a 32-bit 
processor and 16-bit pointers for a 16-
bit processor. However, what size point-
ers should the compiler use for an 8-bit 
processor? Remember that the bench-
mark should exercise a task that would 
be reasonable for the target processor 
to perform; otherwise, the exercise will 
produce noise. 

Unfortunately, when you are compil-
ing code like this, you probably need 
to explicitly tell the compiler to use 8-
bit pointers. Implementing 16- or 32-
bit pointers on an 8-bit processor in 
this way grossly overstates the needed 
code and data memory for a data struc-
ture that you would never use on such a 
small machine. Rather than occupying 
3 bytes per data element, the structure 

A DOUBLE-LINK LIST 
IS A PROCESSING 
SWEET SPOT FOR 16-BIT 
ARCHITECTURES.

Figure 2 The Cortex-M0 implements a subset of the Cortex-M3 Thumb2 instruction-set architecture (courtesy NXP).
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would occupy 5 or 7 bytes per data ele-
ment. Additionally, the code would re-
quire additional instructions to load the 
16- or 32-bit addresses.

On an 8-bit processor, a double-link 
list would reasonably use 8-bit data with 
two 8-bit pointers. Using 8-bit pointers 
in this data structure might necessitate 
the use of a base or an index pointer, and 
it would place a hard limit on the size of 
the list so that the entire data structure 
would fit within the 8-bit address. In this 
case, the list is 14 elements long—far 
short of the approximately 80-element 
maximum for implementing 8-bit point-
ers with this type of data structure. 

Another component of the bench-
mark is matrix manipulations. This 
component favors those architectures 
that can implement looping optimiza-
tions and comprises 16- and 32-bit op-
erations that favor architectures with 
32-bit math units or other features, such 
as SIMD (single-instruction/multiple-
data) extensions. The final component 
of the CoreMark benchmark is a 16-bit 
CRC (cyclic redundancy check) that 
acts as a verification task and helps bal-
ance the 16-bit operations with the 8- 
and 32-bit operations. However, just 
because an operation is a 16- or 32-bit 
operation does not mean that an 8-bit 

processor is completely inappropriate for 
the task. Infineon’s 8-bit XC878 core 
has 16- and 32-bit extended, semiauton-
omous peripherals that allow the system 
to perform these extended tasks without 
overburdening the processor core (Fig-
ure 3). These extended peripherals are 
appropriate for an application-specific 
processor with a well-known set of tasks 
and constraints to meet tight cost and 
power targets.

Unfortunately, when comparing 8- 
and 32-bit architectures, you cannot 
completely separate out the performance 
of the components in the CoreMark 
benchmark so that you examine only 
those that are relevant to your target. 
As with the Infineon processor, how-
ever, you can in a sometimes economi-
cally feasible way make a specialized part 

that further complicates apples-to-apples 
comparisons without a deep understand-
ing of the problem and target processors. 
Code density is a tough measurement to 
compare because, as you expand for the 
double-link list, each processor size be-
comes appropriate for analogous imple-
mentations of different types and sizes of 
data sets.

POWER AND ENERGY
The 8- and 16-bit processors also of-

ten have an advantage over 32-bit pro-
cessors in power consumption or, more 
important, system-level energy. When 
comparing processors, you must mea-
sure the energy the system consumes 
while asleep, the energy it wastes when 
it wakes up, and the energy it consumes 
to actively perform these tasks. The en-
ergy the system loses while the proces-
sor wakes up from sleep is a function of 
system settling times during which the 
clock-signal-propagation time is in the 
range for proper processor operation. 
How often the system has to wake up 
compared with how much energy it con-
sumes performing active processing de-
termines the impact of this requirement 
on the system.

Other than for pricing reasons, 8- 
and 16-bit processors use older process 
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Figure 3 Semiautonomous peripherals allow a smaller system to perform extended tasks without overburdening the processor core 
(courtesy Infineon).

THE 8- AND 16-BIT 
PROCESSORS OFTEN 
HAVE AN ADVANTAGE 
OVER 32-BIT 
PROCESSORS IN 
SYSTEM-LEVEL ENERGY.
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geometries because the larger geom-
etries allow a much lower leakage cur-
rent than do more advanced processes. 
This fact is especially important for sys-
tems that sleep most of the time. How-
ever, choosing a process geometry that 
yields a lower sleep or leakage current 
is a trade-off because it also means that 
the system has a higher active current 
when the system is awake. As a result, 
the energy consumption represents a 
trade-off of the ratio of sleep and active 
processing the system will experience. 
Smaller and larger processors can take 
significantly different amounts of time 
to finish a task, further complicating the 
trade-off. A 32-bit processor’s ability to 
complete active processing more quick-
ly than an 8-bit processor can offset the 
32-bit device’s higher power consump-
tion because it can spend even more 
time in sleep mode and yield a net sav-
ings in system energy dissipation.

Contemporary processors are imple-
menting ever-more-sophisticated power-
management techniques. These innova-
tive approaches go beyond the process-
geometry issues to the heart of resource 
allocation and sizing. A small example, 
such as NXP and Texas Instruments are 
using, is the use of ROM to house sys-
tem drivers and libraries that represent 
the final integration of a function as a 
hardware block and a firmware block. 
Using ROM in this way provides stabili-
ty to targeted low-level functions, and it 
may reduce the amount of program flash 
a design might otherwise need if the de-
signer left those functions as software for 
the end developer. The need for smaller 
flash can in a small way affect the to-
tal silicon cost and energy requirements 
for the system. By itself, this savings is 
not large, but combining many of these 
small types of savings can result in real 
and measurable cost and energy savings.

CRYSTAL BALL
Although 32-bit processors can ap-

proach cost and energy parity with 8-
bit processors, contemporary discussion 
about low-end 32-bit processors often 
overlooks an analogous relationship be-
tween FPGAs and ASSPs (application-
specific standard products) at the high 
end of the processing market. The pro-
cessing sweet spot for FPGAs is a task 
that can leverage arbitrarily wide sig-
nal-processing algorithms that design-
ers implement as hardware-acceleration 

blocks. FPGAs have an advantage over 
DSPs when the signal-processing algo-
rithm is specialized or wide enough to 
benefit from using more parallel execu-
tion units than a hardened processor ar-
chitecture has. 

Designers base the number of execu-
tion units they implement in a DSP or 
a microprocessor on a trade-off between 
silicon cost, energy consumption, and 
the ability of the target applications to 
keep all of the implemented execution 
units busy enough to justify their inclu-
sion in the device. Texas Instruments 
and Freescale offer the C6472 and 
MSC8156 DSPs, respectively, which 
have six cores. Both companies explored 
the choice of eight-core configurations, 
but the six-core configurations struck 
the best balance of cost, power, and re-
source usage for the range of targeted 
wireless applications. An FPGA need 
not balance the execution units across 
multiple application designs as an ASSP 
does because each design can indepen-
dently implement the optimum number 
and type of execution resources for each 
design.

However, as algorithms and applica-
tion mature, patterns emerge. Archi-
tects of ASSPs can take advantage of 
these patterns to provide systems that 
are better than FPGAs from cost and 
energy perspectives in high-volume ap-
plications. DSP vendors, such as Texas 
Instruments and Freescale, have inte-
grated into their processor architec-
tures the Turbo and Viterbi decoding 
algorithms as hardware accelerators. An 
FPGA has a tough time competing with 
these types of processors with hardware 
accelerators when they provide a perfect 
match with the processing requirements 
of a design. 

Does this relationship mean the even-
tual end of FPGAs, or does it mean that 
a key value of FPGAs is that designers 
can feasibly, technically, and economi-
cally implement innovative designs with 
an FPGA years before ASSPs can com-
petitively support those same designs? 
In a similar fashion, 8- and 16-bit pro-
cessors will be able to reach lower price 
and energy thresholds years before 32-
bit processors can feasibly support those 
same thresholds. 

At the low end of the embedded-de-
sign market, the key constraint is not 
the amount of processing performance 
you can cram into a unit of time but 

rather what kind of processing you can 
perform with ambient energy. Energy-
scavenging-based designs and low-speed, 
cascading, or feedback-based-processing 
mesh designs are potentially huge emerg-
ing applications that smaller processors 
will be able to enable years before 32-bit 
processors feasibly can. However, these 
types of applications have an addition-
al significant hurdle to overcome before 
they can explode onto the scene be-
cause the programming paradigm of the 
past few decades has directed program-
ming languages, development tools, and 
processor architectures to focus on opti-
mizing processing capability over a unit 
of time rather than how to extract pro-
cessing value in a variable and energy-
starved environment.EDN
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HIGH-BRIGHTNESS LEDs FOR SOLID-STATE 
LIGHTING CAN LAST 50,000 HOURS OR 

MORE, BUT THE COMPONENTS SUR-
ROUNDING THEM GENERATE HEAT THAT 

CAN CAUSE EARLY FAILURES. PROPER 
SELECTION OF CAPACITORS AND OTHER 

COMPONENTS, ALONG WITH THERMAL 
MANAGEMENT, CAN HELP YOU SAVE YOUR 

LEDs FROM AN EARLY DEMISE.

BY MARGERY CONNER • TECHNICAL EDITOR

poor choice or poor layout of the other components that 
surround a microprocessor, including capacitors and the 
PCB (printed-circuit board), can cause these compo-
nents to overheat and ultimately fail.

Lighting products have historically been reliable, but 
as electronics-rich CFLs (compact fluorescent lights) be-
gan to replace incandescent bulbs, consumers began see-
ing the products’ early failures. In some cases, these fail-
ures resulted from poor product selections. CFLs are not 
a good choice for lights that users frequently turn on and 
off, such as those in a closet. CFLs also require proper air-
flow, which they may not get in a downward-facing light 
fixture. Other failures are due to low-quality lights in the 
product design, the components in the design, or the 
units’ assembly methods. The electronics components 
surrounding the fluorescent tubes rather than the tubes 
themselves are often the culprits that cause these failures. 
As residential, commercial, and industrial lighting begins 
to incorporate HB-LED (high-brightness-light-emitting-
diode)-based SSL (solid-state lighting), will SSL be simi-
larly prone to short lifetimes and reliability problems?

Product lifetime and product reliability are different 
things. “Lifetime” refers to the length of time an end us-
er can expect a product to work, whereas “reliability” re-
fers to how many products per thousand a user can expect 
to fail in normal use during their expected lifetime. HB-
LED-device manufacturers often quote lifetimes of 50,000 
hours or more for the devices (Reference 2). However, 
specifying lifetimes for HB-LED-based lights is more com-
plicated than using the lifetime for an HB LED because 
the lighting unit comprises an LED driver—a power sup-
ply whose lifetime and reliability vary based on its inter-
nal components. Capacitors usually have shorter specified 
lifetimes than the other components in the driver circuit.

T
he trendy nature of con-
sumer electronics and the 
rapid advances in IC fea-
tures and capacity have 
led to a culture of prod-
ucts that need not out-
last the next wave of de-
vices: When an iPod or 
a cell phone fails after a 

year or two, many consumers are willing to 
dispose of it and buy the next version with 
its cool new features (Reference 1). How-
ever, electronics are finding their way into 
not only solid-state lighting but also auto-
mobiles, home appliances, and energy man-
agement and monitoring, and for these ap-
plications customers expect lifetimes of 10 
years and beyond. Not all electronic com-
ponents are unreliable. It’s difficult to think 
that a microprocessor would simply wear 
out, for example. Nevertheless, a designer’s
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“People see capacitors as being the 
Achilles’ heel of SSL,” says Geof Potter, a 
power technologist at Texas Instruments. 
“But a nonsolid electrolytic capacitor can 
have the same lifetime as the components 
it’s supporting if the designer chooses the 
right capacitor.” According to Potter, the 
most important factor affecting the life-
time of electronic products in general 
and capacitors specifically is heat, includ-
ing both the temperature extremes the 
product will experience during its life and 
the device’s operating temperature.

An HB LED and its driver determine 
the lifetime of an SSL. HB LEDs have 
two wear-out mechanisms: the encapsu-
lant, which begins to discolor over time 
and the application of heat, and the cur-
rent through the LED. After a certain 
amount of current goes through any di-

ode, the diode becomes less able to con-
vert electrons to photons, causing the 
LED to grow dimmer rather than simply 
burn out. Lumen maintenance is a num-
ber that defines end of life for an LED 
and generally is L70, which means that 
the LED is emitting 70% of the light it 

did at its maximum output when it was 
new.

The main wear-out mechanisms for 
drivers are the aging of the electrolytic, 
the solder joints, and the optional op-
toisolator. The electrolytic in the elec-
trolytic capacitor ages due to the chemi-
cal reaction that takes place as the ca-
pacitor charges and discharges. This ag-
ing accelerates with heat; however, it’s a 
misconception that electrolytic capaci-
tors dry out, which would happen only 
if you opened the capacitor’s vent. Al-
though the chemical reaction in a driver 
differs from that of a battery, their aging 
processes are similar.

Electrolytic capacitors, which in LED 
drivers are usually nonsolid aluminum 
electrolytic capacitors, don’t have fixed 
lifetimes. Spec sheets for aluminum elec-
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AT A  G LAN CE
Properly chosen capacitors can 

support the long life and reliability 
that SSL (solid-state-lighting) prod-
ucts require.

Heat is the main culprit in 
decreasing capacitor life.

Aluminum electrolytic, ceramic, 
and film capacitors all have their 
place in HB-LED (high-brightness-
light-emitting-diode)-driver designs.

�

�

�

LED-ARRAY SIZE DETERMINES DRIVERS’ OUTPUT VOLTAGE
HB LEDs (high-brightness 
light-emitting diodes) usu-
ally have a forward-voltage 
drop of approximately 3.5V, 
so the number of LEDs in 
series determines the LED 
driver’s voltage, accord-
ing to Geof Potter, power 
technologist for Texas 
Instruments. The simplest 

way to drive multiple LEDs 
is to put them in one long 
string and have one power 
supply drive the string. 
However, bright outdoor 
lamps, such as streetlights, 
may have 100 or more HB 
LEDs, requiring a dc output 
driver with more than 350V 
and an output-fi lter capaci-

tor with a voltage of 800V, 
which is usually impracti-
cal.

An alternative arrange-
ment has an array of 10 
strings of 10 HB LEDs, 
requiring a main power sup-
ply that provides 35V dc of 
regulated voltage (Figure 
A). The 35V-dc power prob-

ably doesn’t reside on the 
aluminum panel that sup-
ports the LEDs and does 
double duty as a heat sink. 
Each 10-LED string has its 
own constant-current sup-
ply that can probably use 
a lower-voltage ceramic 
capacitor on the input to 
the LED string.

Figure A This streetlight has an array of 10 strings of 10 HB LEDs.
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trolytic capacitors typically quote tem-
peratures of, for example, 85, 105, and 
125�C. However, electrolytic capacitors 
experience internal heat that you must 
also factor in when selecting their tem-
perature range. Ambient temperature 
and internal power dissipation cause in-
ternal heating in aluminum electrolytic. 
The heat from the application’s environ-
ment and radiated heat from the other 
components surrounding the capacitor 
affect ambient temperature. Ripple cur-
rent causes internal power dissipation, 
according to the equation PD�IR

2�ESR 
(equivalent series resistance), where PD 
is dissipated power and IR is the ripple 
current. Ripple current contributes to 
the temperature rise in the capacitor’s 
core. The size of the capacitor and in-
ductor on the output of the LED driver 
determines the ripple current. Make sure 
that the capacitor can support the ripple 
current and still maintain its rated inter-
nal temperature.

Cost is also a factor in selecting the 
temperature range for aluminum electro-
lytics. Although 85�C is a standard tem-
perature, it can’t support a long life for 
SSLs in any but the most benign temper-
ature applications, such as small indoor 
lamps with sizable heat sinks. Devices 
that can withstand temperatures of 100 
and 125�C are usually necessary 
for outdoor applications, such as 
streetlights.

Aluminum electrolytics’ high 

CV (capacitance-voltage) number usual-
ly dictates the choice of aluminum elec-
trolytic capacitors rather than, say, ceram-
ic or film capacitors. Electrolytic devices 
are often the best choice for designs that 
need high capacitance and high voltage. 
Ceramic capacitors are making progress, 
however, due to recently increased volt-
age ratings. As a result, some ceramic 

units can work in LED-lighting designs. 
Note that you must derate the voltage by 
half with these units. If the highest volt-
age you anticipate is 50V, use at least a 
100V capacitor. Many SSL applications 
require high-voltage capacitors, and most 
ac/dc drivers require an aluminum elec-
trolytic capacitor on the input ac side. For 
example, parking-lot lighting and street-
lights usually run at higher voltages, such 
as three-phase 308V ac or single-phase 
240V ac, requiring 400 to 600V capaci-
tors. However, ceramic capacitors some-
times work well on the output side of the 
driver, in which the number of LEDs in 
series in an array determines the output 
(see sidebar “LED-array size determines 
drivers’ output voltage”).

MLCCs (multilayer ceramic capaci-
tors) have excellent high-frequency 
noise characteristics and do well on the 
output-dc filtering, in which they filter 
out the high-frequency PWM (pulse-
width-modulated) noise. However, ce-
ramic capacitors typically fail due to me-
chanical stress, according to Jerry Zheng, 
vice president of technology marketing at 
iWatt. “I tell customers not to go smaller 
than the 0805 [the package size of a sur-
face-mount device],” he says. “The me-
chanical stress of a solder joint will easily 
cause damage. Most ceramic capacitors 
fail due to handling and soldering.”

Several manufacturers in the capaci-
tor industry have introduced compliant 
lead packages that resist cracking. Ron 
Demcko, application engineering man-

Figure 1 A PCB from a dead CFL shows 
the type of soldering you can expect in 
a high-volume, low-cost electronic prod-
uct (a). If your design will be using such 
manufacturing, make sure to allow for 
the added stresses on solder joints that 
come from hand soldering. A PCB from 
an LED light targeting the replacement of 
an incandescent bulb is denser and has 
more machine soldering but also has a lot 
of manual assembly (b).

(a)

(b)
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MLCCs (multilayer ceramic capacitors) can fail due to the mechanical stresses of han-
dling and soldering. These 0805 and 0603 FlexiTerm MLCCs from AVX have a tin-fin-
ished termination with a conductive-epoxy sublayer that is compliant with some degree 
of mechanical stress.
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ager at AVX, describes the package as a 
tin-finished termination with a sublayer 
comprising a conductive epoxy that al-
lows for some degree of compressibility 
or compliance in thermal expansion or 
physical force. These parts cost about 
10% more than those in other packages. 
No matter what size case you use, though, 
failure due to cracking always increases if 
you use hand-assembled parts. 

Heat again is a culprit in decreasing 
lifetimes of solder joints, and the most 
common causes of their failure are heat 
excursions. TI’s Potter says that HB-
LED luminaires should contain as few 
solder joints as possible to maintain re-
liability and lengthen their lifetimes. 
Using fewer solder joints requires more 
integration of functions and compo-
nents, and high-end, expensive lumi-
naires often require this level of integra-
tion. However, for SSL to catch on in 
high volume, consumer-grade lighting, 
such as replacements for 60W incandes-
cent bulbs, the lights must be inexpen-
sive. The cost issue probably will require 
Chinese manufacturing. Chinese manu-
facturers produce most of today’s incan-
descent and CFL bulbs, and they usually 
choose hand assembly, which produces 
lower-quality devices than the manufac-
turers can produce if they choose mech-
anized assembly (Figure 1).

LED drivers can also use film capaci-

tors, which are expensive but reliable. 
Consumers have been complaining about 
EMI (electromagnetic interference) from 
CFLs, so designers must be vigilant about 
suppressing EMI noise in the PWM sec-
tion of LED drivers. Film capacitors, with 
their excellent high-frequency response, 
are a good—albeit expensive—choice in 
high-frequency noise filters.

Optional optoisolators are other wear-
out mechanisms. These components 
provide an economical form of isolation 
but are subject to aging, which heat ac-
celerates.  According to iWatt’s Zheng, 
the US Department of Energy’s Energy 
Star program does not mandate the use 
of either isolated or nonisolated LED 
drivers for offline LED lamps. Howev-
er, LED-lamp manufacturers often use a 
metal heat sink for SSLs, which requires 
an isolated LED driver or an insulated 
heat sink to protect the user from com-
ing into contact with the mains voltage 
through the heat sink. Adding insulation 

can reduce the effectiveness of the heat 
sink because the heat sink does not mate 
directly to the heat-generating LEDs. 
Moreover, if the heat sink is floating—
that is, not electrically grounded—then 
it can radiate RF noise, resulting in high 
EMI. As such, nonisolated-LED-driver 
design can complicate safety and ther-
mal management and EMI control.

One alternative to using an optoiso-
lator is to perform the power conver-
sion on the primary side so that there’s 
no need for secondary-side feedback to 
the primary side. The heat sink can ther-
mally mate to the LED’s substrate on the 
low-voltage secondary side, and you can 
also ground it to reduce EMI. “Isolated 
LED drivers can in effect improve ther-
mal efficiency, reduce EMI, and reduce 
the cost and complexity of LED-lamp 
designs that use heat sinks,” says Zheng.

If you use a transformer to isolate the 
LED driver, then the heat sink can ther-
mally mate to the LED’s substrate on the 
low-voltage secondary side, and you can 
also ground it to reduce EMI. “Isolated 
LED drivers can in effect improve ther-
mal efficiency, reduce EMI, and reduce 
the cost and complexity of LED-lamp 
designs that use heat sink,” says Zheng 
(Reference 4).EDN

R E FE R E N CE S
1 Conner, Margery, “iFixit’s Kyle Wiens: 
extending electronics’ life span,” EDN, 
Jan 21, 2010, pg 13, www.edn.com/
article/CA6715779.
2 Conner, Margery, “Innovative packag-
ing improves LEDs’ light output, lifetime, 
and reliability,” EDN, Jan 7, 2010, pg 21, 
www.edn.com/article/CA6713704.
3 Conner, Margery, “Ceramic caps 
promise long lifetimes for smaller LED 
lights,” EDN, Nov 23, 2009, www.edn.
com/blog/1470000147/post/
20050802.html
4 Conner, Margery, “Power-converter 
IC targets dimmable LEDs,” EDN, 
Dec 3, 2009, pg 10, www.edn.com/
article/CA6706827.

32  EDN  |  FEBRUARY 18, 2010

Avnet Electronics 
Marketing
www.em.avnet.com

AVX 
www.avx.com

Cree 
www.cree.com

iWatt
www.iwatt.com

Philips Lumileds 
www.philipslumileds.
com

Seoul Semiconductor 
www.seoulsemicon.
com

Texas Instruments
www.ti.com

F OR M OR E I N F OR MATI ON

You can reach 
Technical Editor 
Margery Conner
at 1-805-461-8242 
and mconner@
connerbase.com.

LED WORKSHOP COVERS LED RELIABILITY, 
DRIVER DESIGN 
EDN ’s second “Designing with LEDs” Workshop will take place in Santa 
Clara, CA, on Wednesday, March 17. Spend the day with EDN and learn 
how new HB-LED (high-brightness-light-emitting-diode) devices, pack-
ages, control electronics, and thermal devices combine to revolutionize 
lighting for consumer and medical devices and automotive, architectural, 
and signage applications. 

At the workshop, Geof Potter (photo, top), a power technologist at Texas 
Instruments, will present “The useful lifetime of HB LED lighting systems,” 

and Jerry Zheng (photo, bottom), vice president of tech-
nology marketing at iWatt,  will present “The top 3 design 
challenges for solid-state lights.” A panel of speakers from 
Cree, Philips Lumileds, and Seoul Semiconductor will pres-
ent their viewpoints on the challenges that can face the 
next generation of HB LEDs and what their companies are 
doing to overcome these challenges.

The workshop will also feature hands-on demos of HB-
LED devices, drivers, and cooling devices. Cary Eskow, 
director of LightSpeed, the SSL (solid-state-lighting) and 
LED business unit of Avnet Electronics Marketing, will 
give the keynote presentation on the new products and 
environments that HB LEDs will enable. Register now for 
this free workshop at www.edn.com/ledworkshopsca.
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INNO ATION  
2009

I
t’s a bit early to start looking for 
the first crocus or daffodil buds, 
but lurking just beneath the still-
wintry surface is an abundance of 
new growth, waiting patiently for 

its moment in the sun. We encourage 
you to honor the hope and innovator 
within by voting as part of EDN’s 20th 
annual Innovation Awards program for 
a fresh crop of engineers, technologies, 
and companies that truly embody engi-
neering excellence.

Last year was a strong one for innova-
tion, as evidenced by the huge response 
to EDN’s late-fall call for nominations. 
Over the past several weeks, our edi-
tors faced the difficult task of narrow-
ing down an impressive field of con-
tenders and finding the freshest, most 
inventive, and undeniably outstanding 
nominations that were worthy of being 
named finalists for EDN’s 2009 Innova-
tion Awards. 

Check out the list of finalists across 
many categories on these pages, includ-
ing Innovator of the Year and Best 
Contributed Article. We even added a 
few new categories this time around to 
accommodate the high number of qual-
ity nominations.

Review complete write-ups of the 
finalists and cast your online ballot at 
www.edn.com/innovation. Your votes 
determine the Innovation Award win-
ners, who will be honored along with 
all of the finalists at a reception held 
Monday, April 26, in San Jose, CA. If 
you’d like to join the festivities, you 
can also find event and ticket informa-
tion at this link.
�www.edn.com/innovation
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ACCELEROMETERS
� ADXL345 three-axis digital 
accelerometer, Analog Devices
� Digital MEMS accelerometer, 
Hewlett-Packard
� MMA7660FC three-axis digital 
accelerometer, Freescale Semiconductor
� RS9000 high-end MEMS 
accelerometer, Colibrys

ANALOG: CONVERTERS
� 78M6612 power- and energy-
measurement/monitoring SOC, 
Teridian Semiconductor
� AD9789 14-bit TxDAC, 
Analog Devices
� ADC16DV160 16-bit, 160M-
sample/sec ADC, 
National Semiconductor
� ADS5400 12-bit, 1G-sample/sec 
ADC, Texas Instruments

ANALOG: FRONT-END ICs
� ADAS1128 current-to-digital 
converter, Analog Devices
� AS3910 RFID-reader IC, 
austriamicrosystems
� MAX2078 eight-channel ultrasound 
front end with CW doppler mixers, 
Maxim Integrated Products
� MC33812 small-engine analog IC, 
Freescale Semiconductor

ANALOG: SIGNAL PATH
� FSA800 USB accessory switch, 
Fairchild Semiconductor
� LT3092 200-mA, two-terminal 
current source, Linear Technology
� LTC6655 bandgap voltage 
reference, Linear Technology
� MCP651/2/55 operational 
amplifi ers, Microchip Technology

COMPONENTS
� CM1693 EMI fi lter for multimedia 
wireless handsets, California Micro 
Devices

� Flared-pin-fi n heat sinks, 
Cool Innovations
� IR1168 SmartRectifi er, 
International Rectifi er
� IS18WWC1W OLED rocker switch, 
NKK Switches
� WCM308 shaped-foil SMD/power 
inductors, West Coast Magnetics

DC AND LOW-FREQUENCY TEST
� Fluke 233 remote-display 
multi meter, Fluke
� Fluke 773 milliamp process clamp 
meter, Fluke
� U2723A USB source measure unit, 
Agilent Technologies
� U8903A audio analyzer, Agilent 
Technologies

DESIGN, DEBUG, AND PRODUC-
TION TEST, YIELD ANALYSIS
� JTAG Live software modules, 
JTAG Technologies
� Medalist i3070 series 5 in-circuit 
tester, Agilent Technologies
� ScanWorks platform for embedded 
instrumentation, Asset InterTech
� Tessent YieldInsight yield-analysis 
tool, Mentor Graphics
� VeriStand 2009 open, confi gura-
tion-based software environment, 
National Instruments

DESIGN FRAMEWORKS
� 1080p video-design framework, 
Altera
� ISE Design Suite 11, Xilinx
� Lynx Design System, Synopsys

EDA: BACK-END TOOLS
� Encounter Digital Implementation 
System, Cadence Design Systems
� In-design DFM with Encounter 
Digital Implementation System, 
Cadence Design Systems
� Quartus II Version 9.1 FPGA-design 
tool, Altera
� Totem SE power/noise-analysis 
extensions, Apache Design Solutions

EDA: FRONT-END ANALYSIS 
AND SYNTHESIS TOOLS
� ActiveDesign formal design system, 
Jasper Design Automation
� IC Validator in-design physical-
verifi cation solution, Synopsys
� PowerPro MG memory-power 
optimizer, Calypto Design Systems
� RealTime Designer RTL synthesis 
tool, Oasys Design Systems

� RootCause analyzer formal 
diagnosis tool, OneSpin Solutions

EDA: FRONT-END SIMULATION 
AND DATABASE TOOLS
� BOM Manager Version 4 bill-
of-materials-management tool, 
SiliconExpert Technologies
� MVSIM voltage-aware cosimulator, 
Synopsys
� Virtuoso Accelerated Parallel 
Simulator, Cadence Design Systems
� ZeBu-Server emulation system, EVE

EMBEDDED-SYSTEM 
TECHNOLOGIES
� AYRE wireless platform, 
Sound Design Technologies
� Prism 3.0 real-time compression IP, 
Samplify Systems
� StackableUSB carrier/hub board 
bridges, Micro/sys
� XPort Pro Linux server, Lantronix

FPGAs
� LatticeECP3, Lattice Semiconductor

INNOVATOR OF THE YEAR

� Intrinsity Cortex-A8 FastCore 
design team
� MontaVista Software fast-
boot-dashboard-application 
design team
� Numonyx Alverstone phase-
change-memory design team
� Synopsys DesignWare 
SuperSpeed USB 3.0 IP 
engineering team
� Xilinx Spartan-6/Virtex-6 
FPGA design team

BEST CONTRIBUTED ARTICLE

� Low-power wireless performance 
starts with CMOS elegance, Randy 
Torrance, Chipworks, Jan 5, 2009, www.edn.
com/article/CA6626088

� Choosing a touch technology for 
handheld-system applications, Andrew 
Hsu, PhD, Synaptics, Jan 8, 2009, www.edn.
com/article/CA6625439

� Solving the LED-driver challenge for 
light-bulb replacement, Silvestro Fimiani, 
Power Integrations, April 9, 2009, www.edn.
com/article/CA6648790

� Managing high-voltage lithium-ion 
batteries in HEVs, Michael Kultgen, 
Linear Technology 
Corp, April 9, 2009, 
www.edn.com/article/
CA6648791

� Take advantage of 
open-source hard-
ware, Gerald Coley, 
Texas Instruments, 
Aug 20, 2009, www.
edn.com/article/
CA6676166
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� Spartan-6 LXT, Xilinx
� Stratix IV GT, Altera
� Virtex-6 HXT, Xilinx

MICROCONTROLLERS
� LPC1100 Cortex-M0 microcontrol-
lers, NXP
� MAXQ1850 secure microcontroller, 
Maxim Integrated Products
� PIC24F16KA nanoWatt XLP PIC 
microcontrollers, Microchip Technology
� PSoC3 and PSoC5 microcon-
trollers, Cypress Semiconductor

MICROPROCESSORS
� Cortex-A8 FastCore processor, 
Intrinsity
� MPC564xL high-reliability proces-
sor, Freescale Semiconductor
� SH-MobileR2R superscalar proces-
sor, Renesas
� TMS320C6743 fi xed/fl oating-point 
processor, Texas Instruments

MULTIMEDIA SOCs
� Armada 1000 HD media processor 
SOC, Marvell Semiconductor
� BCM7125 STB SOC, Broadcom
� CX2070x speakers on chip, 
Conexant Systems
� Snapdragon QSD8650A chip set, 
Qualcomm
� VHD1900 video processor, IDT

MULTIPROCESSING
� NFP-32xx Network Flow Processor, 
Netronome
� TilePro64 64-core processor, Tilera
� Wolverine DSP platform, 
Sound Design Technologies

NETWORKING
� Comcerto 1000 series embedded 
packet processors, 
Mindspeed Technologies
� GGL541 intelligent multi-PHY 
switch, Gigle Networks
� LLP84672 link-layer processor, LSI
� MB88395 1394 automotive control-
ler IC, Fujitsu Microelectronics America
� nRF24AP2 single-chip, eight-
channel ANT transceiver, 
Nordic Semiconductor

NETWORK, TIMING, AND 
BER TEST
� BERTScope 12500A for 100-Gbps 
Ethernet, SyntheSys Research

� IxNetwork with ViperCore tech-
nology, Ixia
� J-BERT N4903B jitter-tolerance 
tester, Agilent Technologies
� TimeAnalyzer IEEE 1588 (PTP) 
measurement and analysis system, 
Symmetricom

OSCILLOSCOPES, DIGITIZERS, 
AND DATA ACQUISITION
� MSO70000 series mixed-signal 
oscilloscopes, Tektronix
� NI X series data-acquisition 
devices for PCI Express and PXI 
Express, National Instruments
� U1084A high-speed digitizer, 
Agilent Technologies
� WaveMaster 830Zi 30-GHz 
oscilloscope, LeCroy

PCs AND PERIPHERALS
� MB86C30A USB 3.0-to-SATA bridge 
IC, Fujitsu Microelectronics America
� PEX 8696 PCI Express switch, 
PLX Technology
� RE4-GP hard-disk drive, 
Western Digital
� VMM1300 multimonitor display, IDT
� X25-M mainstream SSD on 34-nm 
fl ash memory, Intel

POWER: CONVERTERS
� FAN9612 interleaved dual BCM 
PFC controller, Fairchild Semiconductor
� Gen2 SupIRBuck integrated volt-
age regulators, International Rectifi er
� LTC3108 ultralow-voltage step-up 
dc/dc converter, Linear Technology
� PV3002 digital power-conversion 
IC, Powervation

POWER: LIGHTING
� FSEZ1016A PSR PWM controller, 
Fairchild Semiconductor
� iW3610 dimmable-LED driver, iWatt
� LM3445 TRIAC dimmable-LED 
driver, National Semiconductor
� LX6503A CCFL-backlight-inverter 
controller, Microsemi

POWER: SPECIAL
� DA9052 ultrafl exible power-man-
agement IC, Dialog Semiconductor
� LTM2881 isolated RS-485/RS-422 
µModule transceiver, Linear Technology
� Webench Visualizer, National 
Semiconductor
� WM8312 customizable power-man-
agement IC, Wolfson Microelectronics

POWER SUPPLIES/SYSTEMS
� Eaton 9395 UPS, Eaton
� iLGA POL package, Murata Power 
Solutions
� Liebert MPX, Emerson Network Power
� SolarMagic power optimizer, 
National Semiconductor

RFICs
� ADRF660x and ADRF670x highly 
integrated RF mixers and modula-
tors, Analog Devices
� FM2491_FC fl ip-chip-based RF 
front-end IC, Epic Communications
� MB86L01A RF transceiver, 
Fujitsu Microelectronics
� Si2170 TV tuner, Silicon Labs

RF/MICROWAVE TEST
� MD8430A LTE signaling tester and 
Rapid Test Designer software, Anritsu
� PXA signal-analyzer implements 
with Noise Floor Extension, 
Agilent Technologies
� Pyramid-MW 81-GHz millimeter-
wave probe card, Cascade Microtech
� VectorStar microwave vector
network analyzer, Anritsu

SENSORS
� AS5011 Hall-effect magnetic-
encoder IC, austriamicrosystems
� E909.06A multipurpose sensor IC, 
Elmos Semiconductor
� MT9M033 CMOS image sensor, 
Aptina Imaging
� QuickSense Si11xx sensors, 
Silicon Labs

SILICON INTELLECTUAL 
PROPERTY
� DesignWare SuperSpeed USB 3.0 
IP, Synopsys
� LiquidCell library, RapidBridge

SOFTWARE/EMBEDDED TOOLS
� ez430-Chronos development kit, 
Texas Instruments
� LynxSecure 3.0 separation kernel 
and hypervisor, LynuxWorks
� mbed microcontroller, ARM Holdings
� MVL6 (MontaVista Linux 6), 
MontaVista Software
� PSoC Creator embedded-design 
tool, Cypress Semiconductor
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Electronics Industry guru Forrest M. Mims III has created yet another
stumper.The Ultra Simple Sensors Company assigned its engineering
staff to design a circuit that will trigger an LED when a few millimeters
of water is present in a basement or boat.What is the water sensor
behind the puzzle piece? Go to www.Jameco.com/brain5 to see if 
you are correct and while you are there, sign-up for our free full 
color catalog.
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The need for timing in embed-
ded programming often exceeds 

the small number of available hard-
ware timers in microcontrollers. For 
example, the Microchip (www.micro
chip.com) PIC16F84A has one timer, 
but you can create as many as eight 
timers with the Timers8.inc assembly 
code, which you can download from 
the online version of this Design Idea 
at www.edn.com/100218dia.

Often, you need a timer while wait-
ing for some expected lapse to expire, 
which blocks your program until that 
time has elapsed. To accomplish that 
task, you can use a simple routine, such 
as Wait_on 2, .30, meaning that 
Timer 2 counts 300 msec. The time 
value is .30 ticks of 10 msec each. In 
this way, you can debounce input data 
(Listing 1).

Using Microchip’s MPLab assembler, 
you can’t guess whether a parameter is 
a constant value or a variable, so you 
need two macros, one for each kind of 
circumstance. In the following expla-
nation, use K if time is a constant and 
use V for variables, such as Wait_onK 
or Wait_onV. The same library for 

the TBM (timebase module) on the 
MCHC9S08GP32 micro controller 
from Freescale Semiconductor (www.
freescale.com) uses only one macro, 
Wait_on, under the CodeWarrior as-
sembler. The function deals with both 
constants and variables.

The “tmr” always stands for a con-
stant from zero to seven. It designates 
the number of the timer you apply to 
a situation. You must always multiply 
time by 10, so .1 is 10 msec. You can 
therefore use it with times from 10 to 
2560 msec. Precision is plus or minus 
one tick. If you need to trigger an event 
with a 20-msec timer, you may end with 
10 msec. So use 30 msec to be safe. At 
the high end of the scale, you will have 
2560�1 msec, which is acceptable.

Timers8.inc programs the TMR0 on 
the PIC16F84A. You can extend be-
yond eight timers or use 16-bit vari-
ables, but remember that the PIC-
16F84A has only 68 bytes of RAM.

On some occasions, you need to start 
a timer but don’t need to block your pro-
gram to time-out; in this case, use the 
Setimer 7, .20 macro. You start 
Timer 7 to last 200 msec; doing so does 

not block your program. When ever you 
need to know the status of your timers, 
test them using the TimeOut macro, 
TimeOut 2, Two_done, meaning 
that, if Timer 2 has expired, you will go 
to the “Two_done” label. Any of your 
main code labels will fit. Otherwise, 
your program will continue executing 
the next instruction in sequence.

Setimer comes in two versions. 
SetimerK 2, .20 sets Timer 2 to 
count 200 msec, using Constant time 
.20, and SetimerV 5, var sets 
Timer 5 to count, for example, 300 
msec, using variable time var, which 
you should have previously loaded 
with .30.

You may need to employ timers in 
ISRs (interrupt-service routines)—for 
example, to debounce the interrupt pin. 
This situation is awkward because the 
routine to serve the external INT pin 
runs with general interrupts disabled, 
as usually happens in the PIC16F84A, 
but timer routines require you to enable 
interrupts. This microcontroller archi-
tecture makes it difficult to enable in-
terrupts in ISRs. You may, however, use 
either ISRWait_onK or ISRWait_
onV to accomplish your purpose, as in 
ISRWait_onK 7, 3.

This approach works in a similar way 
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Loop1:
   btfss   PORTA, 0        ; Wait unitl PortA, Bit0, be equal to 1
   goto    Loop1         ; No? go to repeat test...
   Wait_onK 0, 3         ; Now, PortA, Bit0 = 1 so, set up Timer 0 for 30  
                        ; ..mSec to debounce it
   btfss   PORTA, 0        ; Time out! Re-test PortA, Bit0 input condition;
   goto    Loop1         ; ..if PortA, Bit0, = 0, discard it and go to Loop1  
                        ; ..to begin again
Cont:  ...          ; ..if PortA, Bit0, = 1 you are done

LISTING 1 CODE FOR DEBOUNCING DATA
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to its twin, the Wait_on macro, except 
that you can use the approach in any 
ISR—a nice added value for such an in-
expensive microcontroller. Use it with 
care, however. Interrupt latency in-
creases because you block the program 
in an ISR for several milliseconds with 
global interrupt disabled. If you choose 
to debounce your interrupt signal using 
programmed delays, you will probably 
encounter the same problem. If you use 
a specific timer number in the main 
program, don’t use it in the ISR.

To use the Timers8.inc library, you 
must include the library file and define 
some variables outside the timer’s code. 
To find the exact place to include the 
library and define variables, refer to 
the sample code. Look for <<< TMR0 
<<<, which overemphasizes portions 
of the code. In particular, inspect the 
lines “CBLOCK” and “INCLUDE 
<timers8.inc>”.

Follow this plan in your program: Use 
the macro Init8Timers to activate the 
hardware and set up the eight software 
timers. This macro defines eight vari-
ables, from Timer 0 to Timer 7, each 
using one unsigned byte. Each timer 
ticks once every 10 msec, covering a 
range of 10 to 2560 msec. You need not 
worry about these variables, though, 
because the macros will handle them. 
A 1-byte variable, TimerFlags, has bits 
that represent the ready state of timers 
zero through seven. You need not deal 
with this internal variable.

To initialize a timer from zero to 
seven, use the Setimer macro, as in 
SetimerK 2, .20 (set Timer 2 
to count 200 msec using a constant 
time of .20) or SetimerV 5, var 
(set Timer 5 to count 300 msec using 
a variable time of .30, which you pre-

viously stored in var). Setimer macros 
are not self-blocking; they initialize the 
software timers and continue. This fea-
ture comes in handy when you plan to 
loop, asking for several events to time 
out and do not need one of them to 
block you.

To test whether one timer has ex-
pired, use the TimeOut macro after 
Setimer: TimeOut 2, Two_on. If 
Timer 2 has expired, go to Two_on; oth-
erwise, execute the next instruction in 
the sequence. Wait_on combines these 
macros in one: Wait_onK 2, .30. 
Set Timer 2 to count 300 msec using 
a constant time of .30 and block until 
time-out. Alternatively, using Wait_
onK 5, var, set Timer 5 to count 
300 msec using a value of .30, which 
you previously stored in var. Wait_on 
macros are self-blocking; they initial-
ize the software timers and wait until 
time elapses. You can use ISRWait_on 
in ISRs: ISRWait_onK 6, .35. 
Set Timer 6 to count 350 msec using a 
constant time of .35 and then block. 

Alternatively,  you can use 
ISRWait_onV 5, var. Set Timer 
5 to count 2000 msec using a value 
of .200, which you previously stored 
in var. ISRWait_on macros are self-
blocking. You can use them in ISRs to 
initialize the software timers and wait 
until time elapses. You must include an 

interrupt handler; see the IntHandler 
in Listing 2, which you can download 
from the online version of this Design 
Idea at www.edn.com/100218dia. The 
library also includes TMR0ISR, Timer 
0’s ISR, and the Upd Tmr (update-
timer) internal macro.

Each timer has a status bit, which 
helps when your variables have 16 bits, 
24 bits, or more. When the driver de-
tects that one multibyte timer variable 
reaches zero, it signals this situation 
by setting the timer’s status bit. That 
action spares you several instructions 
when you need to later decide wheth-
er the timer is zero. You can also use 
these bits as semaphores. You may start 
a timer with Setimer, and the hardware 
may interrupt you in the middle of the 
start-up to update your data structures, 
causing lots of problems. The software 
in this code, however, avoids touching 
or updating variables if the status bit is 
1. Setimer begins raising the status bit 
and then loads the variables. If Timer 0 
interrupts, it does not interfere with 
your data because it skips the updating 
process if the status bit is on. When 
Setim er is done, it clears the status bit, 
and Timer 0’s ISR will begin to update 
whenever a tick arrives.

This code doesn’t stop a timer be-
fore a time-out because the need 
never arises. If Setimer uses zero as a 
value for the time, it lasts for 256 10-
msec ticks. If you need a 1-msec tick, 
you can load Timer 0 with �0.125 in-
stead of �0.39 and use a prescaler of 8 
(b‘00000010’ in OPTION_REG) in-
stead of 256 (b 00000111), which are 
the values this code uses. The exact 
time is 125�8�1000 �sec (1 msec). 
This approach provides a range of 1 to 
256 msec.EDN

Measurement-and-control ap-
plications may require action 

based on two distinct voltage levels. 
Crossing a threshold can produce a 
warning indication, whereas reaching 

a higher threshold may initiate emer-
gency action, such as a system shut-
down. In a fall-detector application, 
an apparent decrease in gravity below a 
lower threshold might be a controlled 

displacement, but a further decrease 
below a second threshold might indi-
cate an uncontrolled fall.

The circuit in Figure 1 uses a voltage 
divider to generate two reference volt-
ages. Comparators and Schmitt-trig-
ger-input NAND gates let you create 
two digital signals based on using ref-
erence voltages VREFA and VREFB. The 
sample circuit drives two LEDs, but 

Tilt/fall detector has 
staggered thresholds
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia

�

THE SOFTWARE IN 
THIS CODE AVOIDS 
TOUCHING OR 
UPDATING VARIABLES 
IF THE STATUS BIT IS 1.
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you can use the digital signals to drive 
transistors or relays, as well.

The voltage divider comprising RS, 
RA, and RB sets the voltages for com-
paring the Z-axis output of an Analog 
Devices (www.analog.com) ADXL335 
accelerometer (Reference 1). The 
higher reference voltage, VREFA, corre-
sponds to the lower-threshold tilt angle, 
where �TA�45�. The lower reference, 
with respect to the midvoltage supply 
minus VREFB, corresponds to the upper-
threshold tilt angle, where �TB�60�. If 
you choose a value of 100 k� for RS, 
then you can calculate RA�RB:

The Z-axis voltage, VGZ�300 mV, oc-
curs when the accelerometer’s Z axis is 
oriented vertically. From the obtained 
value of RA�RB, you can calculate RB:

Based on the chosen values of the tilt 
angles, RB�(RA�RB)/�2. You can 
then solve for RA from the known 

values of RA�RB as well as RB.
The AD8609 op amp’s input-bias 

current causes errors, but these errors 
are negligible because the input-bias 
current at room temperature is just 1 
pA. The AD8609’s input offset voltage, 
which is typically 50 �V, also causes er-
rors, which are negligible as well (Ref-
erence 2). The signals at the outputs of 
comparators IC2A, IC2B and IC2C, IC2D 
are ORed in NAND gates IC3A and 
IC3B, respectively. NAND gate IC3C 
serves as an inverter, and the output 
of IC3D is the logic output of a window 
comparator in which logic low appears 
only when the Z-axis output voltage is 
between VREFA and VREFB, referenced to 
supply midvoltage VS/2.

Grouping the comparators into IC3A, 
IC3B and IC3C, IC3D pairs ensures inde-
pendent detection on whether the Z 
axis is 0 or 180� in the vertical orien-
tation. LED1 and LED2 illuminate suc-
cessively upon slowly tilting the Z axis 
by 45 and 60� (Reference 3). Similar 
action occurs when you orient the Z 
axis steadily vertically while moving 
downward. LED1’s brightness is turned 

on at an apparent decrease of gravity to 
g/�2. LED1 dims, and LED2 simultane-
ously illuminates when the vertical ac-
celeration is equal to or lower than g/2. 
The operation of the detector is ratio-
metric and is therefore virtually insen-
sitive to supply-voltage variations.EDN

R E FE R E N CE S
1 “ADXL335 Small, Low Power, 3-
Axis �3 g Accelerometer,” Analog 
Devices, 2009, www.analog.com/en/
sensors/inertial-sensors/adxl335/
products/product.html.
2 “AD8603/AD8607/AD8609 Preci-
sion Micropower, Low Noise CMOS, 
Rail-to-Rail Input/Output Operational 
Amplifiers,” Analog Devices, 2003 to 
2008, www.datasheetcatalog.com/
datasheets_pdf/A/D/8/6/AD8609.
shtml.
3 “HLMP-EGxx, HLMP-EHxx, HLMP-
ELxx New T-1¾ (5mm) Extra High 
Brightness AlInGaP LED Lamps,” 
Avago Technologies, AV02-1687EN, 
April 21, 2009, www.avagotechlight
ing.com/signageandsigns/signs/si_
new_products.
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Figure 1 An accelerometer’s Z-axis output, compared with two reference voltages, can generate two digital outputs.
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Many applica-
tions, such as med-

ical therapies, magnetic 
stirrers, and induction 
heating, call for a rotating 
magnetic field, which you 
can generate by attaching 
multiple permanent mag-
nets to a dc motor. This 
technique involves prob-
lems, including noise and 
the need to maintain the 
moving parts. This De-
sign Idea describes how 
you can instead use a 
micro controller and a 
full-bridge driver to gen-
erate variable magnetic 
fields without mechanical 
elements. The approach 
requires no maintenance, 
does not wear out, and 
provides high-precision 
speed control. It does, however, re-
quire large cores to achieve powerful 
magnetic excitation.

You can excite a stationary magnetic 
coil with an ac current, which induc-
es a north pole and a south pole that 

change at the frequency of the signal 
excitation. You can increase the num-
ber of poles by implementing a config-
uration with more magnetic coils. Fig-
ure 1 shows a practical arrangement 
of the coils and the typical excitation 

waveforms. Note that the terminals 
of each pair of coils connect in series 
opposition to always obtain magnetic 
fields with different polarity.

Multiple ICs can drive induc-
tive loads. This circuit uses an L6204 

dual full-bridge driver from 
STMicroelectronics (www.
st.com). Each bridge has four 
power-DMOS transistors with 
on-resistances of 1.2�. A 
PIC16F628 microcontroller 
from Microchip (www.micro
chip.com) controls the switch-
es of the dual-bridge driver 
(Figure 2). Typical waveforms 
show how each circuit is excit-
ed (Figure 3).

To ensure the correct driving 
of high-side drivers, the circuit 
supplies a voltage higher than 
the supply voltage at IC2’s Pin 
20. External capacitors C1 
and C2 and diodes D1 and D2 
use a charge-pump method to 
produce this voltage. You can 
independently control the 
four half-bridges by means of 
the IN1, IN2, IN3, IN4, EN-

ABLE1, and ENABLE2 inputs.
The microcontroller timer’s inter-

rupt generates the IN1 to IN4 wave-
forms with high precision. Using a 
10-MHz oscillator crystal and fixing 
the postscaler to eight, the microcon-

designideas

Electronically generate 
rotating magnetic fields
F Ferrero, J Blanco, JC Campo, and M Valledor, 
University of Oviedo, Gijón, Spain

�

Figure 1 Two pairs of magnetic coils and their excitation 
waveforms show how to generate a rotating magnetic 
field.
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Figure 2 The circuit comprises a full-bridge driver and a microcontroller.
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troller’s counter increments every 3.2 
�sec: 1/((10 MHz/four instructions)/
eight). Taking into account that the 
interruptions generate when the coun-
ter overflows and the maximum count 
is as high as 65,535, or 16 bits, you can 
program the interruptions at 3.2 �sec 
and 210 msec: 3.2�65,535.

From this wide range of interrup-
tions, the firmware lets the user select 
the precharge within a small subrange 
of frequencies divided into 10 levels, 

meaning that you must vary the inter-
ruption from 49.89 to 60.45 �sec, a 
good range for this application. The 
new frequency of the interruption has 
a simple calculation that includes the 
level; the maximum frequency; and 
the separation between levels, which 
is a constant value that the opera-
tions include. You can download list-
ings 1 and 2, which have complete 
C source code, from the Web version 
of this Design Idea at www.edn.com/
100218dib.EDN
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Figure 3 Waveforms show how each coil is excited.

Analog circuits for long-term 
testing of passive components, 

such as 0.1%-tolerant resistors or high-
intensity white LEDs, often require a 
constant current. Using two op amps 
and a voltage reference, you can devel-
op a circuit that provides a constant-
current sink with a variable setting of 
0 mA to 0.99A. The circuit in Figure 
1 sinks a stable current through the 
load. The load current is insensitive to 
power-supply-voltage variations. IC1 is 

a voltage reference that gives a stable 
5V dc. It requires 500 �A of current 
from the power supply. IC2 is a Nation-
al Semiconductor (www.national.com) 
LM324 quad op-amp. Voltage follower 
IC2A buffers the reference voltage from 
the rest of the circuit, which increases 
stability.

Resistor R2 and potentiometer R3 
form a variable voltage divider that 
reduces the 5V reference voltage to 
a value between 0 and 3.26V. Unity-

gain amplifier IC2D drives the base of 
Q1, a Darlington power transistor that 
has a current gain of 750, through R4. 
R4 and C5 form a lowpass filter that 
prevents oscillation. You can drive Q1 
with a small base current. C4 connects 
between the collector and the base of 
Q1, adding further stability.

Operating as an emitter follower, Q1 
can drive an active or a passive load, 
such as a resistor or a high-bright-
ness LED. Q1’s emitter connects to 
R5, a 3.3�, 5W grounded power resis-
tor. The voltage at IC2D’s Pin 14 sets 
the voltage across R5, which fixes Q1’s 
emitter current. Because of Q1’s high 
gain, the current in the load is effec-
tively Q1’s emitter current.EDN

Voltage reference stabilizes 
current sink
Suded Emmanuel, Emmanuel’s Controls, Auckland, New Zealand

�

THE FIRMWARE LETS 
THE USER SELECT THE 
PRECHARGE WITHIN 
A SMALL SUBRANGE 
OF FREQUENCIES.
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Figure 1 A voltage reference and two op amps provide a stable voltage to R5, which provides a stable load current.
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High Resolution 
Linear Hall Encoder

AS5311 – First magnetic encoder 
to break into submicron range

0.5µm/step 
absolute output

2.0µm/step 
incremental output

650 mm/s 
linear speed

West Coast (408) 345-1790 · East Coast (919) 676-5292
www.austriamicrosystems.com/ANC
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MachXO.
THE ALL-IN-ONE PLD.

Do more with the most versatile, non-volatile PLD for low-density applications. Loaded with flexible 
user I/Os, embedded memory, PLLs, and more—now you have the freedom to create and design with a 
single, easy-to-use, instant-on, and secure PLD.

Discover all you can do with the MachXO PLD family at:
latticesemi.com/machxo

©2009 Lattice Semiconductor Corporation. All rights reserved. Lattice Semiconductor Corporation, L (& design), Lattice (& design), MachXO and specific product designations are either registered trademarks 
or trademarks of Lattice Semiconductor Corporation or its subsidiaries, in the United States and/or other countries. Other marks are used for identification purposes only, and may be trademarks of other parties.

MachXO™ PLD
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SWITCHES AND RELAYS

productroundup
Long-distance reflective 
switch aims at wind 
turbines for rpm sensing

The long-distance OPB732 infra-
red reflective-switch series targets 

6-kW wind turbines for rpm sensing.  
The switches work internally at the tur-
bine rotor to sense rotations per minute, 
transmitting data to a customer-accessi-
ble Web site over a GPRS. The reflec-
tive devices also suit use in assembly-
line and machine-automation, equip-
ment-security, door-sensor, machine-
safety, end-of-travel-sensor, and non-
contact-reflective-object-sensor appli-
cations. The switches have a reflective 
distance of more than 1 in., depending 
on circuitry. The configuration includes 
an infrared LED and a phototransistor 

�

For Gliders details: write, call, fax
or visit our website 

www.batteryholders.com

Announcing the mighty 6-volt

systemGLiDER 
Merges two 3-volt coin cells in a plastic 
tray, with a nickel-plated phosphor bronze 
retainer. Assures the power you need, and 
protects against shorting.

Key Features:

Here’s how easily it works

It’s that easy!

Load and lock 
coin cells 
into tray

Glide tray
into retainer

The mighty

has landed
GLiDER

FREE Comprehensive Electronic
Adhesive & Encapsulants Brochure

Resinlab offers a compete line of electronic 
adhesives and encapsulants for circuit board 
assembly.

Visit www.resinlab.com or call 877-259-1669
to request a copy of our Adhesive & Encapsulant 
Products brochure. 
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productroundup

ADAPT
ENHANCED HYBRID ADAPTER
• 0.50mm pitch BGA device attach
• Custom pin design with stand-offs
• Passive and active components

PACKAGE CONVERSION INTERPOSER
• Transparent interface from new 

BGA device to existing QFP pads
• Patent-pending solder ball connection

replaces fragile QFP leads
• Robust, process compatible, 

and cost effective
• Solutions to obsolescence for most 

SMT or thru-hole lead styles 

PERIMETER SMT CONNECTOR
• Reduced stack height and board space
• Non-linear, keyed, and polarized
• Concept to prototype in 5 days

Customized interconnect solutions 
from Advanced Interconnections 
eliminate costly board redesign when 
projects change. We go beyond just package 
conversion, adapting to your changing requirements 
from concept to prototype to production.

www.advanced.com • 800-424-9850

IC SOCKETS
BOARD TO BOARD

TEST SOCKETS
ADAPTERS

CUSTOM DESIGNS

Illuminated pushbuttons 
have quiet actuation

The subminiature HB2 full-face-
illuminated pushbutton switches 

have ultraquiet actuation at 0.4-VA 28V 
ac/dc maximum and suit use in telecom-
munications, medical-test, measure-
ment, audio, and broadcast equipment. 
The switches have red/green or red/yel-
low LEDs; the red/yellow LEDs produce 
amber illumination. The SPST momen-
tary devices feature tactile feedback and 
1.8N nominal operating force. Options 
include laser etching, screen printing, 
film inserts, and pad printing. Custom 
legends and value-added assemblies are 
available from the vendor. Measuring 
7.5�7.5�17 mm, the caps use a clear 
lens with a white diffuser. The HB2 
subminiature pushbutton-switch series 
costs $3.41 (2500).
NKK Switches, www.nkkswitches.com

�

Integrated load switch 
has low on-resistance

Aiming at space-constrained, bat-
tery-powered applications, the 

TPS22924C integrated load switch pro-
vides 5.7-m� on-resistance at 3.6V. The 
device combines four parts into one, 
simplifying sub-
system-load man-
agement. Features 
include a 0.75 to 
3.6V input-volt-
age range, a 2A 
maximum con-
tinuous switch current, and a less-than-
2-�A shutdown current. Available in 
a 1.4�0.9-mm CSP, the TPS22924C 
costs 55 cents (1000).
Texas Instruments, www.ti.com

�

USB accessory switch 
includes negative-swing 
capability

The FSA800 USB accessory 
switch integrates charger detec-

tion and 28V of overvoltage tolerance 

and uses an opaque housing, reducing 
the sensor’s ambient-light sensitivity. 
Features include an 850-nm wavelength 
and 100-mW power dissipation, 50-mA 
maximum forward current, and 1.8V 
maximum forward voltage at a 20-mA 

forward voltage. The device also pro-
vides 3V reverse-dc voltage with 100-
mA reverse current and 2V reverse volt-
age. Devices in the OPB732 series cost 
$2.85 (1000) each.
Optek, www.optekinc.com

�
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Panasonic
Electronic ComponentsP
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INTRODUCING
7 NEW ELECTROMECHANICAL SERIES

Seven NEW Electromechanical Series have 
been added to an already outstanding 

Electromechanical product line.  Panasonic 
provides some of the smallest, thinnest 

and most durable switches, encoders and 
potentiometers in the industry!

 Contact us for specification details.

Panasonic Electronic Components
www.panasonic.com/indus/emc/

piccomponentsmarketing@us.panasonic.com

1-800-344-2112
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productmart
This advertising is for new and current products.

FAST PULSE TEST SOLUTIONS
Avtech offers over 500 standard models of high-speed pulse generators, 

function generators, and amplifiers ideal for both R&D and automated 
factory-floor testing. Some of our standard models include:

AVR-CD1-B Reverse Recovery Test System

Typical Output Waveform
2 A/div. 40 ns/div

Tel: 888-670-8729
Fax: 800-561-1970

info@avtechpulse.com
www.avtechpulse.com

AVR-EB4-B: +2A / -4A pulser for diode reverse-recovery time tests
AV-156F-B: +10 Amp constant current pulser for airbag initiator tests.
AVO-9A-B: 200 mA, 200 ps rise time driver for pulsed laser diode tests.
AV-151J-B: ±400 V, 50 kHz function generator for piezoelectric tests.
AVOZ-D2-B: 700 V, 70 A pulser for production testing of attenuators.
AVR-DV1-B: 1000 V, variable rise-time pulser for phototriac dV/dt tests.

Pricing, manuals, datasheets: www.avtechpulse.com
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and negative-swing capability, thus 
requiring fewer external components. 
Targeting use in cell phones, PDAs, 
and MP3 players. The 28V over-
voltage tolerance on the bus-volt-
age pin protects against high-voltage 
events, and the negative-swing capa-
bility enables audio signals to swing 
below ground, eliminating the need 
for coupling capacitors. Available 
in a 1.8�2.6�0.55-mm ULMP, the 
FSA800 USB accessory switch costs 
70 cents (1000).
Fairchild Semiconductor, 
www.fairchildsemi.com
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crossing between a small, metal inline 
oil-filter can and the vehicle’s grounded 
chassis frame, which was some distance 
away from the filter. The spark was big, 
fat, and loud. It was at least 2 inches 
long, and occurred about once a second 
whenever the engine was running.

This vehicle incorporated an exper-
imental hydraulically boosted power 
braking system in place of the conven-
tional vacuum-boosted braking system. 
This new braking system required ad-
ditional hydraulic plumbing from the 
engine-driven power-steering pump to 
the brake-booster system. The plumb-
ing included an inline fluid filter to the 
rubber high-pressure feed hose from the 
pump. The filter housing was of a metal 

construction, and the insulated hose 
suspended the metal housing from the 
chassis frame. 

I quickly concluded that a 2-inch-
long spark equated to at least a couple 
hundred thousand volts. I wondered 
how you get that kind of voltage with 
a car’s 12V system. This problem was 
especially confounding because the 
vehicle, which used a diesel engine, 
didn’t even have a high-voltage igni-
tion system!

I concluded that we had somehow 
inadvertently produced in this vehicle 
the “hydraulic” equivalent of a conven-
tional mechanical Van de Graaff gener-
ator. A Van de Graaff generator consists 
of an insulated motor-driven electron-

transport belt, a metal electron-collec-
tor brush that connects to the high-
voltage metal dome at one end of the 
belt, and a source of electrons applied to 
the opposite end of the drive belt. In the 
conceptual equivalent of that system, 
the moving, nonconducting hydraulic 
fluid and insulated rubber hoses acted as 
the electron-transport mechanism. The 
metal filter can and its internal metal 
filter element served as the electron 
collector. The engine-driven hydraulic 
pump and drive belt were the sources of 
electrons to the fluid. 

Because the engine-driven pump 
was of an all-metal construction and 
was grounded to the engine and the 
chassis frame, it was difficult at first 
to envision how the pump could be a 
source of electrons. However, attach-
ing a grounded test lead to the pump 
by rubbing it against the pump’s belt-
driven pulley caused the arcing to stop. 
This result substantiated my suspicion 
that the pump was the electron source. 
When the engine stopped, a conductiv-
ity check confirmed that the pulley was 
grounded in this nonoperational state.

Upon further consideration, I con-
cluded that the pump’s spinning pulley 
and internal rotor assembly were elec-
trically “floating” inside the grounded 
pump housing due to the hydrodynam-
ic action of the bearings and rotor and 
the insulated seals inside the insulated 
hydraulic fluid. The actual electron 
source probably resulted from the tri-
boelectric friction of the rubber drive 
belt on the pulley.

Grounding the filter-can housing 
to the vehicle frame eliminated the 
arcing symptoms. As I recall, this pow-
er-brake-booster configuration never 
made it into a production vehicle. 
Upon further reflection, grounding the 
filter can provided only a good sink for 
the electrons, and there was still a large 
circulation of those electrons in the hy-
draulic fluid.EDN

Electrical engineer Arthur Sundeen 
of Lansing, MI, holds 15 patents and 
runs his own electrical-OEM compa-
nies producing aircraft instruments 
and radio antennas of his own design.
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ARTHUR SUNDEEN • ELECTRICAL ENGINEERT A L E S  F R O M  T H E  C U B E

 I
n the early 1980s, while I was an electrical-design engi-
neer for an automobile manufacturer, I had to diagnose and 
remedy a problem that surfaced during the development 
of a vehicle. The experimental-engineering garage called 
to tell me that one of the new development vehicles pro-
duced a strange, periodic snapping noise. Peering into the 

dark engine compartment, I saw that the noise was coming 
from a large arcing spark down low in the chamber. The arc was 

Putting the brakes on Sparky

D
A

N
IE

L 
V

A
S

C
O

N
C

E
LL

O
S

edn100202tales_id   52edn100202tales_id   52 2/1/2010   3:52:29 PM2/1/2010   3:52:29 PM



>> Find out what else LabVIEW can do at ni.com/imagine/robotics 866 337 5041
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Other product and company names listed are trademarks or trade names of their respective companies.  0177

NI LabVIEW
Limited Only by Your Imagination

PRODUCT PLATFORM

NI LabVIEW graphical 
and textual programming

NI CompactRIO embedded
control hardware

NI LabVIEW Real-Time Module

NI LabVIEW FPGA Module

LabVIEW graphical programming 

software and modular NI hardware, such 

as CompactRIO and PXI, are helping 

engineers develop fully autonomous 

robotics systems, including unmanned 

vehicles designed to compete in DARPA 

Grand Challenge events.

RF

Medical

Robotics

Multicore

FPGA-based embedded 
hardware for 
drive-by-wire systems

Drivers for 
hundreds of sensors 

from LIDAR to GPS

Multicore algorithms 
for real-time navigation
and control

Image processing and 
acquisition libraries

Standard communication 
including JAUS 

and Ethernet support
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Isolated RS485 + 1W Power

, LTC, LT, LTM and µModule are registered trademarks and
Isolator logo is a trademark of Linear Technology Corporation.
All other trademarks are the property of their respective owners.

The LTM®2881 is an isolated RS485 transceiver that guards against large ground-to-ground differentials. The LTM2881’s
internal inductive isolation barrier breaks ground loops by isolating the logic level interface and line transceiver. An onboard
DC/DC converter provides power to the transceiver with an isolated 5V supply output for powering additional system circuitry.
With 2500VRMS galvanic isolation, onboard secondary power and a fully compliant RS485 transmitter and receiver, the LTM2881
requires no external components and provides a small, complete µModule solution for isolated serial data communications.

Info & Free SamplesFeatures

www.linear.com/2881

1-800-4-LINEAR

• Isolator µModule Technology
• Isolated RS485/RS422 Transceiver:

2500VRMS
• Integrated Isolated, 1W DC/DC Converter

- Good Efficiency (up to 62%)
- Low EMI

• 3.3V or 5V Input Supply Voltage
(LTM2881-3/LTM2881-5)

• 20Mbps or Low EMI 250kbps Data Rate
• High ESD: ±15kV HBM
• Common Mode Transient Immunity:

>30kV/µs
• Integrated Selectable 120  Termination
• Small Footprint, Low Profile

(11.25mm x 15mm x 2.8mm) in
Surface Mount LGA & BGA Packages

LTM2881 Demo Board

3.3V or 5V

5V

RS485/RS422
Bus

RO

DI

ON

REG

Galvanic Isolation

Isolated Power

LTM2881

Complete 20Mbps µModule® Transceiver Includes 2500VRMS Isolated Power—
No External Components Required
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