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LAST-MINUTE CHANGES DON'T
HAVE TO CHANGE EVERYTHING.

IS YOUR MCU MAKING YOUR JOB HARDER THAN IT HAS TO BE?

s + &
e
oo
sl (_.) ..) 5
+in
R,

x
Apg

I Bowe,
700 14 i, 5

5V Bog.
Controygost

Introducing Precision32"

32-bit mixed-signal MCUs engineered to make your job easier.

Tired of working late because your MCU can't easily
accommodate new features or last minute design changes?

™

Silicon Labs” new Precision32™ mixed-signal MCUs use a patented

dual-crossbar architecture that allows designers to choose peripherals

and pin-out placement without worrying about pre-set limitations and pin

conflicts —simplifying PCB routing, minimizing PCB layers and ultimately Put practically any peripheral on any pin!

e et s ) st st Use the free Precision32 Eclipse-based IDE and AppBuilder
Based on the ARM® Cortex™-M3 core, the new Precision32 SiM3U1xx and drag-and-drop GUI to easily customize peripheral mix and
SiM3C1xx MCUs include USB and non-USB devices with 32-256 kB Flash, pin-out placements, set up clocking modes —even generate
8-32 kB RAM and 40-80 pin packages — all available now. source code!

Last minute changes? No problem. @

Download white papers and data sheets, download free software tools SILICON LABS
and order hardware to start prototyping today. www.silabs.com/32bit-MCU Engineering for a mixed-signal world.

12 Silicon Laboratories Inc. All rights reserved.
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The path ot least resistance is through our
new high etficiency XAL/XFL inductors

Compared to competitive parts,
current zips right through our
new XAL/XFL inductors.

Their DC resistance is signifi-
cantly lower than other inductors
of the same size. So your batteries
last longer and your power supply
runs cooler.

They easily handle large peak
current, and their soft saturation

Competitors’ 4.7uH inductors

have much higher DCR per mm®

than Coilcraft's XAL5030.

WWW.COILCRAFT.COM

characteristics often let you use
a smaller size part without fear
of overloading during transients.
Built from a uniquely formulated
material, XAL/XFL parts do not
have the same thermal aging prob-
lems as some competitive parts.

See all the advantages of these
new high efficiency inductors.
Visit coilcraft.com/xal.

\&/ wilcrafidirect com

@® @ No min order. Next day delivery.
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Test-driven development for
embedded C: Why debug?

Test-driven development helps you

improve schedule predictability and
. . product quality by eliminating bugs before
Hidden interfaces: a new playground they make the bug list.

for embedded innovations ___ by James W Grenning,
Renaissance Software Consulting

New interfaces can detect users’ presence and
motion. In response, designers are providing new

features to make their systems more responsive Oscﬂloscopes and ENOB
to users’ needs. Selecting an oscilloscope for critical
by Robert Cravotta, measurements requires knowledge
Embedded Insights Inc of the quality of the scope’s measurement
system.

by Joel Woodward and Brig Asay,
Agilent Technologies

COVER IMAGE: SHUTTERSTOCK

IDEAS

Condenser microphone uses dc-coupled impedance converter

1
= 2 B A'I?é 1 Simple sawtooth generator operates at high frequency
<4 IC, Dual regulator handles two input voltages
TLO61
I3
! ' i Find out how to submit your own Design Idea: http://bit.ly/DesignldeasGuide.

[www.edn.com] MARCH 15,2012 | EDN 5



i3 TEXAS
INSTRUMENTS

MAXIV

INNOVATION DELIVERED

o7

e r———
FAIRCHILD
SEMICONDUCTOR

0

ON Semiconductor®

ATMEL

@ MicrocHIP

O

P freescale

LICON LABS

IZX_.

Gafineon.
NXEO

(glCﬁY MBET"

CORPORATION

Avaco

TECHNOLOGIES

" mouser.com
Semiconductors and electronic
components for design engineers.

Authorized Distributor

Proof that the
company you
<KeeD says a
Ot about your
company.

Come to Mouser for what’s next from these industry leaders.

M mouser.com LECTRO |cs

a tti company

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,



contents 2 15 10

se -

Waveform analyzer plug-in
smokes at 50 GHz, 32 Gbps

Optical diode targets
silicon-photonics efforts

Intel reveals
Ivy Bridge details

EU project boosts

organic photovoltaics

for solar-power generation
Voices: Tensilica’s Chris

Germanium laser acts Rowen: hooked on electronics

as on-chip light source

Chips ease users’ frustration
with frozen gadgets

EDN online: Join the conversation; Content; Engineering Community
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Baker’s Best: EMI problems? Part two: Where does EMI come from?
Teardown: What'’s inside the Samsung 40W-replacement-LED light?
Mechatronics in Design: Circuits without wires

Supply Chain: Clamping down on counterfeits

Product Roundup: Amplifiers and Oscillators

Tales from the Cube: Murphy’s Law applies—even under water
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Benchmark
MOSFETs

upto2A

upto4A upto7A upto10A

Max.R . @

DS(on)

Package 45y o5y
mQ) (mQ)

Part
Number

o PQFN 2x2 IRLHS2242
SOT-23 54 95 | IRLML2244
POFN2x2 | 12 16 | IRLHS6242

2oy | SOT23 2 27 | IRLML6244
Dual
POrN 2 | B 62 | IRLHS6276
POFN2x2 | 16 20 | IRLHS6342
TSOP-6 18 22 | IRLTS6342

30V | soT-23 29 37 | IRLML6344
Dual
P 82 | IRLHS6376

FEATURES:

e Available in both N & P Channel for
simple design

e | atest silicon technology offering
low Ry, for increased battery life

e 2.5V drive capable available for
1-cell Li-lon Battery Applications

¢ PQFN package offers high power
density reducing system size

For more information call 1.800.981.8699
or visit

International
Rectifier

THE POWER MANAGEMENT LEADER
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JOIN THE CONVERSATION

Comments, thoughts, and opinions shared by EDN’s community

In response to “Simple
diode serves as a
sensor for a thermal
probe,” a Design Idea

by Raju Baddi, http:// ¥ s oo m:zjﬁ

bit.ly/AC5N|C, Tarek T inaree :\) Na1a8 X
comments: , < e
e 2 5k
1 BC559

“Great idea for a really
cheap/bare-bones 1ok S0UA 16 10 4
temperature sensor. It is © [
suitable only for prototype ‘
or single shots, though ... =
because the exponential
nature of diode IV characteristics would mean that you have to always
tune the circuit. Transistors can also vary a lot, as well. Using matched
pairs helps the problem only between the two on the same board, but
you cannot do anything about the fact that a different pair on another
board can have 50 to 100% difference in gain.”
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- (9 / In response to “Why did you become an engineer?”
{ " ablog post by EDN’s Suzanne Deffree, http://bit.ly/
E ~ yD1hsg, JM Arroyo comments:

“Curiosity is the fuel of imagination, and engineering is
e its cure. Finding answers to what others cannot explain
is magic. Since | am a lousy poet, the next best thing
was becoming an engineer, especially a ‘double E’; 40 years later, | still
love it, and | am still searching for answers.”

EDN invites all of its readers to constructively and creatively comment
on our content. You’ll find the opportunity to do so at the bottom of each
article and blog post. To review current comment threads on EDN.com,
visit http://bit.ly/EDN_Talkback.

© ENGINEERING COMMUNITY

‘ Opportunities to get involved and show your smarts

Engineering the Next Generation networking event

Remember when you were just starting out and a more experienced engineer took
you under his wing, helped you navigate those first few years of your career, and always had from-the-
field words of wisdom to share? It's time to be that guy. Join us on March 28, during Design West, at a
networking event for experienced engineers and new engineering professionals. You’'ll get the chance to
meet the next generation, offer your mentorship if you choose to, and get an idea of who will be sitting in
your chair in 10, 20, or 30 years. Find information and register at http://bit.ly/zDFaGF.

[www.edn.com]
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Can’t-miss content on EDN.com
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GETTING AROUND
MULTICORE WALLS: THE
ROADS LESS TRAVELED

The processor industry has been
running pell-mell down the road
of multicore design. But a funny
thing happened on the way to the
personal supercomputer: It didn’t
work.

http://bit.ly/yJv5Ub

ATMEL AND CYPRESS
TARGET SINGLE-LAYER
TOUCHSCREENS WITH NEW
CONTROLLERS, ITO SENSOR

= Single-layer,

# Mmultitouch

~3 touchscreens are
1 getting thinner,

smarter, and less

expensive. Meanwhile, physical

knobs and switches are going the

way of the dinosaurs.

http://bit.ly/zLCu1m

&

ILLUSTRATION: ISTOCK.COM
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EDN: It’s all about you

hange is the one true constant, and EDN is no exception.

In the coming weeks, you'll be hearing and seeing more and

more how EDN.com is also changing. In fact, you've already

seen some of those changes reflected in the print edition of

EDN, specifically in the content that emphasizes the com-

ments you've made online about our articles. Those changes
represent minor tweaks to our print edition, but they’re symbolic of a key
underlying principle of EDN and our site redesign: It’s all about you, the
engineer. EDN has always been about you and helping you understand the
latest trends and technologies and how to fold them into your next design.
That goal hasn’t changed and won’t change.

We are changing how we achieve
this goal, however. To date, it’s been a
bit of a one-way conversation. We typi-
cally scout the horizon and bring back
the latest and greatest in a form that
you can quickly digest and use. That
approach is good, but, with the new
site, we’ll make it a lot easier for you to
provide your feedback to us and to the
world by placing that feedback farther
up on each page and within each article.
Your voice, the voice of the engineer,
will ring loud and clear.

We'll also make it much easier for
you to directly contribute to the conver-
sations through article-upload pages for
feature articles; Design Ideas; Tales from ~

the Cube; products; and, eventually, Social media for

video you'd like to share. From reading - .

the many comments you leave on our engineers: not an

site, it’s clear that you have a lot of opin- oxymoron, espe-

ions and ideas, and it’s our goal to put H Y 30

a spotlight on those thoughts and fos- CIa"y if it can help

ter discussion and conversation about = Y OU get home ata
decent time on a

Friday night.

them to help you connect with your
peers, find like-minded engineers, and
as quickly as possible get your design
from concept to reality.

.COMMENT

Are you social? That question has
been asked of engineers more than most
other groups because we tend to be

10 EDN | MARCH 15, 2012

introverted, and people perceive us as
a tough bunch to engage with. Not all of
us fit that mold, but it’s a general rule of

/

BY PATRICK MANNION, DIRECTOR OF CONTENT

thumb. We’re also skeptical of the next
big thing, avoid marketing types like the
plague, and generally don’t trust sales or
anyone hawking a cure-all—in other
words, we're viewed as scarily smart.

For these reasons, it seems, we're
less likely to jump on the social-media
bandwagon. When we do enter the fray,
though, we want to look at how to rein-
vent the tools and platforms. We can’t
help ourselves.

Me? I have two Facebook accounts.
Neither has my true date of birth or
age. I don’t trust Facebook’s policies
and security systems. Yet, although I
was slow to join Facebook, I've found it a
useful way to keep up with friends in the
industry whom I’d otherwise be unable
to keep track of on a regular basis. When
they, as well as my boss and colleagues,
recently sent me a happy-birthday note
during the Consumer Electronics Show,
I was grateful and didn’t want to break
the news to them that it’s not until, well,
some other time later in the year.

This information is now relevant

because EDN will be implementing a

type of social media. It’s not

@ personal, and it focuses entirely

7 on helping you keep track of

what’s going on across the site

and keeping track of those con-

tributors you like and the topics

you enjoy. This social media for

engineers targets those who want

the knowledge, information, and

contacts to help them network with

peers and still be able to get home

at a decent time on a Friday night.

The idea is to be nonintrusive but

helpful. Combining that goal with

the content we’ll be posting across

the site, we hope you’ll have a bit of
fun in the process.

What do you want to see on EDN.
com and in EDN? It’s your outlet, both
online and print, so where do you want
to take it? We have ideas aplenty based
on your feedback over the years, but the
changes afoot make it even more impor-
tant that you tell us what you need and
what you'd like to see. We're looking
forward to hearing from you!epn

Contact me at patrick. mannion@ubm.com.

[www.edn.com]
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AC-DC Converters

Power Factor Corrected
5-300Vdc
Isolated DC Output
Low Cost gur©

. 300
Industrial Y warts

Two Units in One
AC1 Series

Universal AC Input
47-400Hz
Input Frequency

* STANDARD: 5 to 300 vdc
regulated, ISOLATED
outputs/Fixed frequency

e ALL in ONE compact full brick
module, 2.5" x 4.6" x 0.8" Vacuum
encapsulated for use in rugged
environments

e Lower cost for your Industrial
applications

* Maximize your design up to
300 watt models

* Meets Harmonic Distortion
specifications

* .99 Power factor rating at
operational levels

* Expanded operating temperatures
available -40 & -55C, +85 & 100C
base plate

* Custom models available

ectronics.com

www.picoe!

Send Direct
for free PICO Catalog
E-Mail: info@picoelectronics.com
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Waveform analyzer plug-in smokes

at 50 GHz, 32 Gbps

eading-edge optical- and electronic-
Lcommunication—system design is dif-

ficult. You need consistent and con-
fidence-inspiring instrumentation that has
better than the leading-edge performance
you are trying to achieve. Meeting these
requirements, the 86108B precision wave-
form-analyzer module from Agilent, part of the
company'’s 86100C/D DCA wide-bandwidth-
oscilloscope family, targets the testing of high-
speed links, such as IEEE 802.3ba 40/100-
GbE, Optical Internetworking Forum CEI 3.0,
and Fibre Channel INCITS T-11 32G.

Its integrated precision timebase and clock-
recovery design yields typical residual jitter of
less than 50 fsec rms for the high-bandwidth
option and provides continuous data-rate cov-
erage from 50 Mbps to 32 Gbps, along with
peaking control and adjustable loop band-
widths to 20 MHz for enhanced phase-locked-
loop response. The internal triggering architec-
ture allows relatively simple connection
schemes, along with analysis of low-

A jitter measurement of a 14-GHz sine
wave shows that the RJ component
measures at 39 fsec rms, using the
module’s integrated clock-recovery and
timebase functions.

12 EDN | MARCH 15, 2012

amplitude signals and elimination of clock-data
delay that can corrupt jitter measurements.
An internal phase detector supports accurate
measurements of PLL bandwidth, jitter trans-
fer, and jitter- and phase-noise spectrum.
The low-bandwidth option offers two chan-
nels with 35-GHz bandwidth; residual jitter of
less than 60 fsec/90 fsec; typical and guaran-
teed noise of 500 and 700 pV, respectively;
and internal clock-recovery rates of 50 Mbps
to 16 Gbps or 50 Mbps to 32 Gbps, depend-
ing on option. The high-bandwidth option
instrument’s bandwidth is 50 GHz, with jitter
specifications of 50 fsec/70 fsec; typical guar-
anteed noise of 800 and 980 pV, respectively;
and the same clock-recovery rates as the low-
bandwidth option. Prices start at $80,000.
—by Bill Schweber
Agilent Technologies,
www.agilent.com/find/86108B,
www.agilent.com/find/dcax.

EDITED BY FRAN GRANVILLE

S

INNOVATIONS & INNOVATORS

—Electrical engineer Lee
Hardesty, in EDN's Talkback
section, at http://bit.ly/y4hykd.
Add your comments.

The Agilent
86108B precision
waveform
analyzer’s plug-in
module for the
86100C/D DCA
wide-bandwidth-
oscilloscope
family targets the
testing of high-
speed links.

[www.edn.com]
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Robotics

LabVIEW Helped Me

Bridge the gap between
teaching theory and real-
world design experience

Latest Project
Building a robotic tuna
to swim across

the Atlantic Ocean
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>> Find out how LabVIEW can make you better at ni.com/labview/better 800 453 6202
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EU project boosts organic photovoltaics
for solar-power generation

SEM (Swiss Center
for Electronics and
Microtechnology) has

launched a four-year, €14.2
million ($18.8 million) project
that aims to develop highly effi-
cient, long-lasting, inexpensive,
and environmentally friendly
printed organic photovoltaics.
The Sunflower (sustainable
novel flexible organic watts
efficiently reliable) project gath-
ers 17 partner institutions from
science and industry, including
Agfa, BASF, DuPont Teijin Films,
and Amcor Flexible Kreuz-
lingen, as well as photovoltaic
pioneer Konarka Technologies
and European research insti-
tutes and universities.

TRANSPARENT
PACKAGING TRANSPARENT
ELECTRODE  pRiNTED
ACTIVE
. MATERIAL
PRIMARY

LIGHT

/ \\\
\\\
TRANSPARENT PACKAGING ¢ £CTRONS

PARENT ELEC —
EXTERNAL LOAD

SUBSTRATE

ELECTRODE
SUBSTRATE

The requirements for the Sunflower-project prototype include
high module efficiency, multilayer structures, cost-effective barri-
ers, and roll-to-roll atmospheric-printing processes.

The Sunflower consortium
expects to produce printed
organic photovoltaic panels
with high-efficiency architec-
tures, such as tandem cells and
dedicated light-management
structures. The performance of

Germanium laser acts
as on-chip light source

PIC (Advanced Pho-
tonic Integrated Cir-
cuits) Corp, a supplier of

photonic ICs to the US military,
has announced that a research
team under the leadership of
APIC Chairman and Chief Exec-
utive Officer Birendra “Raj” Dutt
has succeeded in getting ger-
manium to act as a laser. This
achievement opens the pros-
pect of using germanium as an
on-chip light source for a future
generation of silicon-based

DILBERT By Scott Adams

photonic ICs, the company
says. Allowing circuits to use
light instead of electrons could
result in higher-performance ICs
that consume less power.
Acting as principal investiga-
tor, Dutt led a team of research-
ers at the Massachusetts Insti-
tute of Technology, Stanford
University, and APIC to achieve
the research result. APIC does
not indicate how it accom-
plished the task of making a ger-
manium laser or the wavelength

the photovoltaics’ active- and
passive-barrier materials will
greatly increase and will include
process-controlled morphol-
ogy, according to the partners.
They intend to deliver products
for cost-effective flexible sub-

of the photons the laser emits.

Germanium is compatible
with conventional silicon man-
ufacturing and finds use in sili-
con-germanium-process tech-
nology to improve electronic
circuits, enabling a relatively
easy transition from electron-
ics to photonics. Ultimately,
both data and control circuits
could be photonic, and one
circuit that could benefit from
on-chip optics would be an
optical clocking circuit. Opti-
cal processing, which manu-
facturers sometimes perform
using lenses to process data
fields, also readily supports

DID YOU HEAR THAT
DILBERT AND ALICE
ARE ON THE SAME
PON FARR CYCLE?

14 EDN

Dilbert.com DilbertCartoonist@gmail.com
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EVERY SEVEN YEARS,

ENGINEERS HAVE AN

| TRRESISTIBLE URGE

TO MATE. THEIR SPAWN
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THERE'S A REASON IT
RARELY HAPPENS

YOUR PLAN

HAS UN— et

SPECIFI-

NECESSARY
STFI.‘[’/S' CATIONS
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strates, diffusion barriers, and
conductors. They also expect to
soon have a deeper knowledge
of the device physics, an eluci-
dation of degradation mecha-
nisms, and an estimate of the
environmental impact of the
main materials and processes.

According to the consortium,
the requirements for the project
prototype include high mod-
ule efficiency that will compete
with other photovoltaic tech-
nologies; multilayer, or tandem,
structures to achieve high effi-
ciency; cost-effective barriers
to achieve long lifetime; and
roll-to-roll atmospheric-printing
processes to lower costs in sit-
uations in which costs include
fabrication and environmental
impact.

—by Anne-Francoise Pele

CSEM, www.csem.ch.

parallel processing. Photonic
chips would use a fraction of
the power electronic circuits
now need, with the beneficial
effect that much of the cooling
plant and energy expenditure
associated with computers and
data centers could also become
unnecessary.

APIC has teamed with the
College of Nanoscale Science
and Engineering in New York
State, with a plan to within two
years produce a fully manufac-
turable photonic chip using the
technology. “We will now be
able to use photons for many
of the information functions that
electrons have performed on
silicon computer chips, drasti-
cally reducing their power con-
sumption [and] supercharg-
ing performance,” says Dutt.
“Photonics is naturally ‘green.’
Along with the energy savings,
optical-data-communications
networks provide massive
increases in processor speed
and computational capabilities.”

—by Peter Clarke

APIC, www.apichip.com.
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SPECIAL ADVERTISING SECTION

| RAQ's
Rarely Asked Questions

Nobody is Perfect — Not Even an Engineer!

Q. What is the most common 7. Don't forget to verify that the circuit can

problem with precision ana|og toler_ate having its supplies (and signals)
Lo applied in any order (and with any value

CIrculits of dv/dt)—or to ensure that it cannot be

exposed to unacceptable power/
W signal sequences and rates.

A. Probably grounding errors,
but there are a number of
frequently seen mistakes.

They are mostly sins of
omission; engineers are

not perfect and can forget

8. Don't forget that switching
1 power supplies are not as
» | noise free as a battery.

things. iz i 9. Don'tforget that analog
¥ R .. e circuits, unlike micropro-
1. Don't forget to read the . B PR cessors, often do not
data sheet. (Application - - = reseton power up and
engineers routinely shout S8 Wi  thatyoumayneedto

“RTFDS"! astheyhang £ - ensure correct start-up.
up after an enquiry.) R s

Extracting implicit
information from a data
sheet, not just the explicit
details, is important.

10. Don't forget that
circuits don't start
instantly: capacitors must
charge and precision

e RIEEST circuits must stabilize.

2. Don't forget Ohm’s Law. The
resistance of a wire or PC track is not zero, 11. Don't forget that some circuits are

and leakage in “insulators” matters when unstable when driving a reactive load.
measuring low currents. An output stage that will drive a wide
range of resistive loads may oscillate with
3. Don't forget the bias current. Sometimes capacitance, such as that of a cable.

greasy fingerprints provide a current path
in the prototype, leading to surprises in 12. Don't forget that noise, like death and

the clean(er) final version. taxes, is universal. Every ADC has
quantization noise, every resistor has
4. Don't forget the stray resistances, Johnson noise—you can't avoid them.

inductances, and capacitances of the
final (crowded) PCB; don't assume that 13. Don't forget that IC designers may not

all'is well because the breadboard (or the be user friendly. Devices may not work as
SPICE model) worked. you expect. Again | say, "RTFDS!"

5. Don't forget that EMI and RFI occur All these issues, and more, have been
everywhere; filter your supplies and input/  discussed in earlier columns. Read them all,
output leads. and pin up this list where you can read it

every day!

6. Don't forget to consider the effects of

temperature variation on components
(including the effects of differing To Learn More About

temperature coefficients in nominally Precision Analog Circuits
identical components). http://dn.hotims.com/40996-100

§ 'RTFDS = “Read The Friendly Data Sheet”
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Chips ease users’ frustration

with frozen gadgets

TMicroelectronics’ new
generation of smart-
reset chips provide a

safe, convenient, and intuitive
means of resetting “frozen” gad-
gets, such as mobile phones,
media players, and other por-
table consumer devices. Tradi-
tionally, when electronic devices
freeze or lock up, users either
try to remove the battery, which
is sometimes inconvenient,
or find an appropriate tool to
press the dedicated reset but-
ton, which is typically in a hole
that is often difficult to access.

Smart resets extend the
functional capability of a
device’s buttons so that users
can simply reset their frozen
device by simultaneously push-
ing one or two buttons for a
long time. With the increas-
ing popularity of touchscreen
devices, smart resets remove
the need for extra buttons, sav-

ing space and cost for equip-
ment manufacturers and signifi-
cantly increasing convenience
for the user.

“The proliferation and com-
plexity of mobile apps, oper-
ating-system versions, and
hardware platforms has inevi-
tably brought about interop-
erability issues, with consum-
ers increasingly experiencing
frozen operation, or the ‘white
screen of death,” on their por-
table devices,” says Alberto De
Marco, director of the standard-
and high-resolution-products
business unit at STMicro.

The STM6524 dual-assert,
smart-reset IC effectively pre-
vents accidental resets. Its two
inputs connect to a selected
pair of buttons on an electronic
gadget. When a user holds
these buttons simultaneously
for a manufacturer-specified
time, the IC sends a reset sig-

M 2.

STMicro’s smart-reset chips provide a safe, convenient, and
intuitive means of resetting frozen gadgets, such as mobile
phones, media players, and other portable consumer devices.

nal to the main processor. The
combination of two inputs and a
programmable delay time effec-
tively prevents accidental resets.
The new single-assert STM6519
smart-reset IC targets single-
button electronic devices, such
as tablets and e-readers, with a
programmable-delay reset.
The IC has a smaller pack-
age than other currently avail-
able devices, and it implements
a customizable extended
input delay of 0.5 to 10 sec,

which increases flexibility and
enables manufacturers to dis-
tinguish their products through
user-interface settings. The
smart resets also integrate a
dedicated test mode, which
improves device testability
and slashes test costs. The
STM6519 and STM6524 sell
for $0.242 and $0.338 (1000),
respectively.

—by Fran Granville

STMicroelectronics,

www.st.com.

Optical diode targets silicon-photonics efforts

The Massachusetts Institute of Tech-
nology recently demonstrated a thin-
film optical diode that designers can
integrate onto a silicon photonic chip along
with lasers and waveguides. This task previ-
ously required a separate, discrete device.
According to Caroline Ross, the device’s
creator and the Toyota professor of materials
science and engineering at MIT, the device
creates a one-way street for photons in the
same way an electric diode directs a current
flow in only one direction. Optical diodes
will be useful for future photonic chips that
would eliminate the need for translating opti-
cal into electrical signals and back again to
perform switching and signal-processing
functions (Reference 1).

Using a garet material, which has a differ-
ent index of refraction depending on which
way light is flowing through it, MIT research-
ers demonstrated the passing of optical sig-
nals in one direction. The signals then divert
into a loop when traveling in the opposite

16 EDN | MARCH 15, 2012
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Caroline Ross, the Toyota professor of ma-
terials science and engineering at MIT, cre-
ated a thin-film optical diode that designers
can integrate onto a silicon photonic chip
(courtesy Allegra Boverman, MIT).

direction. Garnet, a material that is both trans-
parent and magnetic, is more difficult than
silicon to fabricate on CMOS chips. Neverthe-
less, Ross and her colleagues demonstrated
that they could deposit thin films of garnet
on silicon using standard processing steps.

The new component is a “diode for light,”
according to Ross. Manufacturers could
build the system using standard micro-
chip-manufacturing machinery. “It simpli-

fies making an all-optical chip,” she says.
The fact that manufacturers can now make
an integrated optical circuit could make the
technology easier to commercialize than a
system using different materials, explains
Ross, who says that manufacturers should
want to use a silicon platform.

“There’s a huge infrastructure for silicon
processing,” she adds. “Everyone knows
how to process silicon. That [knowledge]
means that they can ... develop the chip
without having to worry about new fabrica-
tion techniques.”—by R Colin Johnson

MIT, www.mit.edu.

REFERENCE

il Bi, Lei; Juejun Hu; Peng Jiang; Dong
Hun Kim; Gerald F Dionne; Lionel C
Kimerling; and Caroline A Ross, “On-
chip optical isolation in monolithically
integrated non-reciprocal optical reso-
nators,” Nature Photonics, November
2011, pg 758, http://bit.ly/zZRXSp4.
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INTEL REVEALS
IVY BRIDGE
DETAILS

Intel recently gave the
first public look at Ivy
Bridge, the first proces-
sors to use the com-
pany’s 22-nm trigate
technology. Intel plans at
least four major variants
of the chip, which packs
1.4 billion transistors
into 160 mm? in its larg-
est version. lvy Bridge
includes 20 channels

of PCle Generation

3 interconnect and a
DisplayPort controller.

The first vy Bridge
chip, with as much
as 8 Mbytes of cache
memory, targets a range
of desktop, notebook,
embedded, and single-
socket server systems.
It integrates a memory
controller and graph-
ics, which now support
DDR3L DRAMs and
Microsoft DirectX 11.0
graphics APls.

The largest die in-
cludes four x86 cores
and a large graphics
block. Designers can
chop it along its X axis,
its Y axis, or both using
automated generation
tools to create versions
with two cores or a
smaller graphics block.

Ivy Bridge handles as
many as 1600 million
transfers/sec as well
as 1.5V DDRS3. A write-
assist cache circuit pro-
vides an average power
reduction of 100 mV. The
DisplayPort block sup-
ports three displays, in-
cluding one 1.6-GHz and
two 2.7-GHz links.

—by Rick Merritt

Intel, www.intel.com.
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Tensilica’s Chris Rowen:
hooked on electronics

company’s founder, chief technology officer, and a member of

Chris Rowen, PhD, the first president of Tensilica Inc, is the

the board. Rowen in 1984 helped start MIPS Computer Sys-
tems Inc and most recently was vice president and general manager
of the Design Reuse Group at Synopsys. The RISC guru spoke with
EDN about how he became interested in engineering, what engineer-
ing students need to know, and the biggest challenges facing SOC
design for today’s advanced applications. A portion of that interview
follows. Read the full version at www.edn.com/120315pulsea.

How did you initially
become interested in
engineering?

| was a physics major as

an undergraduate. Phys-
ics was great: It was tough and
theoretical. But in my junior
year, | took a laboratory elec-
tronics class for physicists, with
the idea being you’ve got to go
build some of the equipment
you’re going to use to be a
practicing physicist. It was just
such an eye opener; there was
all this cool stuff that you could
do. It was basically the TTL of
design: logic gates, counters,
resistors, capacitors, and
inductors—the basic stuff. It
was both an introduction to all
of the standard electronics the-
ory, but also very hands-on. |
was hooked.

Then the hook was sunk in
deep because | was working
on advanced DRAM technol-
ogy and stuff. | went to work
for Intel when | got my degree
in physics and got deeply
involved in transistors, in layout,
and in all the issues around
fundamental electronics and
logic design, then program-
ming testers to test semicon-
ductor devices.
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What advice would you give
to engineering students
today about the challenges
they are going to face to
help them prepare for the
realities of a career in
engineering?

One of them is under-

stand the whole technol-
ogy stack, meaning understand
something about transistors,
gates, processor architecture,
parallelism, networks, large
data, large systems, and appli-
cations because you really want
to find the places where you
can connect between levels;
that’s where the most valuable
insights come from. Lots of
specialists know all about tran-
sistors or all about social net-
working or all about micropro-
cessor instruction sets, but you
can’t typically push one level
alone. It's when you understand
something about where the
end applications are pulling you
or where the underlying elec-
tronic technology is pushing
you that you get to do some-
thing outside the box. Under-
standing the whole technology
stack and how you make trade-
offs between levels is an essen-
tial capability for people who

want to be real innovators.

The second thing is work
on hard problems rather than
popular problems. Popularity
of problems comes and goes;
they’re fads, particularly if
you’ve been in venture-funded
things. The venture community
tends to wake up one day and
say, “It's all social networking!”
or “It’s all graphics!” Everybody
then rushes into the space,
and even companies with
superior technology can get
lost in the noise of the other
47 companies trying to do the
same thing because it’s a fad.
On the other hand, if you're
working on hard problems,
then you have a chance of
doing something that’s defen-
sible, and you have a chance
of doing something that’s more
durable than the current fund-
ing cycle.

The last one is | think true
of every field: Seek out the
best people; work for the best
people. Judge what you work
on not by how hot it is at the
moment or even how lucrative
it looks like it’s going to be but
who’s going to be able to share
their insights, their brilliance,
their observations, and their
connections with you because
so much of what you learn
is not the kind of knowledge
you’re going to get from the
text books or knowing the the-
ory better than somebody else,

although [those things] certainly
help. It’s going to be what mod-
els of behavior you learn and
what intellectual disciplines you
develop; the role of mentor is
very important in [achieving
those goals]. Sometimes, it is
your peers who are your men-
tors on particular dimensions of
a problem.

What is the biggest chal-
lenge facing the business of
SOC design for advanced
applications?

We happen to be doing it

with this notion of the
application-specific data pro-
cessor. But the bigger problem
we’re addressing is: How do
we take all of this hypothetical
capability in deep-submicron
technology—28 and 22 nm?
You can build these chips with
a billion transistors and turn it
into something that’s an effi-
cient and unique world-changer
in that particular segment.
Then, do that [scenario] over
and over again in the hundred
different subsegments where
people build electronics. Al
these smartphone categories
and digital-television categories
and home-network categories
are enabling simultaneous inno-
vation by teams with different
skills. How do we engender
and encourage the sort of cre-
ativity that can create new lead-
ers in each of these segments?

It's sometimes a question of

helping people overcome their
own self-doubts. You keep
solving the same problems or
the new problems in the same
way. That [approach] some-
times makes it hard to get
ahead, to innovate, to do things
that haven’t been done before.
[It] fails to take advantage of
changes that are taking place
and fails to bridge between
these levels of the technology
stack.—interview conducted
and edited by Ann Steffora
Mutschler
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EMI
Where does EMI come from?

BAKER'S BEST

BY BONNIE BAKER

problems? Part two:

lectromagnetic interference is a part of our lives. Many people
think that the proliferation of electronic products is a good
thing because they improve our comfort, safety, and health
(Reference 1). These products also bring with them the poten-
tial for electronically harmful EMI signals. EMI signals can
come from various sources, including the common electronic

devices around us, as well as vehicles and heavy equipment. In automo-
tive designs, some of these EMI generators reside in the same cabinet as
the vehicles’ sensitive electronic circuits. This proximity affects the audio
equipment, automatic door controls, and other equipment.

Every electronic device, includ-
ing cell phones, creates both good and
bad characteristics. Cell phones these
days offer the convenience of talking to
friends, family, and business associates
from just about anywhere. However, they
also have the potential to produce EMI
signals—and those signals are only part
of the problem. The evolution of these
devices exceeds the basic phone services
by including smartphone capabilities.

Neighboring equipment and circuits
do not expect this type of EMI noise. Cell
phones rely on high levels of RF energy to
do their jobs. Although they comply with
regulations, they may become sources of

unintended EMI to susceptible devices.

PCBs, clock circuits, oscillators, digital
circuits, and processors also can be sourc-
es of EMI in circuits. Electromechanical
devices that switch currents produce EMI
during make-or-break operations. These
EMI signals do not necessarily have a
negative effect on other electronic equip-
ment. The spectral content and inten-
sity of an EMI signal determine whether
it has the potential for an unexpected
response from a susceptible circuit.

You can simplify the spectral content
of a digital signal to its frequency and
rise time. The clock or system frequency
establishes a time reference for the cir-

/

cuit, but its edge rates create interfering
harmonics. Figure 1 shows the spectral
content of a 10-MHz square wave. The
10-MHz signal has an edge rate of 10
nsec. The magnitude of these harmon-
ics decreases with frequency. Generally,
the potential EMI for this type of sig-
nal spans to the maximum frequency, or
1/(mxtyep), where t, o is the rise time,
equating to approximately 31.8 MHz for
a 10-nsec edge rate.

The figure shows that the last sig-
nificant harmonic occurs at 30 MHz.
Meanwhile, the 1-nsec edge rate in
Figure 2 equates to a maximum fre-
quency of 318 MHz. The EMI harmonics
might cause interference in your circuit if
it is susceptible to frequencies within the
318-MHz bandwidth.

[t is better to stop the interfering signal
at its source, rather than allow it to prop-
agate through circuits. As for vehicles,
carmakers are constructing more vehicle
bodies with plastic, which becomes a
problem when you need to find a low-
impedance ground or provide shielding.

Once the signals are free and roam-
ing about, they stand a chance of enter-
ing your sensitive systems and wreaking
havoc. Next month’s column will detail
how the EMI signal travels through the
medium to get to your circuits.EDN

REFERENCE

il Baker, Bonnie, “EMI problems? Just
the facts, please,” EDN, Feb 16, 2012,
pg 18, http://bit.ly/x8uebu.
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Figure 1 The spectral content of a 10-MHz square wave shows
that the 10-MHz signal has an edge rate of 10 nsec. The mag-
nitude of these harmonics decreases with frequency.
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300 MHz.
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Figure 2 The 1-nsec edge rate equates to a maximum frequency
of 318 MHz. Harmonic content is significant to approximately
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What’s inside the Samsung X
40W-replacement-LED light? |

n February 2010, EDN tore down its first LED bulb (Reference 1). For $20, you got a
nondimmable bulb that produced 500 lumens at a cool white (5000K) and consumed
7TW. The warm-white version of the light produced only 450 lumens. Two years later,
you can buy this fully dimmable Samsung bulb for $19.95 (list price) that puts out 550
lumens of a nice warm white (3000K), consumes 10W, and boasts a five-year warranty.

As you’d expect with
a snow-cone-type
bulb, the light pat-

tern does not extend It’s usually difficult to find out what power-management

as far down as the IC an LED bulb uses, and this one was no exception. By

light extension of an process of elimination, it seemed likely that the IC must =
incandescent bulb be beneath the white blob of goo. \:r__\

(Reference 2). P

_.-

The light uses only one
LED component to pro-
duce its 550 lumens.

Lights that are not incandescent face a challenge when
you try to control them with an old-fashioned TRIAC-
based dimmer switch. The graph below shows the dim-
ming characteristics of LED, compact-fluorescent, and
incandescent bulbs, showing their dimming performance
as a percentage of their highest light output, rather than
an absolute measure—say, in lux. The incandescent bulb
(yellow line) does not dim linearly with power. It does dim
down to zero, however. A CFL (orange line) does a better
job of dimming with power, and the Samsung LED light
(green line) dims linearly with power. However, it drops
out at slightly less than 20% of its maximum output light.
| used a Taos light sensor from Adafruit, controlled by an
Arduino development system, to take these measure-
ments (Reference 3).

Sure enough, the
vertically mounted

IC shows a Power
Integrations logo and
a LinkSwitch part
number: LNK403EG
(Reference 4).

All of the electrolytic
capacitors used are
125°C and most likely
are properly derated,
contributing to the
manufacturer’s five-
year warranty. The
| bulb’s packaging lists
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Circuits without wires

Understanding magnetic circuits illuminates electromechanical devices.

in his influential 1959 lecture entitled “The two cul-

tures,” not knowing the second law of thermodynam-
ics is equivalent to having never read a work by Shakespeare.
Two cultures also appear to exist in the engineering com-
munity, and the situation is worsening. At one extreme,
engineers use the trial-and-error, plug-and-chug approach of
just getting an answer. The other approach embraces a world
of understanding through modeling and the application of the
laws of nature through their language, mathematics.

The mathematical statements of Maxwell’s equations spec-
ify the divergence and curl of E (electric)- and B (magnetic)-
vector fields. They include the laws of Gauss, Ampere, and
Faraday. Maxwell’s four equations simply state that E diverges
outward from positive charges and inward to negative charges;
E curls around changing B fields; B never diverges, always
looping around; and B curls around currents and changing E
fields. Magnetic-circuit analysis represents algebraic approxi-
mations to exact field-theory solutions. Mechanical motion
must occur in all electromechanical devices; this motion
changes flux linkages. In a linear electromagnetic system,
inductances are functions of mechanical motion.

The figure shows in cross-section the dynamics of motion
for electromechani-

Q ccording to novelist and physicist Charles P Snow
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load force, £, to the plunger.
Assume that the frictional force is
linearly proportional to the velocity
and that the damping coefficient is
B. The coil has N turns and exhibits
resistance. Its terminal voltage is e,
and its current is i. The effects of
magnetic leakage and reluctance of
the steel are negligible. The reluc-
tance of the magnetic circuit is that
of the two guide rings in series, with
the flux directed radially through
them. Assume constant flux density
in the guide rings with respect to the
radial distance because the length of
the flux path in the direction of the
field is much less than the diameter.
The upper and lower areas of the flux
path are perpendicular to the field.
For the upper gap’s reluctance
expression, assume that the field is concentrated in the
area between the upper end of the plunger and the lower
end of the upper guide ring. As the electrical resistance of a
wire, €/GA, the reluctances of the upper and lower gaps are
g/p,mxd and g/pmad, respectively, which add together to
give the total reluctance. The inductance, L(x), is equal to
N? divided by the total reluctance, and the magnetic force
acting upward on the plunger is given by %i*(dL/dx). The
induced voltage in the coil is given by d(Li)/dt. Application
of Newton’s second law and Kirchhoff’s voltage law results in
the following two dynamic equations of motion for the system:

Kevin C Craig, PhD,

is the Robert C Greenheck
chairman in engineering
design and a professor of
mechanical engineering at
the College of Engineering
at Marquette University.
For more mechatronic
news, visit mechatronics
zone.com.

d’x dx
f -M55-B5—Mg-K(x—€ )+1/2L |i(+—)2:|,

de? dt
and
X |di g _a dx
1R+L dt +il (a x)?
where e IN? .
=5

These equations provide a better understanding of the con-
cept of circuits without wires.EDN
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WHY DEBUG?

BY JAMES W GRENNING « RENAISSANCE SOFTWARE CONSULTING

ou all write code and then toil to make
it work. You build it, and then you fix
it. Testing is an afterthought—some-
thing you do after you write the code.
You spend about half your time in the
unpredictable activity of debugging.
Debugging shows up on your schedule under the
guise of test and integration. It is a source of risk and  §
uncertainty. Fixing one bug might lead to another
and, sometimes, to a cascade of other bugs.
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You keep statistics to help predict
how much time you need to remove
the bugs. You measure and manage the
bugs. You watch for the “knee” of the
curve, the trend that shows that you
finally are fixing more bugs than you are
introducing. The knee shows that you
are almost done, but you never know
whether another killer bug is hiding in
a dark corner of the code.

One aspect of designing for manu-
facturability is determining why these
bugs happen to you. The simple answer
is this: You put them there. It’s the way
you work. When test follows develop-
ment, it will find defects (Figure 1 and
Reference 1). You make mistakes when
you develop; the tests’ job is to find the
defects. If you are any good at testing,
you'll find bugs. Following development
by test means you must find, fix, and
manage a boatload of defects.

This procedure, debug-later pro-
gramming, is currently the most popu-
lar way to program. Write the code;
debug it later. Debug-later programming
is risky. You make mistakes because you
are human. You can be sure of neither
when the bugs will appear nor how long
it will take to find them (Figure 2).

When the time to discover a bug
(T,) increases, the time to find the bug’s
root cause (T, ) also increases—often
dramatically. If it’s a few hours, days,
weeks, or months from introduction to
discovery, you lose context and must
start the bug hunt. When you find
defects outside the development phase,
then you must also manage the bug. For
some bugs, the time to discover a bug
does not affect the time to fix the bug
(Tp), but some working code may also
depend on the bug. Fixing such bugs in
turn causes other bugs.

Short cycles and aggressive test
automation save time and effort. You
need not repeat tedious and error-prone
manual tests. With test automation,
the cost of retest can involve almost
no additional effort. Test automation
quickly detects side effects and avoids
the need for debugging sessions.

In another approach, TDD (test-
driven development), you develop test
and production code concurrently in a
tight feedback loop (references 2 and
3). In a TDD microcycle, you write
a test, watch it not compile, make it
compile and fail the test, make it pass,
clean up any mess, and repeat the pro-

[www.edn.com]

AT A GLANCE

Why do these bugs happen to
you? You put them there.

In TDD (test-driven develop-
ment), you develop test and pro-
duction code concurrently in a tight
feedback loop.

TDD might have helped to avoid
the embarrassing Zune bug.

Target-hardware bottleneck
comes in various forms, and you
can use TDD to avoid the bottle-
neck during the tight TDD-feed-
back loop.

TDD helps you ensure that your
code does what you think it does.
How can you build a reliable system
if it does not?

TDD quickly finds small and
large logic errors, preventing bugs
and ultimately yielding fewer bugs.

cess until you are finished. Writing test
code and writing production code are
integrated processes. If you make a mis-
take and the new test does not pass, you
immediately know about and can fix the

mistake. The tests tell you whether you
get the new test to pass but introduce
a bug. You plug automated tests into a
unit test harness (Figure 3). Running a
retest is free.

Some but not all occurrences of bugs
are prevented when you perform devel-
opment and test in the TDD feedback
loop. TDD has a profound effect on
design and how you spend your time.

In contrast to debug-later program-
ming, the physics of TDD do not include
the risk and uncertainty of tracking
down bugs (Figure 4). When the time
to discover a mistake approaches zero,
the time to find the mistake’s root cause
also approaches zero. A code problem
that you recently introduced is often
obvious. When it is not obvious, the
developer can get back to a working sys-
tem by simply undoing the last change.
The time for finding and fixing the mis-
take is as low as it can get, given that
things can get only worse as time clouds
the programmer’s memory and as more
code depends on the earlier mistake.

TDD provides immediate notifi-
cation of mistakes that allow you to
prevent many of the bugs you would
otherwise have to track down. TDD

DEVELOPMENT
L 1
i !
TEST
1 ]
DEFECTS
Figure 1 When test follows development, it will find defects.
TD TF\ND TF\X
//// //// TIME
MISTAKE MADE BUG DISCOVERY
(BUG INJECTION)
BUG FOUND BUG FIXED

Figure 2 You make mistakes because you are human. You can be sure of neither when
the bugs will appear nor how long it will take to find them.
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DEVELOPMENT

<SS <—>
(el el i)
T\ MISTAKE

' MADE ROOT CAUSE

FIXED
Figure 3 The tests tell you whether you get the new test to pass but in- MISTAKE FOUND
troduce a bug. You plug automated tests into a unit test harness. DISCOVERY

Figure 4 TDD has a profound effect on
design and how you spend your time.

In contrast to debug-later programming,
the physics of TDD do not include the
risk and uncertainty of tracking down

Be As Small As You Can Be [jas

represents defect prevention, whereas
debug-later programming institutional-
izes the wasteful activity of debugging.

System in Package THE ZUNE BUG
ey TDD might have helped to avoid the
Multi-Chip Module embarrassing Zune bug. Microsoft’s
3D Packaging Zune competes with Apple’s iPod. On
Dec 31, 2008, the Zune became “brick
Flip Chip for a day.” Dec 31 was New Year’s Eve
and the last day of a leap year, the first
leap year that the 30G Zune would
experience. Many people narrowed
down the Zune bug to a function in
the clock driver. Although the code in
Listing 1 is not the actual driver code,
it suffers from the same defect. Can you
find the cure for the Zune’s infinite loop
. - in Listing 1?7
Quick-Turn, On-Shore Capabilities Many code-reading pundits reviewed
Reduce your concept-to-production cycle
time with our multi-discipline design teams
and vertically-integrated manufacturing.

3D & Advanced Packaging
Cost Effective at Any Quantity

You don’t need cell-phone production volumes
to miniaturize & cost reduce your next design
using the latest packaging technologies.

this code and came to the same wrong
conclusion that you might. The last day
of leap year is the 366th day of the year,
. and the Zune handled that case incor-
Stacked Die rectly. On that day, this function never
returns! | wrote code to set the year and
the day of the year to see whether chang-
Hybrid Assembly ing the boolean code to days being equal
to or greater than 366 fixes the problem,
as about 90% of the Zune bug bloggers
Package on Package predicted. After getting this code into
the test harness, I wrote the test case
(Listing 2). Just as the Zune does, the
Interconnect test goes into an infinite loop. I applied
the popular fix, employing reviews by
= SYSte ms, Inc. thousands of programmers. Much to my
surprise, the test fails; the set-year-and-
time-of-day test determines the date
as Jan 0, 2009. New Year’s Eve parties
would still have their music, but the
Zune would still have a bug.

Chip on Board

Package in Package
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LISTING 1 ZUNE CODE

static void SetYearAndDayOfYear (RtcTime * time)

{

int days = time->daysSincel980;
int year = STARTING YEAR;
while (days > 365)

{
if (IsLeapYear (year))
{
if (days > 366)
{
days -= 366;
yvear += 1;
}
}
else
{
days -= 365;
yvear += 1;
}
}

time->dayOfYear = days;
time->year = year;

}

LISTING 2 TEST CODE

TEST (RtcTime, 2008 12 31 last day of leap year)

{

int yearStart = daysSincel980ForYear (2008) ;
rtcTime = RtcTime Create(yearStart+366) ;
assertDate (2008, 12, 31, Wednesday) ;

That one test could have prevented ~ you must write tests for everything—
the Zune bug. How would you know  at least everything that can break. It’s
enough to write that one test! You mind-boggling to imagine all the tests
would know if you could write tests for  that are necessary. Don’t worry, though;
only where the bugs are. The problemis  you don’t need a test for every day of
that you don’t know where the bugs are;  every year. You need a test only for those
they can be anywhere. So that means days that matter.

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5

RUN TESTS

WRITE COMPILE IN THE RUN RUN
ATEST FOR EVALUATION TESTS IN ACCEPTANCE
MAKE IT PASS TARGET HARDWARE TARGET TESTS
REFACTOR PROCESSOR OR HARDWARE IN TARGET
SIMULATOR
< >
MORE FREQUENT LESS FREQUENT

Figure 5 The need for fast feedback leads you to move the TDD microcycle off the tar-
get to run natively on the development system. A TDD cycle contains dual-target risks
and provides the benefit of a fast TDD feedback loop.
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Computer programming is complex.
TDD systematically gets your code
working as you intend and produces
the automated test cases that keep the
code working.

EMBEDDED DESIGN

When I first explored TDD, I realized
that it could help with one of the prob-
lems—target-hardware bottleneck—
that plague many embedded-software
developers. This bottleneck comes in
various forms, and you can use TDD
to avoid the bottleneck during the
tight TDD feedback loop. Concurrent
hardware and software development
is a reality for many embedded-devel-
opment efforts. If software can be run
only on the target hardware, you will
likely suffer unnecessarily from at least
one time waster. For example, the target
hardware may not be ready until late
in the delivery cycle, delaying software
testing; it may be expensive or scarce;
or it may have its own bugs. The tar-
get hardware may also have long build
times or long uploading times. Most
embedded-development teams experi-
ence some of these problems, which
slow progress and reduce feedback for
building today’s complex systems.

To avoid the target-hardware bottle-
neck, you can use “dual-targeting”—
designing your production code and
tests so that many of them run on a
standard PC. Dual-targeting has its
own risks, however. Testing code in the
development system builds confidence
in your code before committing it to
the target. Most of the risks of dual-

targeting are due to differences between
the development and the target envi-
ronments. These differences include
varying amounts of support for language
features, different compiler bugs, run-
time-library variations, file-name differ-
ences, and different word sizes. Because
of these risks, you may find that code
that runs failure-free in one environ-
ment experiences test failures in other
environments.

Potential differences in execution
environments should not discourage
you from dual-targeting, however. On
the contrary, you can work around these
obstacles on the path to achieving your
goals. The embedded-TDD cycle over-
comes the challenges without compro-
mising the benefits.

DEVELOPMENT CYCLE

TDD is most effective when the build-
and-test cycle takes only a handful of
seconds. This approach rules out hav-
ing target hardware in the loop for
most programmers. The need for fast
feedback leads you to move the TDD
microcycle off the target to run natively
on the development system. Figure 5
shows a TDD cycle that contains the
dual-target risks and provides the ben-
efit of a fast TDD feedback loop.

By going through the stages listed in
Table 1, you expect to find problems at
the appropriate stage. For example, you
would expect each stage to help find
these problems. Stage 1 gives you fast
feedback when you are programming,
ensuring that the code does what you
think it is doing. Stage 2 ensures that

Stage Problems

1 Logic, design, modularity, interface, and boundary conditions

5 Compiler compatibility, including language features, and library compat-
ibility, including header files and prototypes
Processor-execution problems, such as bugs in compiler and standard

3 libraries, and portability problems, such as word size, alignment, and
endian
Processor-execution problems, such as bugs in compiler and standard

4 libraries, and portability problems, such as word size, alignment, and
endian; hardware-integration problems; and misunderstood hardware
specifications
Processor-execution problems, such as bugs in compiler and standard

5 libraries, and portability problems, such as word size, alignment, and
endian; hardware-integration problems; and misunderstood hardware
and feature specifications
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your code compiles in both environ-
ments. Stage 3 ensures that the code
runs the same in both the host and the
target processor. The evaluation hard-
ware may need a larger memory than
the target does, so that the test and pro-
duction code can fit into the address
space. You can sometimes omit Stage
3 if you have a reliable target with the
space to run the unit tests. Stage 4 runs
the tests in the target. You could intro-
duce some hardware-dependent unit
tests in Stage 4. Stage 5 encompasses
seeing whether your system works as it

should when it is fully integrated. It’s
a good idea to automate at least some
of Stage 5. Teams adopting TDD find
significant value in Stage 1 and may not
implement all of the stages.

The embedded-TDD cycle doesn’t
prevent all problems, although it should
help to find most problems soon after
their introduction and in an appropri-
ate stage. You should be able to manu-
ally execute stages 2 through 4 at least
nightly. A continuous integration serv-
er, such as Cruise Control or Jenkins,
can watch your source repository and
initiate builds after check-in.

TDD helps you ensure that your code
does what you think it does. How can
you build a reliable system if it does not?
It helps you get the code right in the
first place, and it creates a regression-
test suite that helps you keep your code
working. You waste considerable effort in
finding, chasing, and fixing bugs. Many
developers are now preventing these
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bugs from occurring with TDD. It fun-
damentally changes how you program.

TDD quickly finds small and large
logic errors, preventing bugs and ulti-
mately yielding fewer bugs. Fewer bugs
in turn mean less debugging time and
fewer side-effect defects. When new
code violates a constraint or an assump-
tion, the tests let you know. Well-
structured tests then become a form of
executable documentation.

TDD also gives you peace of mind
because thoroughly tested code with
a comprehensive regression-test suite
gives confidence. Developers using
TDD report fewer interrupted week-
ends and better sleep patterns. TDD
also monitors progress, keeping track
of what is working and how much work
is taking place. When code changes
become difficult to test, it provides an
early warning of design problems.Epn
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HIDDEN

INTERFACES

ANEWPLAYGROUND FOR
EMBEDDED INNOVATIONS

BY ROBERT CRAVOTTA - EMBEDDED INSIGHTS INC

he rate of innovation is stag-
nating, say some analysts
(Reference 1). The complaint
is that the highly visible, and
hyped, innovations fall into
an incremental and predict-
able pattern that focuses on cost savings.
Areas identified for innovation in 2012
include social media, information flow, and
application stores. Another area for inno-
vation is camera-based interfaces, such as
Microsoft’s Kinect, which promises users a
richer way to interface with their consoles
and computing devices, but the hardware’s
$249 price puts this technology beyond
the range of most embedded applications.
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Despite these roadblocks, a number of hid-
den interfaces are quietly finding their way
into more systems; many of these interfaces
can detect a user’s presence and motion. A
hidden interface is one in which the sys-
tem provides no prompt for the user. Thus,
proximity sensing, which involves detecting
that a user is within range of a sensor, is a
hidden interface because, in most cases, the
user knows neither that the system is per-
forming such sensing nor why it is doing so.
Motion sensing is a potential hidden inter-
face because the motion sensing occurs,
despite the presence of the user, to allow
the system to adjust and adapt its behavior
based on where and how it is being handled.
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Proximity-sensing interfaces rely on
a variety of technologies. For example,
automobiles that support keyless entry
detect when a user is approaching the
vehicle and unlock the door before the
user can pull the door handle to its full
open position. Additionally, on some
vehicles, these systems, along with an
ambient-light sensor to detect dark
conditions, may turn on lights outside
the vehicle to make it easier for the
user to find the door handle. In addi-
tion to detecting the presence of the
user, proximity sensing enables designs
to explore ways to offer touchless and
motion-sensing interfaces to comple-
ment pervasive touch technologies.

Motion-sensing innovations are
showing up in game consoles, such as
the Nintendo 3DS, and mobile devices,
such as smartphones and tablets, as they
take increasing advantage of built-in
gyroscopes to provide new ways to pan
the display. The gyroscope-based pan-
ning capability allows a user to see the
contents of the display change depend-
ing on where and how he is holding
the viewing device. For example, the
technology allows users to explore a
famous panoramic tourist site from a
360° perspective by spinning around to
see what is behind them. This hidden

interface allows the presentation of the

AT A GLANCE

Bl Innovations in embedded
designs are quietly showing up

in hidden interfaces employing the
detection of the presence and the
motion of a user.

Bl Capacitive-touch sensing is
evolving to include better proximity
sensing with a range as long as

25 cm.

Bl Infrared proximity sensing pro-
vides a strong complement to other
sensing technologies, such as
capacitive touch, and it supports
proximity sensing with a range as
long as 50 cm.

Bl Modern gyroscopes are enabling
designers to experiment with
advanced motion sensing to com-
pensate for users’ movement and to
present data in a richer fashion.

Bl Hidden-interface innovations are
appropriate in myriad applications,
including automotive, computing,
consumer, industrial, medical, and
white goods.

content to integrate with more of the
user’s own inertial sensing, which can
provide better feedback than dragging
a finger across the display to pan an
image.

These emerging, hidden interfaces
are becoming more practical for design-
ers to include in designs because the cost
to include them continues to drop—in

Figure 1 The Cypress Semiconductor CY3235 proximity-detection demonstration kit
shows how to use the PSoC (programmable-system-on-chip) CapSense-enabled
CY8C21434 to accurately sense the proximity of a hand or a finger along the length of

a wire antenna.
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many cases, to as low as approximately
a few dollars or less. The companies
providing such sensing products also
provide software libraries and engineer-
ing support so that embedded-system
developers need neither become experts
on the proper integration of these prod-
ucts nor work with the analog and digi-
tal components.

Available sensing approaches for
proximity and motion detection include
capacitive proximity detection, infra-
red- and ambient-light sensors, and
dual-core gyroscopes.

CAPACITIVE PROXIMITY

Capacitive sensing started to take off
with the ubiquitous adoption of touch-
screen interfaces in smartphones and
tablets, such as the iPhone. As the sens-
ing technology continues to mature and
the production costs drop, capacitive
sensing not only supports explicit touch
and gestures but also, through proxim-
ity sensing, provides systems with more
information about how the user is using
the system. A key hidden-interface fea-
ture is the ability to detect and reject
unintended touches, such as when a
user’s cheek touches the interface when
he places the phone to his ear or when
a user grips a device, thereby touching
its edges.

Recently announced capacitive-
sensing products, such as the Atmel
QTouch AT42QT2120 and the Cypress
CY8C21434, have increased the range
of proximity sensing to support distanc-
es as long as 25 cm (1 foot). The com-
panies supporting capacitive proximity
sensing provide engineering support,
application notes, and demonstration
kits to help designers (Figure 1). The
ability to reliably support capacitive
proximity sensing at longer distances
involves the use of algorithms that have
been maturing over the past few years.
These algorithms can now adjust the
sensitivity gain of the sensor depending
on whether it needs to perform proxim-
ity or touch sensing.

Proximity sensing enables designers
to keep energy-hungry portions of the
system in a deeper sleep state and wake
them up just before a user makes con-
tact. This approach can provide a bet-
ter user experience because the system
can react as if it were in an always-on
condition without always being fully
on. This type of sensing is useful for

[www.edn.com]
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applications such as waking a wireless
mouse and turning 3-D glasses on and
off for television systems.

Capacitive proximity sensing
requires the use of few or no extra com-
ponents if your system also supports a
capacitive-touch interface. The tech-
nology suffers, however, from the same
weaknesses as capacitive touch: It works
well with a user’s bare fingers but less
well with a user’s gloved fingers when,
for example, the user is employing the
device outside on a cold winter day.
This problem creates the opportunity to
provide new or more reliable capabili-
ties that rely on sensor fusion—that is,
combining inputs from multiple sensing
technologies. For this example, infrared
proximity sensing nicely fits the bill.

INFRARED PROXIMITY

Infrared- and ambient-light sensors can
provide complementary sensing, includ-
ing capacitive-touch sensing, to enable
sensors to further adapt their opera-
tion to environmental and contextual
conditions. Infrared proximity sensors
commonly find use in automatic doors;
lavatory toilets, soap dispensers, and
paper-towel-dispensing systems; and
mobile touchscreen devices. A mobile
system with a display can improve the
system’s battery life by detecting wheth-
er the presence or lack of light affects

employing an active-sensing approach.
In a passive-sensing approach, the sen-
sor identifies changes in the ambient-
light input. For example, when a person
approaches an automatic door, the sen-
sor causes a change in detected light.
However, if the person then stops, the
passive sensing may eventually establish
a new baseline so that the system does
not recognize that the person is still
standing in front of the door. An active-
sensing approach, in contrast, uses one
or more infrared-light-emitting diodes
to find reflections of known pulses of
infrared light. Infrared sensing can
complement capacitive-touch sensing
by enabling a system to know when it
should reject touches. It can also save
system energy by shutting down the dis-
play when a user places a smartphone on
his ear and turning the display on when
the user pulls the smartphone away from
his face.

The latest generation of small,
low-power infrared sensors, including
Silicon Labs’ Sil14x family of sensors
(Figure 2), may also be able to drive
multiple infrared LEDs to enable detec-
tion-gesture inputs in multiple dimen-
sions. The cost to include infrared sens-
ing currently ranges from approximately
60 cents to more than $1 (100,000),
depending on whether the system has
one detector or multiple detectors.

GYROSCOPES AND ACCELEROMETERS ARE
ENABLING NEW CAPABILITIES THAT ARE BOTH
VISIBLE AND INVISIBLE TO THE END USER.

the viewing conditions of the display
and can automatically adjust the bright-
ness to improve readability without any
action on the user’s part.

The Kindle Fire and Nook Touch
demonstrate another advantage of
infrared sensing over capacitive-touch
sensing. Both systems use an infrared
touch system because it requires no
indium-tin-oxide layer over the dis-
play. This approach enables a single-
layer capacitive-touch sensor to have as
much as 90% transparency, improving
readability and providing a noticeable
quality similarity between E Ink-display
output and the printed material.

Infrared proximity sensing supports
the new hidden-interface capabilities
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Some next-generation infrared sen-
sors can detect a user’s presence from
a distance of 50 cm (approximately 2
feet). This sensing range can allow a
thermostat to change what it displays
based on whether the user is near or far
from the unit. For example, when a user
is within 50 cm of the thermostat, the
display might show menu buttons along
with the temperature. When the user
is farther than 50 cm away, the entire
display area can show a larger font of
only the room temperature so that the
user can read it from across the room.

By using multiple infrared LEDs and
detectors, a system can support a touch-
less gesture interface. Depending on the
sensing system’s configuration, it can

Figure 2 Silicon Laboratories’ Si114x
QuickSense infrared sensors pack as
many as three independent LED drivers
into a 2x2-mm QFN-10 package and
support a sensing range as long as 50
cm, virtual slider buttons, and three-axis
motion and gesture sensing.

detect coarse movements of the user’s
hand in multiple directions. This capa-
bility could allow users to use touchless
scrolling when using a cooking appli-
cation on a mobile device to advance
to the next step even though their
hands are covered in oils or messy food
materials.

“Infrared systems will not replace
existing interface technologies,” says
Ahsan Javed, human-interface-prod-
uct manager at Silicon Labs. “Rather,
they can be used to augment the cur-
rent sensing systems.” Such augmented
devices can act with more certainty to
improve the system’s performance, bat-
tery life, and the user’s experience with
the device without requiring the user to
be aware that the system is automati-
cally adjusting many small details.

DUAL-CORE GYROSCOPES

Gyroscopes and accelerometers are
enabling new and expanded capabili-
ties that are both visible and invisible
to the end user. MEMS accelerometers
and gyroscopes are replacing bulky
sensors that comprise discrete compo-
nents in applications such as air-bag-
deployment systems for automobiles in
smaller form factors and at lower costs.
Since 2003, accelerometers have been
used in disk drives to detect when they
are falling. During the fall, the drive
attempts to lock the mechanical por-
tions of the system into a safe place to
protect the drive mechanism and the
stored data before the drive collides
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with the ground or another surface.

As designers incorporate better
motion-sensing technology in smart-
phones and tablets, the applications on
these devices will begin to go beyond
display rotation based on the orienta-
tion of the device. Mobile systems are
increasingly able to support pedestri-
an-level dead reckoning to assist with
indoor and multiple-floor navigation.
The systems detect motion well enough
to support enhanced motion-based
gaming, and designers are experiment-
ing with replacing handheld devices’
ability to react to pushed buttons with
the ability to instead react to motions or
gestures. For example, a designer might
remove the mechanical power-on/off
button when the system can reliably
detect when the user performs a custom
motion with the device.

The three- and six-axis MEMS
accelerometers and gyroscopes
enabling these capabilities sell for less
than $1 and $3 (large quantities),
respectively. The recently announced
MEMS L3GA4IS dual-core gyroscope
from STMicroelectronics sells for less
than $4 (1000). The dual-core gyro-
scope recognizes user motion and sup-
ports camera-image stabilization and a
motion-sensing range of 65 to 2000°/
sec. Sensors with a range of 65°/sec can
detect small motions, such as those in
optical-image-stabilization systems. The
systems must sense and compensate for
jitter in a user’s hand to capture clear
images. The ability to sense, say, 2000°/
sec motion enables systems to accu-
rately detect fast and broad motions,
such as when a user performs swings
at a ball during a game. As designers
continue to find effective ways to use
advanced motion sensing, they may be
able to use nine- and 10-axis sensors,
adding three axes of magnetic sensing
and barometric/altitude readings. Such
devices include STMicroelectronics’
iNemo inertial modules.

The opportunities for hidden-inter-
face innovations are virtually endless;

rather than requiring the user to adapt
to the appliance.
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Oscilloscopes and ENOB

hen choosing an oscilloscope, banner

specs, such as bandwidth, sample rate,

and memory depth, provide a basis of

comparison, but these specifications

alone don’t adequately describe oscil-

loscope-measurement quality. Seasoned
scope users also compare a scope’s update rate, intrinsic jitter,
and noise floor, all of which enable better measurements. For
scopes with bandwidth in the gigahertz range, another qual-
ity metric involves characterizing a scope’s ADC using the
effective-number-of-bits metric. When selecting which scope
to use, how important is ENOB, and how effective is ENOB
at predicting a scope’s measurement accuracy?

Designing oscilloscope architectures for measurement
accuracy involves both front-end and ADC technology
blocks. A scope’s front end conditions a sampled signal so
that the ADC can properly digitize the signal. The front end
comprises an attenuator, a preamplifier, and path routing.

Engineers who design scopes spend significant effort
designing front ends that have flat frequency responses, low
noise, and desired frequency roll-offs. Due to unique require-
ments for ADC technology, each scope vendor designs its
own ADCs. Development of a new front end or a new ADC
requires significant investment. Therefore, manufacturers
typically use the resulting technology blocks across multiple
scope families and generations. Scope-design teams maximize
a scope’s accuracy when these technology blocks induce the
least change to the measurement of sampled signals.

Although users can characterize the combination of the
ADC and the front end, they cannot easily characterize
the individual technology blocks. There are many ways to
determine an oscilloscope’s front-end-measurement quality.
Oscilloscope vendors typically use noise measurements and
ENOB as useful characteristics for determining the quality
of a scope’s front end and ADC design. It is often beneficial
to consider the entire oscilloscope performance, instead of
evaluating just the ENOB or the noise floor in isolation.

Characterizing an oscilloscope’s noise floor at different
vertical settings and offsets provides an excellent criterion in
determining a scope’s measurement quality. These measure-
ments tell the user how effective the scope’s design team was
in designing a quiet front end and a quiet ADC converter.
Oscilloscope noise adds unwanted jitter and erodes design
margins. Typically, the higher the bandwidth of the oscil-
loscope, the more internal noise the oscilloscope produces.
The scopes accept cumulative noise from higher frequencies
that are rejected by the lower frequency roll-off of lower-
bandwidth scopes. A straightforward method of characteriz-
ing a scope’s noise is to disconnect all inputs and measure the
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In a sample ENOB plot for Agilent’s Infiniilum 9000A
series oscilloscopes, ENOB results vary by frequency, and each
scope model has a unique ENOB plot. The ENOB plot is for the
entire scope system and not just the scope’s 8-bit ADC.

rms-voltage readings while varying both vertical sensitivity
and offset.

The IEEE has defined a method for determining the qual-
ity of ADCs using ENOB. Today’s oscilloscopes typically use
pipelined or flash ADC architectures. Pipelined ADCs use
two or more steps of subranging to achieve a higher sample
rate. For instance, Agilent’s 90000A series oscilloscopes have
a 20G-sample/sec ADC, which combines 80 subranges of
256M samples/sec to achieve the high sample rate (Figure 1).

Interestingly, and contrary to common wisdom, some scopes
provide more accurate measurements when running at less
than the highest sample rate, due to additional interleaving
distortion that can occur at the highest sample rates and the
addition of high-frequency noise. Flash ADCs have a bank of
comparators that samples the input signal in parallel, each fir-
ing for its decoded voltage range. The comparator bank feeds a
logic circuit that generates a code for each voltage range. Each
ADC technology has inherent limitations; for example, flash
ADC:s are more prone to linearity errors, whereas pipelined
ADC:s typically have more interleaving error.

Scope vendors internally characterize stand-alone ADCs
and the overall ENOB of a scope system. The resulting sys-
tem ENOB is lower than the ENOB of a stand-alone ADC.
Because a scope’s ADC is part of an overall system, you can’t
use it independently. As a result, only ENOB results from the
overall system are useful.

Users generally use less than the full 8 bits of a scope’s
ADC. For example, to take advantage of the entire 8-bit
vertical range, users would have to scale waveforms to con-
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sume the entire vertical range. This situation makes reading
a signal more difficult, and the user runs the risk of driving
the ADC into saturation, which causes undesired effects.
For signals that scale to take 90% of the vertical range, the
user reduces the scope’s 8-bit converter to 7.2 bits (90%x8
bits). Front-end noise, harmonic distortion, and interleaving
distortion further reduce the effectiveness of the scope’s ADC.

MEASURING ENOB

ENOB is measured as a fixed-amplitude sine wave is swept
in frequency. You then capture and evaluate the resulting
voltage measurements. Using time-domain methods, you
calculate ENOB by subtracting the theoretical best-fit voltage
versus time from what was measured. The difference between
these two variables is noise, which can come from the front
end of the scope from attributes such as phase nonlineari-
ties and amplitude variations over frequency sweeps. Noise
can also come from interleaving distortion from ADCs.
Evaluating the same signal in the frequency domain, you
calculate ENOB by subtracting the power associated with
the primary tone from the entire broadband power. Both
techniques provide the same result.

If you are making or analyzing ENOB measurements,
remember that the spectral purity of the source you are using
will affect ENOB results. First, the source and the accompa-
nying filters should ensure that the source’s ENOB is larger
than the scope’s ENOB. Second, ENOB values depend on
the ratio of the source signal’s amplitude to the scope’s full-
screen amplitude. ENOB values differ, for example, for sources
using 75% versus 90% of the full screen. The JDEC standard
uses 90% of full screen as its recommended amplitude for
determining ENOB. Any comparisons of effective-bits speci-
fications or testing must take into account both test-signal
amplitudes and test-signal frequencies.

WHAT DOES ENOB DO?

ENOB testing can measure the quality of a scope’s ADC. A
scope with a high ENOB has minimal timing errors; minimal
frequency spurs, which interleaving distortion usually causes;

A

INPUT SIGNAL —— /|
SCOPE 1 DISPLAY—
SCOPE 2 DISPLAY —

VOLTS

>
>

TIME

Although ENOB provides one basis for scope evalua-
tion, ENOB computations don’t account for the effect of mag-
nitude or phase flatness. Both Scope 1 and Scope 2 have the
same ENOB, but Scope 2 has offset and phase-distortion errors
that limit its ability to correctly display the input signal.
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and low broadband noise. For appli-
cations relying primarily on sine
waves, ENOB provides an effective
criterion for scope selection.
Although ENOB is one meas-
urement of ADC and front-end
quality, it omits several attributes.
ENOB does not account for offset,
phase irregularities, or frequency-
response distortion. Figure 2
shows an input signal and a display
of this signal on two scopes. Both
scopes have the same ENOB, but
one scope displays a dramatically
more accurate representation of
the input signal. ENOB doesn’t
account for offset errors that the
scope may inject. Two scopes with
equal ENOB may show identical
waveshapes, which differences in
absolute voltage offset. Adjusting
offset and measuring noise or evalu-
ating dc-gain specifications would
provide a better evaluation metric.

A SCOPE WITH THE
HIGHER ENOB ISN'T
ALWAYS THE ONE
WITH THE MOST
ACCURATE REPRE-
SENTATION OF THE
INPUT SIGNAL.

If all scopes had a flat phase and
frequency response and identical
roll-off characteristics, it would
be easier to select the right scope.
This isn’t the case, however, and
you can’t usually find phase and
frequency-response plots in ven-
dors’ data sheets. ENOB also doesn’t
account for frequency-response flat-
ness or phase irregularities. Further,
every scope model has different fre-
quency response and phase irregu-
larities. For example, two 6-GHz
scope models produce different
waveshapes when looking at a 2.1-
GHz sine wave. One scope might
have a slower bandwidth roll-off
and minimal phase-correction algo-
rithms, and the other might have
a frequency response that peaks
above 6 GHz before rolling off and a
significant number of algorithms for
phase correction. The scope with
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the higher ENOB isn’t necessarily the scope that will show
the most accurate representation of the input signal.

INCREASING ENOB

To increase ENOB, it is a good idea to purchase an oscil-
loscope with higher ENOB to begin with. Scope vendors
sometimes provide overall ENOB values for each scope
model. Most high-end oscilloscopes come with user-select-
able bandwidth-limiting filters. Turning on a filter limits
the bandwidth of the oscilloscope,

in the electronics industry. He was instrumental in the creation
of three start-up businesses within Agilent and holds a patent in
FPGA debugging.

Brig Asay is product manager for high-performance oscil-
loscopes in the digital-test division for scopes in the Electron-
ic Measurements Group at Agilent Technologies. He man-
ages product planning and strategic marketing for Agi-
lent’s high-performance-oscilloscope business.

in turn limiting the high-frequency
content, including the interleaving
errors and noise, which yield a high-
er ENOB. Oscilloscopes can also
use averaging or high-resolution
mode for repetitive signals to reduce
broadband noise. Using these modes
can be an effective tool for greater
measurement accuracy.

Whether ENOB will affect your
measurement’s outcome depends
greatly on what you are trying to
measure. You should view ENOB
plots side by side with noise-floor
measurements. High-speed serial
data has harmonics at specific fre-
quencies, which may pass through
the measurement system with no
effect from a decrease in effective
bits. For these frequencies, the
scope’s noise floor may be a better
indicator of measurement accura-
cy. Some signals, such as those in
defense applications, are primarily
fundamental sine waves. For these
applications, ENOB may be an
excellent criterion. Ask your scope
vendor for the ENOB plot of the
scope model you are considering
using. It is important that you know
the effective-bits performance of the
instrument you choose to measure
with across the full rated bandwidth
of the instrument because ENOB
varies with frequency.

This article originally appeared on
EDN’s sister site, Test & Measurement
Designline, http://bit.ly/ws4QKK.

Joel Woodward is senior product man-
ager for oscilloscopes in the digital-test
division of the Electronic Measure-
ments Group at Agilent Technologies.

During his 21 years with the compa- g
ny, Woodward has focused on bring-
ing innovative system-verification and
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Condenser microphone uses
dc-coupled impedance converter

Dimitri Danyuk, Miami, FL

N The diaphragm of a condenser

microphone is the movable plate
of a capacitor. With a polarized capaci-
tor, the vibration of the diaphragm in
relation to the back plate produces an
ac audio-output voltage. The condens-
er capsule has a capacitance of 10 to 60
pF; thus, you should connect it to an
impedance converter with extremely
high input impedance for a flat fre-
quency response.

The conventional impedance con-

verter is a JFET source follower with
an additional amplifying and power-
decoupling circuit. You supply power
to the impedance-converter circuitry
using the same microphone-cable
conductors that carry the audio sig-
nal. The balanced audio pair at the
XLR connector’s pins 2 and 3 both
carry the same positive dc voltage,
or phantom power, relative to Pin 1’s
ground. The amplifying/decoupling
circuit contains an audio transformer
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or a couple of capacitors to separate
the dc power from the audio signal.
High-value dc-blocking capacitors
can generate measurable and audible
distortion (Reference 1). Microphone
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Figure 1 A feedback loop balances the dc voltage on the paired cable conductors, which power high- to low-impedance

converter Q..
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circuits rarely use the highest-quality
capacitors because of space limitations.
You can design the impedance con-
verter without dc-blocking capacitors.

Figure 1 shows the self-balanced
impedance converter. The self-polar-
ized electret condenser-microphone
capsule, X, connects to the high-
impedance gate of JFET Q,. Q,, an
ac-current source, loads source follower
Q,- Q,, thanks to C,, has high imped-
ance but allows a fixed dc voltage on
the Q, source.

The circuit sources phantom power

at 48V dc through R, and R, at
the mixing-console end of the micro-
phone cable. Q,’s emitter drives—and
R,,;, loads—emitter follower Q,. The

signal from Q.’s emitter bootstraps the

1ABLE T PERFORMANCE PARAMETERS

Mixing-console input

Peak input clipping

Input voltage at -80-dB

impedance R, (kQ) voltage (V) (0.01%) distortion
1.2 3.1 140 mV rms
2.4 5.8 750 mV rms
10 13.6 3.1V rms

drain of Q,, reducing the ac voltage
across the gate-to-drain capacitance
and resulting in lower input capaci-
tance at the gate of Q,. R, supplies
current for shunt-regulator-voltage
sources D, and Q,. R, and C, attenu-
ate zener-diode noise. Integrator IC,
compares the dc voltages on the XLR
connector’s pins 2 and 3 and, through
Q, and Q,, maintains a difference

10,000
— 2SK596
-\-H"-\,\ —  2SK660
1000 R N N
\ — 25K2219
VOLTAGE
NOISE
("VAHz) — TF202C
100 \\'\
=
10
10 100 1000 10,000 100,000
FREQUENCY (Hz)

Figure 2 The voltage-noise density versus frequency for the circuit of Figure 1 varies
with different types of input JFET Q,. The source impedance of X, is 10 pF.

Simple sawtooth generator operates

at high frequency

Luca Bruno, IS Hensemberger Monza, Lissone, Italy

N Pulse-width-modulation signal-

generator circuits often use an
analog sawtooth-oscillator function, but
it also can be useful in other applica-
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tions. The inexpensive sawtooth gen-
erator in Figure 1 suits use in low-pow-
er applications operating at frequencies

as high as 10 MHz and beyond and

1ABLE © PERFORMANCE
PARAMETERS FOR JFETs

A-weighted noise
Q, part voltage (UV rms)
2SK596 4
28K660 3.6
2SK2219 4.1
TF202C 4.6

equal to the op amp’s input offset volt-
age. Thus, if the microphone input
at the mixer console is transformer-
coupled, both ends of its winding are
at the same voltage. No dc will flow
through the winding and saturate the
core. IC, should have a common-
mode-input-voltage range equal to
that of the positive-supply rail. You
can accomplish this task using, for
example, an op amp with a P-channel
JFET input stage. Tables 1 and 2 and
Figure 2 show typical performance
parameters for the impedance con-
verter in Figure 1.Epn
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those in which ramp linearity and fre-
quency accuracy are not prominent
concerns.

The circuit employs a single Schmitt-
trigger inverter, which acts as a modified
astable multivibrator. The output wave-
form is the voltage across timing capaci-
tor C_, which ramps between the lower
and the upper threshold voltages of the
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Figure 1 You can use the C, ramp’s charge and fast dis-
charge to produce a sawtooth. The upper and lower trip-
point voltages of the Schmitt trigger limit the sawtooth.

See text for the values of V., C, and R..

TO IMPROVE
FREQUENCY ACCU-
RACY, USE A FAST
LOGIC FAMILY WITH
LOW PROPAGATION
DELAY AND HIGH
OUTPUT CURRENT.

inverter. Charging the R, C_ network at
constant voltage causes the ramp, so its
response is exponential, approximately
linear only for the initial part of the
exponential rise.

A simple trick to improve ramp lin-
earity is to charge the R .C_ network
with a higher-voltage source. Capacitor
C,, which has a value that is at least
10 times greater than that of C,, acts
as a charge pump. When the gate out-
put is low during the falling edge of the
sawtooth, capacitor C, quickly charges
through diode D, to V. minus the for-
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the gate’s high output
voltage. D, becomes
reverse-biased, and
the R,C, network
begins to charge to
the voltage on C,,
along with the gate’s
high output voltage.
When C. reaches
the Schmitt trigger’s
upper trip point, V. +,
the gate’s output
returns low, and the
cycle repeats.

Ramp linearity is
proportional to the
sum of the V. and V supply volt-
ages. Because V|, is fixed at 5V, you
can improve ramp linearity if V. can
assume a value higher than that of the
inverter. You can estimate the ramp’s
nonlinearity error using the following
equation:

E °/=(MI‘MF>100,
NL 70 MI

where E | % is the percentage of non-
linearity error, M, is the initial slope of
the ramp, and M is the final slope of
the ramp, and

R
ENL%=< V1-V1 _)100,
Vee+Vpp-VE-VT

where V_ is the forward-voltage drop
across D.

The R,C, time constant sets the
frequency, F, of the sawtooth signal.
You can estimate the frequency by
applying a simple model to the circuit,
which neglects the discharge time of

C, and any discharge of C,, yielding

the following equation:

B
Forgr,cr

where K is a constant, which the follow-
ing equation defines:

K=1n<VCC+VDD‘VF—Vf>,
Vee+Vpp-VE-VT

By simulating the circuit with C =100
pFand R =2.2 kQ, which agree with the
values that the equations theoretically
calculated, you can obtain ramp-non-
linearity errors of 28% with both V.
and V, equal to 5V, 18% with V. of
10V and V, of 5V, and 14% with V.
of 15V and V, of 5V.

The breadboarded circuit has
V=Yoo=V, C.=100 pE and R =2.2
kQ. IC, is a standard dual-in-line, eight-
pin 74HC14, which has a maximum
propagation delay of 15 nsec versus 4.4
nsec for the SN74LVC1G14 inverter
with a V_ of 5V. The frequency is
approximately 12.7 MHz.

C, should be a low-leakage film
capacitor, and its value should be kept
low to reduce its charging and discharg-
ing of a large amount of energy. Select
C, with a large enough value compared
with the gate’s input capacitance and
unwanted stray capacitances so that
they do not introduce a significant
error. Select R, with a small enough
value that the load impedance, gate
input, and stray capacitances do not
introduce significant error. You can use
any CMOS Schmitt-trigger inverter to
test the circuit. To improve frequency
accuracy, however, you should use a fast
logic family with low propagation delay
and high output current, such as the
single-gate SN74LVC1G14 from Texas
Instruments.

You should measure the threshold
trigger voltages, especially V_—, direct-
ly from the circuit under test before
using the preceding equations. Quickly
discharging C_ to ground through a
finite-propagation-delay inverter
causes the lower limit of the ramp to
reset below the lower threshold, V. —.
You can compensate for the resulting
error if you use the measured value
of V.=, which takes this effect into
account.

[www.edn.com]
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Dual regulator handles

two input voltages

David L Dinsmore, Linear Technology Corp, Dallas, TX

N The circuit in Fig 1 supplies both

3.3 and 5V to transitional circuits
that employ both the new 3.3V and older
5V devices. Additionally, because the
regulator accepts either 3.3 or 5V inputs,
you could plug it into either a new 3.3V
system or an old 5V system.

The circuit consists of two sections:
a dc/dc converter and a double-pole,
double-throw (dpdt) switch. The dpdt
switch comprises a pair of dual n-channel
MOSFETs (Q, and Q,) and their associ-
ated high-side drivers.

Upon power-up, the comparator in
IC, determines the state of the circuit.
The comparator’s output, IC, pin 6, goes
to the input of the MOSFET driver, IC,.
The driver internally generates a gate-
drive voltage 8.8V above the device’s

supply voltage. This high voltage drives
the appropriate MOSFETs in Q, and Q..

IC, is also the heart of a flying-capac-
itor, buck/boost dc/dc converter. Unlike
other switching-regulator schemes,
this topology needs no transformers.
Transistor Q, controls this section’s out-
put voltage, V.. When V is at 5V, Q,
is off, forcing the section to operate as a
step-down converter. In this mode, the
section produces 3.3V, which goes to the
output through Q... Also in this mode,
5V power goes directly through Q, ,, and
Q,, and Q,, are both off.

When V  is 3.3V, IC, turns on Q,,
shorting out the 140-kQ resistor and forc-
ing the dc/dc-converter section into step-
up mode. In this mode the converter sec-
tion generates 5V at V, powering the 5V

2A?

WANT TO
SEE MORE
OF THE
CLASSICS?

Revisit 50 of the

best Design Ideas
from the Golden
Age of electrical
engineering.

http://bit.ly/DesignldeasClassics

output via Q... Also in this mode, 3.3V
goes directly from the circuit’s input to the
output via Q,,. Q,, and Q,; are both off.

No-load quiescent current consump-
tion is approximately 500 pA. Lower-
frequency converters would reduce power
consumption at the expense of a larger
inductor. The efficiency of the dc/dc-
converter section is 73% in either mode.
But because this power accounts for only
half of the circuit’s output power, the
circuit’s overall efficiency is approximate-
ly 80% with V, =3.3V and 86% with
V, =V

Viy O
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Figure 1 During the transition from 5V components to 3.3V components, dual-output regulators such as this one will let engi-
neers design surface-mount pc boards bearing both 3.3 and 5V devices. Further, this novel regulator will accept either 3.3 or

5V input power.
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Clamping down on counterfeits

Dresident Barack Obama
late last year signed elec-

tronics anticounterfeiting
provisions into the 2012 NDAA
(National Defense Authoriza-
tion Act). These provisions
could reverberate across the
electronics supply chain—
from defense contractors to
commercial OEMs and com-
ponent suppliers. “Compa-
nies are still assessing what
[these provisions] mean, but
the scope and scale of appli-
cation is extremely broad,”
says Trey Hodgkins, senior vice
president for national secu-
rity and procurement policy at
TechAmerica.

Reports of counterfeits have
quadrupled in recent years, ris-
ing from 324 in 2009 to 1363
in 2011, according to consult-
ing company IHS. IHS drew

gate the growing problem,” says
Rory King, director of supply-
chain-product marketing at IHS.

The anticounterfeiting meas-
ure directs the Secretary of
Defense to “implement a pro-
gram to enhance contractor
detection and avoidance of
counterfeit electronic parts.”
The law makes defense con-
tractors responsible not only for
detecting and avoiding the use
of counterfeit parts but also for
the cost of any required rework
if it is discovered that their
products have used counterfeit
parts. Previously, companies
negotiated such mitigation costs
on a case-by-case basis, says
Hodgkins.

Elements of the Department
of Defense program, details of
which are due later this year,
are to include inspection and

v A new fechnology uses plant
DNA fo authenticate goods in
a range of industries.

the data from ERAI Inc, an
information-services company
that reports on the global elec-
tronics supply chain, and the
GIDEP (Government-Industry
Data Exchange Program), which
shares information on the life
cycles of systems and equip-
ment. US-based military- and
aerospace-electronics compa-
nies reported most of the coun-
terfeiting incidents. However, the
parts themselves could affect
electronics products world-
wide. “Most companies lack
the awareness and the capabil-
ity to effectively detect and miti-
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testing of electronic parts, pro-
cesses to abolish counterfeit-
part proliferation, mechanisms
to enable traceability of parts,
methods of identifying counter-
feit parts, and “the flow down
of counterfeit avoidance and
detection requirements to sub-
contractors,” according to the
law. That last provision, in which
liability will pass back through
the electronics supply chain, is
one of TechAmerica’s main con-
cerns. The growing problem of
counterfeit parts in the military
and aerospace industry came
to the forefront in November,

AN

,(.,

/
fa .
when the Senate Armed Ser-
vices Committee held hearings
on the topic. But the hearings
focused on defense contrac-
tors and specialty distributors
rather than commercial-compo-
nent makers, resellers, or OEMs,
says Hodgkins. The commercial
segment is only now “awaken-
ing to the fact that, if [it is] going
to sell its product to someone
who might use it in a DOD end
item ... even if it's a commodity
[purchase], then [the commer-
cial vendor] would have to ...

assume liability,” he adds.
When a part fails in a com-
mercial system, manufacturers
rely on the warranty model. They
simply replace the defective part.
“I| suspect [that] the counterfeit
issue is just as prevalent in the
consumer-electronics world; it's
just that nobody reports [those
parts failures],” says King. The
new law opens the possibility
that such parts failures would
require a major investigation by
the manufacturer, says Hodg-
kins. For example, if a failure in
a DOD-owned Dell laptop were
due to a faulty, possibly coun-
terfeit part, Dell might have to

determine whether the compo-
nent was counterfeit and what
other products used the part.

The law will affect the gray
market, as well. The military
relies on the open market to
source replacements for obso-
lete parts that the original man-
ufacturer no longer makes. An
investigation by the Senate
Armed Services Committee
documents how counterfeits
can make their way through the
open market and into military
systems. In China, for example,
manufacturers harvest commer-
cial electronic components from
PCBs in e-waste, remove their
markings, and replace those
markings with fake markings.
They then resell them —some-
times as military-grade parts—
into the open market.

The new law requires the
government to buy parts either
directly from the manufacturer,
the manufacturer’s authorized
distributors, or trusted suppliers.
To be trusted suppliers, vendors
would have to meet certain cri-
teria and would be held liable if
they sell a counterfeit part to the
government.

The DOD is investigating
new ways of detecting coun-
terfeits, including a technology
from Applied DNA Sciences
that uses plant DNA to authen-
ticate goods. According to the
Defense Logistics Agency, which
runs a pilot program, an Altera
production plant has manufac-
tured and marked chips with
botanical DNA and then moved
them to an independent distribu-
tor without interrupting the sup-
ply-chain process. For more, go
to http://bit.ly/x9PYpk.

—by Tam Harbert
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AMPLIFIERS AND OSCILLATORS

o Intersil 40V 1SL28407,
408, and 417 provide
low bias-current drift

The 40V ISL28407, ISL28408,

and ISL28417 quad precision
amplifiers feature bias-current drift 30%
lower than competitive products, accord-
ing to the vendor. The ISL28407 operates
from 4.5 to 40V with a bias-current drift
of 0.3 pA/°C over =40 to +85°C.
Maximum offset voltage is 90 pV, and
offset drift is 0.8 uV/°C. Maximum power
is 290 pA per channel, bandwidth is 1
MHz, and noise is 13 nV/VHz at 1 kHz.
The ISL28408 features 250 pA maximum
power per channel. [t supports input sig-
nals as low as 0.5V below the negative
supply rail. Noise is 15.8 nV/VHz at 1
kHz. The device operates from one 3 to

STMicro TDA7498E Class D audio amp touts 40V supply or a dual +1.5 t0+20V sup-
3.2W/mm? power density ply. The ISL28417, targeting

use in front ends,
The TDA7498E Class D audio amplifier offers flexible audio-system con- DAC buffering,
figuration in both stereophonic and monophonic modes and includes a  precision voltage
monophonic parallel feature for driving subwoofer/woofer channels in 2.1-chan-  regulation, and low-
nel setups. The device has a 100-dB SNR and provides selectable, fixed-gain  noise instrumentation,
settings of 23.8, 29.8, 33.3, and 35.8 dB. The device has 160W total output power  consumes 530 pA maxi-
on each channel in an area of 100 mm?. It also features pop/click noise suppres- mum per channel, with noise of 250 nV
sion, standby and mute, and balanced input for TDMA noise rejection. Smart  p-p and 8 nV/VHz at 1 kHz. Maximum
current protection recognizes when the speaker requires a peak of current for a  offset voltage is 70 nV, and offset drift is
specific frequency range and automatically prevents any interruptions in the 0.75 pV/°C. The devices feature more
sound flow. Price is $6 (1000). than 4-kV ESD-input protection and an
STMicroelectronics, www.st.com operating temperature range of —40 to

-

The World’s smallest Real Time Clock Module =
RV-4162-C7

Size: 3.2 x 1.5 x 0.8mm, Accuracy: +/-20ppm @ 25°C

Operating Temp. Range: -40 to +85°C, I2C Interface

“’ q Micro Crystal AG
—_— Muehlestrasse 14 CH-2540 Grenchen Switzerland .
AWEBN—— ] Phones Intemational +41 32 655 82 82 US: +1 847 818 98 25 e

¢ - e € O
MICRO CRYSTAL SWITZERLAND Sales@microcrystal.com www.microcrystal.com A COMPANY OF THE SWATCH GROUP
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product

+125°C. They come in 14-lead SOIC
packages and 14-lead TSSOPs. Prices for
the ISL28407, ISL28408, and ISL28417
start at $2.75, $2.95, and $2.70 (1000),
respectively.

Intersil Corp, www.intersil.com

Microchip MCP6N11
amplifier offers on-chip
calibration

N The MCP6N11 instrumentation

amplifier features the ven-
dor’s mCal technology, an on-chip
calibration circuit that enables
low initial offset voltage
and a means of control-
ling offset drift. The
device has a gain-
bandwidth product of
500 kHz and features

a hardware-shutdown

pin. Its 1.8V operation allows two 1.5V
batteries to be drained beyond typical
use. The device targets use in the con-
sumer, industrial, and medical markets,
such as in signal and sensor conditioning
and instrumentation. Two user-supplied
external resistors set gain of 1, 2, 5, 10,
or 100V/V. At a gain of 100, CMRR is
typically 100 dB and can be as high as
115 dB, and PSRR is 112 dB at a gain of
100. Supply current is typically 800 pA,
and the device operates from a 1.8 to
5.5V supply. It operates over a —40 to
+125°C range. The MCPO6NI11
comes in an eight-pin
SOIC package and an
eight-pin, 2X3-mm
TDEN package and sells
for $1 (10,000). A
Wheatstone-bridge refer-
ence design sells for $34.99.
Microchip Technology,
www.microchip.com

FOX922-GP oscillators
target GPS applications

The FOX922-

GP series of
oscillators is available
in six supply voltages
from 1.8 to 3.3V. The
ROHS-compliant
SMD oscillators offer
stability as high as #0.5 ppm across an
operating temperature range of —30 to
+85°C and have gold termination fin-
ishes for portable systems requiring pre-
cision timing. Standard frequencies for
the TCXO oscillators range from
16.367667 to 38.4 MHz, with 10 variet-
ies available. Minimum peak-to-peak
voltage is 0.8V, phase noise at 16.369
MH:z with 10-kHz offset is typically
—147 dBc¢/Hz, and output load is (10
kQ//10 pF)£10%. Frequency stability
over the supply-voltage change and

e Lower cost than you're paying now (much lower...call for a quote!)

Faster delivery (samples shipped from Fox the next day; production

quantities in days, not weeks!)

1 picosecond phase jitter (10X better than programmables!)
e Choice of 2.5 V or 3.3 V supply voltages

e Custom frequencies from 0.75MHz to 1.350GHz (the exact
frequency you need, without a premium and without delay)

® 7x5mm, 5x 3.2 mm and 3.2 x 2.5 mm package sizes
e Choice of XOs and VCXOs

e Internal serial ID with comprehensive traceability

e And a lot more!l!

Like we said...XpressO changes everything. Details await
you on our web site! Once again...Fox Rocks!

F%X Electronics

We're On Your Frequency.

888-GET-2-FOX (888.438.2369)
Outside the US: +1.239.693.0099
e-mail: foxonline.com/email.htm

www.foxonline.com
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over the load change is 0.2 ppm.
Moisture-sensitivity level is one, and
storage temperature range is —40 to
+85°C. Reflow-soldering temperature is
260°C/10 sec. The 16.368-MHz 922-
GP oscillator sells for $1.21 (15,000).

Fox Electronics, www.foxonline.com

Diodes Inc offers
replacements for 555
timer ICs

The NE555, SA555, and NA555
555 timer ICs are drop-in
replacements for the industry-standard
parts. The devices support a range of

40 [ ovearisea oo
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Analog Devices 15
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Avnet 49
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operating temperatures to cover the
commercial and industrial require-
ments, operating at 0 to 70, —40 to +85,
and —40 to +105°C, respectively. The
devices feature a maximum supply
voltage of 18V, an input voltage of 18V,
and an output current of 2225 mA.
Package thermal-resistance junction-
to-ambient and junction-to-case tem-
peratures are 130 and 15°C/W, respec-
tively. The devices sell for 7.5 cents
(50,000).

Diodes Inc, www.diodes.com

TI INA149 differential
amplifier features
100-dB CMRR

The INA149 differential amp

has a minimum CMRR of more
than 90 dB throughout the industrial
temperature range of —40 to +125°C.
Extended input-common-mode volt-
age of =275 to +275V ensures accurate
monitoring of signals in high-com-
mon-mode voltages, eliminating the

Difference
Amplifier

INA149

13 TEXAS
INSTRUMENTS

need for multiple supply sources and
analog-isolation components to inter-
face to an ADC. Signal bandwidth is
500 kHz, and maximum initial gain
error is 0.02%. According to the ven-
dor, the INA149 has twice the slew
rate and full-power bandwidth of its
closest competitor for applications
that require the monitoring and quick
correction of abrupt changes, such as
short-circuit conditions. The device
comes in a 4.9x6-mm SOIC package
and sells for $2.70 (1000). The $49
INA149EVM evaluation module is
also available.

Texas Instruments, www.ti.com
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TALES FROM THE CUBE

Murphy’s Law applies—

even under

ne of the most ambitious projects I ever worked
on was the inspection of a hydroelectric feed tun-
nel through the Andes in Peru. The principal tool
was a specially designed ROV (remotely operated
vehicle), which swam through the tunnel, tak-
ing measurements. All ROVs function in much

the same way. They connect using an electrical umbilical cable,
which carries power and control signals from the surface. There,
the umbilical cable connects to the control console at which the
operator has joysticks to drive the vehicle and a video monitor
to see the image it sends back. ROVs often carry more than one
videocamera and a selection of other accessories, including a depth
gauge, a compass, lights, and sonars. Most have an umbilical con-
nector a few hundred, or thousand, feet long. Because of the tunnel

length, this one was an exceptional 10 km long.

Because of a drop-dead development
deadline, we arrived in Peru before the
final testing of the manipulator. It had
performed fine over a test cable, and we
didn’t anticipate any problems. A clas-
sic Murphy’s Law scenario ensued. I now
know better: Get Murphy underwater,
and he goes on steroids.

The only difference, we thought,
between the test cable and the umbilical
connection was that the umbilical cable

carried the serial link over an optic fiber.
The main ROV control used an identi-
cal link, which performed flawlessly dur-
ing trials. However, when we tried the
RS-232-link-controlled manipulator, it
refused to work. I could see the RS-232
signals as they left the optical converter
in the ROV, but the arm didn’t respond.
Looking at the manipulator electronics,
I found that the TTL output from the
RS-232 level shifter didn’t move from

ground. Clearly, the level-shifter chip
was faulty, so I replaced it—but with the
same results. The output seemed nailed
to ground. I checked for a short in the
PCB, but the trace was fine.

In desperation, I shut the system
down so I could watch it come to life.
found a curious phenomenon. As I sent
the first commands to the manipulator, I
could see a few good pulses on the “bad”
pin, but then saw nothing. This situa-
tion suggested another explanation. You
can set most microcontroller I/O pins as
input or output. Suppose that the micro-
controller had been changing the pin in
question to output mode and setting it
low? In that case, it would explain what
we were seeing. When two TTL signals
argue, the low side always wins.

[ was on top of a mountain in Peru,
with a shaky telephone link and a sig-
nificant time difference, but I called
the Scottish company that had manu-
factured the manipulator and managed
to speak to one of the engineers familiar
with the code. I asked whether he could
provide a small software patch that
would force the bad pin to input mode
on every program cycle, about 10 times
a second. He called back with a single
line of code for us. Fortunately, I had an
EPROM eraser and a programmer with
me and was able to insert the code.

On testing, we at last saw some activ-
ity from the arm. Again, I spoke to the
engineer in Scotland, asking for a more
comprehensive code revision. He came
back with a version he said should fix the
problem. It was four pages of hex code
that we would somehow have to get into
the programmer. Scotland faxed it to
our office in Lima, where someone read
it to us over the phone. I took the four
pages of handwritten hex characters and
carefully entered them into the EPROM
programmer.

We put the EPROM back into the
manipulator, and the system powered
up. With all of us holding our breaths,
I pushed the manipulator joystick, and
the arm worked!Epn

This Tale is a runner-up in EDN’s Tales from the
Cube: Tell Us Your Tale contest, sponsored by
Tektronix. Read the other finalists’ entries at http:/
bit.ly/Talesfinal_EDN.
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Whether you need the fastest real-time oscilloscope on
earth with the highest measurement accuracy anywhere,
8 T0Mpts memory std. (optional to 1 Gpt) ' _somethirllg a little more basic, from 20 MHz to 90 GHz
B R e mpliance and Agilent oscilloscopes outperform in every category. That's
analysis options why discerning engineers have made Agilent the fastest
growing oscilloscope company in the world since 1997. Like
you, we're working on what’s next.

.20 GSa/s sample rate

That's thinking ahead. That's Agilent.

Scan code or visit
http://goo.gl/NR3Xm for
9000 Series demo video

© 2011 Agilent Technologies, Inc. u.s. 1-800-829-4444 canada 1-877-894-4414




_ Precision Voltage
Reference

Announcing the Industry’s Lowest Noise, Complete Voltage Reference Family

A lot of noise is made about precision voltage references. At Linear Technology, we're taking the quiet approach—introducing
the LTC®6655 precision reference, with less than 0.25ppm of low frequency noise. And if that is not enough, the LTC6655
exhibits less than 2ppm/°C of drift and an initial accuracy within +0.025%. Such rock solid, pure DC performance ensures
that the LTC6655 will be the new standard for high performance instrumentation and test equipment.

Temperature Drift V Info & Free Samples

e Low Noise: 0.25ppmyp._p (0.1Hz to 10Hz) 25010 : www.linear.com/6655
« £0.025% Accuracy, 2ppm/°C Drift 25 PR 1.800-4-LINEAR
¢ Fully Specified from -40°C to 125°C, & 25010
100% Tested at —40°C, 25°C and 125°C

* Sinks and Sources Current: +5mA -
e Vg: 500mV Dropout to 13.2V 2407
¢ Load Regulation: 3ppm/mA Y 0 50 w125
¢ Low Power Shutdown: <20pA Temperature (°C)

e 1.25V, 2.048V, 2.5V, 3V, 3.3V,
AT, LTC, LT, LTM and uModule are registered trademarks of

4.096V, 5V
Linear Technology Corporation. All other trademarks are the

b4 8“Lead MSOP Package property of their respective owners.

LY HNER

2.5000

Output Voltage (V)

www.linear.com/an124
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