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Power-integrity
simulation keeps
your planes perfect

LS

Simulate the power-dis-
tribution network in your
PCB to eliminate thermal
and voltage problems.
by Paul Rako,
Technical Editor

Tracking PLL design
through the decades

loop is vital to today’s IC
design.
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Peak-power analyzer boasts Tool now supports
accuracy, fast rise and fall times optimized Spice engine,

12-bit scopes take

multicore processors

2G samples/sec, provide Current driver targets
extensive waveform analysis LED strings in streetlights
Physical phenomenon could CST adds HPC,

lead to clock-speed increases eigenmode-solver support

RESET

IDEAS

Compensate for four-wire sensor errors
LED-current limiter accepts ac or dc

\oltage inverter employs PWM

Form positive pulses from negative pulses

con

The venerable phase-locked

by Jeff Galloway and
Andrew Cole, Silicon Creations
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Gone but not forgotten:

analog guru Jim Williams

EDN’s Paul Rako, industry
EEs, and other co-workers and
friends reflect on the life and work of
Jim Williams, an engineer’s engineer
and analog expert, who died unexpect-
edly on June 12, 2011, after a stroke.
by Paul Rako, Technical Editor

Simplifying
multichemistry-battery
chargers

Portable electronic devices,
whether personal electronics,
remote scientific instrumentation, or
simple garage flashlights, all have one
thing in common: batteries. You can
apply a flexible battery-charging system
to a range of voltages, battery chemis-
tries, and battery-charge profiles.
by Archana Yarlagadda,
Cypress Semiconductor

COVER: MASTERFILE

Send your Design Ideas to edndesignideas@ubm.com.
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Explore the
EM simulation universe

Crosstalk analysis www.cst.com/pcb

—> Get  equipped  with
EM technology. CST’s
to characterize,

leading  edge

tools enable you

design and optimize
electromagnetic devices all before going into
the lab or measurement chamber. This can
help save substantial costs especially for new
or cutting edge products, and also reduce
design risk and improve overall performance

and profitability.

Involved in signal or power integrity analysis?
You can read about how CST technology
was used to simulate and optimize a
digital PCB’s
www.cst.com/pcb. If you're more interested

multilayer performance at
in EMC/EMI or microwave components, we’ve
a wide range of worked application examples
live on our website at www.cst.com/apps.

Now even more choice for SI/PI simulation.
The extensive range of tools integrated in CST
STUDIO SUITE enables numerous applications
to be analyzed without leaving the familiar CST
design environment. This complete technology
approach enables unprecedented simulation
reliability and additional security through cross
verification.

—> Grab the latest in simulation technology.
Choose the accuracy and speed offered by CST
STUDIO SUITE.

CST

CHANGING THE STANDARDS

CST of America®, Inc. | To request literature (508) 665 4400 | www.cst.com
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FOLLOW THE MONEY

Check out this Web-exclusive article:

Improved stability of thin-film resistors
Circuit designers often use the time-de-
pendent form of the Arrhenius equation to
predict drift in thin-film resistors. Relying on
this equation, designers can model resistive-
value changes due to aging for any relevant
condition in the temperature-time expanse
during the resistor’s application. In recent
years, engineers have used this model in the
development of new thin-film resistive layers.
www.edn.com/110714toca
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READ ANY GOOD
DESIGN IDEAS LATELY?

EDN'’s Design Ideas, contributed by prac-
ticing electronics engineers, deliver practi-
cal, innovative circuit designs in a concise
format complete with circuit schematic
diagrams, application details, and even
software code.
—~www.edn.com/designideas

EDN® (ISSN# 0012-7515) is published semimonthly by UBM Electronics, 600 Community Drive, Manhasset, NY 11030-3825. Periodicals
postage paid at Manhasset, NY, and at additional mailing offices. SUBSCRIPTIONS —Free to qualified subscribers as defined on the subscrip-
tion card. Rates for nonqualified subscriptions, including all issues: US, $150 one year; $250 two years; $300 three years. Except for special
issues where price changes are indicated, single copies are available for $10 US and $15 foreign. For telephone inquiries regarding subscrip-
tions, call 847-559-7597. E-mail: edn@omeda.com. CHANGE OF ADDRESS —Notices should be sent promptly to PO Box 47461, Plymouth,
MN 55447. Please provide old mailing label as well as new address. Allow two months for change. NOTICE—Every precaution is taken to
ensure accuracy of content; however, the publishers cannot accept responsibility for the correctness of the information supplied or advertised
or for any opinion expressed herein. POSTMASTER—Send address changes to EDN, PO Box 47461, Plymouth, MN 55447. CANADA POST:
Publications Mail Agreement 40612608. Return undeliverable Canadian addresses to BleuChip International, PO Box 255642, London, ON N6C
6B2. Copyright 2011 by United Business Media. All rights reserved. Reproduction in whole or part without written permission is prohibited.
Volume 56, Number 13 (Printed in USA).

Benchmark
MOSFETs

40V — 250 V MOSFETs
in High Current
PQFN Package

R
Part Number paton)
@10V

IRFH5004TRPBF | 40V | 100A | 26mQ | 73nC

IRFH5006TRPBF | 60V | 100A | 41mQ | 67nC

IRFH5007TRPBF | 75V | 100A | 5.9mQ | 65nC

IRFH5010TRPBF | 100V | 100A | 9.0mQ | 65nC

IRFH5015TRPBF | 150V | 56A | 31mQ | 33nC

IRFH5020TRPBF | 200V | 41A | 59mQ | 36nC

IRFH5025TRPBF | 250V | 32A | 100mQ | 37nC

Logic Level Gate Drive also Available

Features
e Low thermal resistance to PCB

e High Current Package —
up to 100A continuous

e |ndustry-standard pinout

International
Rectifier

THE POWER MANAGEMENT LEADER




EDN.COMMENT

The spirit in design

bout 21 years ago, I'd never even heard of Jim Williams or
Bob Pease: I was too busy either looking for work or hav-
ing a bit more extracurricular fun than [ truly deserved.
A vyear later, and 10 months into the trade-publishing
business, I knew enough about both of them to handle
with kid gloves the two books I got in the mail to review:
Analog Circuit Design, edited by Jim Williams, and Troubleshooting Analog
Circuits, by Robert A Pease, both the culmination of series that EDN had

already published.

Even after only a few months in “the
biz,” I knew that these two guys were
something special, and here, right in
my hands, was the physical embodiment
of a tiny portion of what they knew or
how they thought. I was going to read
their books, from cover to cover ... after
I got my next story out. So, I took them
home, put them on my shelf, and got
back to work.

Fast-forward 20 years—and many
stories later—and those two books were
still sitting side by side on a shelf, except
the shelf had changed—from an apart-
ment in New York, to an apartment in
New Jersey, to a house in New York, and
to another house in New York. Besides
the shelf, the addition of a wife, two
kids, a dog, and a couple of gray hairs,
nothing much else had changed: I still
was going to read those books, and I was
someday going to meet Williams and
Pease face to face.

But then, on June 12, everything
changed. Williams died of a stroke, and,
a bit more than a week later, Pease died
at the wheel of his beloved Volkswagen
Beetle while leaving a remembrance party
for his friend Jim. Although I can’t com-
pare what I am feeling to the incredible
loss their families and friends feel, shock
and sadness still pervade. The bittersweet
outpouring of grief and remembrances
online across our sites amplifies those

8 EDN | JULY 14, 2011

feelings (see www.edn.com/110714df2a
and www.edn.com/110714df2c).

So here I am, wondering how to
say goodbye to two heroes I've never
met, meanwhile asking myself how they
became so great and who or what will
fill the gap they’ve left behind? I finally
reached for those two books, and the
answers to the questions became quickly
apparent.

Lacking a formal education, Williams
relied upon his own indomitable
spirit, curiosity, and love of
analog to rise to the top of his
profession. Beyond all the for-
mulas, diagrams, laws, and gen-
eral chaos that is analog design,
though, what is it that makes a
designer great?

Williams himself gave some
pointers: “The single greatest asset a
designer can have is self-knowledge.
Knowing when your thinking feels
right and when you're trying to fool
yourself.” He added, “Knowing your
strengths and weaknesses, prowesses and
prejudices. Learning when to ask ques-
tions and when to believe your answers.”

Besides the passion for electronics
and hands-on learning, both Williams
and Pease had another quality: humility,
along with a recognition that they owed
those who came before them. Both
acknowledged the many contributions

/

BY PATRICK MANNION, DIRECTOR OF CONTENT

of op-amp pioneer George Philbrick to
their personal and career development,
and Pease paid special homage in his
book to the late Bruce Seddon, an engi-
neer who helped him “appreciate the
niceties of worst-case design.” Seddon
always lent his ear and helping hand.
Wrote Pease, “And if | never got around
to saying thank you—well, 30 years is
a long time to be an ungrateful, lazy
bum, but now’s the time to say, ‘Thank
you, Bruce.”

Pease took the example of Seddon to
heart and practiced the same principles,
day in and day out, as did Williams in
his own way. It’s with that example in
mind that I acknowledge the futility of
looking for other heroes to fill the space
they leave behind or of the need to say
goodbye.

Many heroes are out there today,
from the ones we know—DBarrie Gilbert,
Bonnie Baker, Howard Johnson, Dan
Sheingold, Walt Jung, and Walt
Kester—to the up-and-comers EDN'’s
Paul Rako points to: Bob Thomas at
Cisco, Francis Lau at Tyco/Elo Touch,
Eric Schlaepfer at Maxim, and Mark
Thoren and Glen Brisebois at
Linear Technology.

Both peers
and newcomers alike

are wiser and better for having
had the gift of Williams and Pease.
They have not left us; their spirits live
throughout the community in every-
one they’ve touched and helped, and
in every electronic device we hold and
use. So, there is no need to say goodbye;
just a simple thank-you is enough.

Contact me at patrick. mannion@ubm.com.
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10MHz Distribution Amplifier

« Sine wave outputs (+13dBm)
e Amplitude leveling

» Low additive phase noise

« High channel-to-channel isolation
« High return loss

* $1250 (usiist)

The FS730/1 10 MHz distribution amplifier uses an
input limiter design, which removes amplitude
modulation from the signal, provides fixed amplitude
outputs and blocks input noise. Virtually any 10 MHz
waveform with a duty cycle near 50 % may be used as

The new FS730 series of distribution amplifiers from
SRS provide state-of-the-art solutions for distributing
10 MHz, Broadband (502 and 75 ), CMOS Logic
and SDI digital video. Both bench-top and rack-mount
configurations are available.

an input.

o  www.thinkSRS.com + 408-744-9040
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INNOVATIONS & INNOVATORS

Peak-power analyzer boasts
accuracy, fast rise and fall times

gilent has announced the 8990B
A peak-power analyzer, which, accord-

ing to the company, offers the highest
measurement speed and greatest measure-
ment accuracy in pulse-peak-power analysis
for aerospace, defense, and wireless applica-
tions. The N1923A and N1924A wideband
power sensors complement the 8990B.
The N1923A and N1924A cover frequency
ranges of 50 MHz to 18 GHz and 50 MHz
to 40 GHz, respectively. With either sensor,
the 8990B achieves 5-nsec rise/fall times—
according to Agilent, the shortest overall rise/

power amplifiers, transmitter/receiver mod-
ules, transponders, radar-test sets, satellite
payloads, and other devices that require
careful control of complex aspects of their
performance.

US price for the 8990B peak-power ana-
lyzer is $28,500. US prices for the N1923A
and N1924A wideband power sensors begin
at $5000.—by Dan Strassberg

Agilent Technologies, www.agilent.
com/find/peakpoweranalyzer.

With either of its two state-of-the-art

fall times among all such instruments—for

measuring and analyzing RF pulses.
Offering ease of use and high perform-

ance, the 8990B comes with a 15-in.-diago-

—retired electronics technician
John W Lynch, in EDN'’s Talkback
section, at http://bit.ly/moEPmMM.
Add your comments.

wideband power sensors, the 8990B peak-
power analyzer makes possible accurate
measurements of RF pulse parameters

nal, 1024x768-pixel XGA (extended-graphics
array) color touchscreen that simultane-
ously displays four-channel
results for maximum image
detail. With its acquisition
rate of 100M samples/sec,
the instrument provides the
high speed and resolution
that R&D engineers need to
detect, explain, and eliminate
signal anomalies.

The 8990B makes 15
predefined pulse-parame-
ter measurements, including
rise time, pulse droop, pulse
width, and time delay. You
can automatically measure
these parameters in two easy
steps using the touchscreen.
These parameter measure-
ments are key elements of the
design, testing, and validation of

BRHEAa0L
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in aerospace, defense, and wireless
applications.
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More engineers choose
ADI data converters over the
next 8 suppliers combined.

More products. More performance.
More design support. More education.

With so many complex design problems relying on data
converters to define system performance, and so many data
converter suppliers to choose from, you might think it's
remarkable that so many engineers agree on their choice:
Analog Devices. As the world’s #1 data converter supplier,
ADI'is your source for 1500+ converter products, all thoroughly
and conservatively specified, and backed with more tools,
training, and design support than any other supplier—by far.
See why more engineers turn to ADI for answers to their
toughest challenges. Explore products, customer stories, and
design resources at www.analog.com/ConverterLeader.

Leading Converter Innovations

~<_T AD9467: 16-Bit, 250 MSPS, IF Sampling ADC 2010 Worldwide Data Converter
Provides outstanding SFDR performance over wide Market Share
bandwidths; multiple on-chip functions and
adjustability features for ease of use.

1 > AD5624R: Quad, 12-Bit SPI nanoDAC®
Offers 12-bit accuracy (1 LSB INL) and on-chip
1.25V or 2.5V 5 ppm/°C reference, all in a 10-lead

MSOP and 3 X 3 10-lead LFCSP.
and 3 mm mm 10-leal ADI 480/0
<_T AD7626: 16-Bit, 10 MSPS PulSAR® ADC Next 8 Suppliers
Delivers an unequaled combination of effective Combined
resolution and speed, without compromising ac or 44%

dc performance, while reducing size and power.

1 > AD9122: Dual, 16-bit, 1200 MSPS,
TxDAC+® Transmit DAC
Enables multicarrier generation up to the Nyquist
frequency and includes features optimized for direct
conversion transmit applications. Source: Databeans, Inc.

Circuits
from the Lah”

Reference Circuits
Lower your design risk and speed time to market ANALOG

with ADI lab tested reference circuits. Use a
> QR reader on your smartphone to watch video. analog.com DEVICES
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12-bit scopes take 2G samples/sec,
provide extensive waveform analysis

eCroy has introduced a
I_Iine of 12-bit-resolution,

four-channel, 400- and
600-MHz-bandwidth Wave-
Runner 6 Zi HROs (high-res-
olution oscilloscopes), which
feature 2G-sample/sec, 12-bit
ADCs, memory as deep as
256M points/channel on all
channels, and superior dc
accuracy. These features
combine with WaveRunner 6
Zi series’ extensive analysis
capabilities, so you no longer
must sacrifice oscilloscope-
grade analysis to capture 12-bit
data at rates to several billion
samples/sec.

Targeting use in medical,
automotive, power, and electro-
mechanical applications, the
HROs provide higher resolution
and greater measurement pre-
cision than do traditional 8-bit
alternatives, which are often
inadequate for viewing signals
with both large and small volt-
age components. The 12-bit
architecture yields £0.5% dc-
gain accuracy and 55-dB SNR
(signal-to-noise ratio) —almost
eight times typical 8-bit scopes’
38 dB.

The 256M-point/channel
waveform memory enables the
capture of 28.6-sec records on
each channel at 10M samples/
sec and, at higher sampling
rates, the capture of shorter
records with time resolution as

DILBERT By Scott Adams

fine as 500 psec. Large adjust-
ment ranges for offset and
timebase delay allow easy sig-
nal- and amplifier-performance
assessment and
enable zooming
in on vertical and
horizontal sig-
nal features. The
HROs also pro-
vide a pivoting dis-
play that permits
viewing signals in
portrait or land-
scape modes to
obtain more detail
for analysis. This
feature allows you
to view as many as
36 channels using
the mixed-signal
option, operate in
the frequency domain
using the spectrum-
analysis package, or
view decoded wave-
forms using the large
selection tools that
focus on the embed-
ded-system and com-
munications markets.
Some scopes with 8-bit
ADC:s offer enhanced resolution
through the use of techniques
such as averaging of large num-
bers of nominally identical wave-
forms, reducing noise by pass-
ing the signal through extremely
narrowband-DSP-based filters,
or counter-intuitively by add-

ing dither to the waveform you
are measuring. However, those
techniques, which require users
to thoroughly understand the
enhancement approach, suf-
fer from limitations that do not
apply to systems employing
high-resolution ADCs. On the
other hand, 12-bit conversions

DILBERT, MEET MY
NEW BOYFRIEND,
ANGRY JACK.
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Dilbert.com DilbertCartoonist@gmail.com
—

PEOPLE SAY MY HIGH
LEVEL OF ENGINEERING
SKILL COMES AT THE
COST OF GOOD SOCIAL
JUDGMENT.

92810 ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

ALICE, I THINK

HIS NAME HE WANTS
IS ANGRY TO HOLD MY
HAND NOWJ.

JACK.

require an ADC to resolve 4096
voltage levels. Resolving such
small voltage differences in a
500-psec conversion is no small
feat. That exacting requirement
explains why nearly all 12-bit
scopes and scopelike digitiz-
ers acquire signals at
maximum rates well
below 1G samples/
sec. Most can acquire
no more than 100M
samples/sec.

US list prices are
$18,900 for the 400-
MHz HRO 64Zi and

The eye-catching
WaveRunner 64Zi
and 66Zi feature
clever and utili-
tarian portrait/
landscape dis-
plays and combine a 12-bit-
resolution, 2G-sample/second
ADC on each of their four
channels with a complement
of built-in scope-level signal-
analysis features.

$22,900 for the 600-MHz HRO
66Zi. The standard versions
of both units provide wave-
form-memory depth of 64M
samples/channel on all four
channels independent of the
number of channels in use. An
increase to 128M samples on
each channel adds $6500 to
the base price, and an increase
to 256M samples adds $8500.
—by Dan Strassberg
LeCroy Corp, www.
lecroy.com/oscilloscope/
oscilloscopeseries.
aspx?mseries=352.

[www.edn.com]



Peak wideband performance
even at lower power.

It’'s why more engineers
choose ADI data converters.

The industry’s broadest portfolio of 10-bit to 16-bit single
and dual ADCs for power-sensitive applications.

The trend is portable. It's high data rate, audio, video, broadband—everywhere,
24/7. Don't let tight power requirements compromise the performance of your
designs. We squeezed the power out of our industry-leading high speed ADC
portfolio without sacrificing ac performance. The result: pin-compatible families
of single- and dual-channel solutions ranging from 10 bits @ 20 MSPS to

16 bits @ 80 MSPS, each with full ac performance at 25% to 50% of the power
of competitive solutions. Superior performance in multiple dimensions: another
reason why more designers choose ADI converters than any other. Explore
products and design resources at wwiwv.analog.com/FastL.owPowerADCs.

Recent A-D Converter Innovations

3 AD9266

16-bit, 20/40/65/80 MSPS ADC. 16-bit accuracy

at 80 MSPS; guaranteed NMC over full temperature AC Performance and Power Consumption at 80 MSPS Sample Rate
range. Low power: 124 mW @ 80 MSPS. 85 dBc
SFDR @ 100 MHz. Part Resolution zstll:gml-l@
o Y4
AD9650 Number (Bits) Input (dBc)
Dual, 16-bit, 25/65/80/105 MSPS ADC. Digitizes high
frequency, wide dynamic range inputs up to 300 MHz. AD9609-80 1 10 83 75 61.5
Integer 1-to-8 input clock divider, 500 MHz bandwidth AD9629-80 1 12 93 95 70.9
differential inputs. 82 dBFs SNR and 90 dBc SFDR AD9649-80 1 14 95 92 736
@ 30 MHz, 328 mW per channel power at 105 MSPS.
AD9266-80 1 16 124 93 76.6
AD9269
Dual, 16-bit, 20/40/65/80 MSPS ADC. 16-bit AD9265-80 1 16 G % 708
accuracy at 80 MSPS. Integrated error correction AD9204-80 2 10 n 75 61.1
for dc offset, gain, channel phase mismatch. AD9231-80 2 12 80 92 70.9
SFDR 80 dBc @ 200 MHz input; 112 mW power
i AD9251-80 2 14 82 92 725
per channel @ 80 MSPS.
AD9269-80 2 16 112 90 76.3
AD9268-80 2 16 243 91 79.0
AD9650-80 2 16 266 86 81.0
Circuits
i
Ircur
Circuit designs built and tested to ensure ANALOG

function and performance. Use a QR Reader
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Physical phenomenon could lead
to clock-speed increases

esearchers at the
q Massachusetts Institute

of Technology and at the
University of Augsburg have dis-
covered a new physical phe-
nomenon that could yield tran-
sistors with greatly enhanced
capacitance, which, in turn,
could lead to the revival of clock
speed as the measure of a com-
puter’s power (Reference 1).
The research focuses largely
on lanthanum aluminate, which
comprises alternating layers of
lanthanum oxide and aluminum
oxide. The lanthanum-based

The researchers’ experimental
setup comprised a sample of
the lanthanum-strontium tita-
nate composite, which looks
like a slab of thick glass, with
thin electrodes deposited on
top of it (courtesy Ashoori
Group).

layers have a slight positive
charge; the aluminum-based
layers, a slight negative charge,
according to the MIT research-
ers. The result is a series of elec-
tric fields that all add up in the
same direction, creating an elec-
tric potential between the top
and the bottom of the material.

Physicists usually consider
both lanthanum aluminate and
strontium titanate to be excel-
lent insulators in that they con-
duct no electrical current. They
speculate, however, that, if the
lanthanum aluminate were thick
enough, its electrical potential
would increase to the point that
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some electrons would have to
move from the top of the mate-
rial to the bottom to prevent a
“polarization catastrophe.” The
result is a conductive channel at
the juncture with the strontium
titanate, much like the one that
forms when you switch on a
transistor.

The researchers measured
the capacitance between
that channel and a gate elec-
trode on the lanthanum alu-
minate. Admitting that using
experimental apparatus some-

what limited their results, the
researchers said
that an infinitesi-
mal change in volt-
age causes a large
charge to enter the
channel between
the two materials.
“The channel may
suck in charge ...
; like a vacuum, and
SEAEEN it operates at room
temperature, which ... really
stunned us,” says Raymond
Ashoori, a professor of phys-
ics at MIT.

The material’s capacitance
is so high that physics can-
not explain it. “We’ve seen the
same kind of thing in semicon-
ductors, but that [phenome-
non] was a very pure sample,
and the effect was very small,”
says Ashoori. “This [sample] is
superdirty and [has] a super-
big effect. It could be a new
quantum-mechanical effect or
some unknown physics of the
material.”

According to Jean-Marc Tris-
cone, a professor of physics
at the University of Geneva,
whose group has published
several papers on the junc-
ture between lanthanum alu-
minate and strontium titanate,
the computer industry and
physics textbooks have long

used—and assumed correct—
a formula for capacitance. The
MIT and University of Augs-
burg researchers showed that
it is now necessary to modify
that formula to describe their
system.

Although a lot of charge
moves into the channel
between materials with a slight
change in voltage, it moves too
slowly for the type of high-fre-
quency switching that takes
place in computer chips. Purer
samples might exhibit less elec-
trical resistance. If research-
ers can understand the physi-
cal phenomena underlying the
material’s remarkable capaci-
tance, however, they may be
able to reproduce them in more
practical materials. “It’'s not
going to revolutionize electron-
ics tomorrow, but this mecha-
nism exists, and, once we know
it exists, if we can understand
what it is, we can try to engi-
neer it,” says Ashoori. Ashoori
worked with Lu Li, a postdoc-
toral and Pappalardo Fellow
in his MIT lab, together with
Christoph Richter, Stefan Pae-
tel, Thilo Kopp, and Jochen
Mannhart of the University of
Augsburg.

—by Suzanne Deffree
~Massachusetts
Institute of Technology,
www.mit.edu.
~University of Augsburg,
www.uni-augsburg.de/en.
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TOOL NOW SUP-
PORTS OPTIMIZED
SPICE ENGINE,
MULTICORE
PROCESSORS

Texas Instruments has
improved its Tina-Tl
Spice tool, which is
available in English,
simplified and traditional
Chinese, Japanese, and
Russian. Tina-Tl 9.1 now
supports multicore
processors and an op-
timized Spice engine,
enabling it to run simu-
lations an average of
five times faster than
previous versions. It
allows designers to im-
port any Spice model to
simulate designs and
features more than 500
part models and refer-
ence designs, including
more than 130 new pow-
er models. The broad
model coverage and fast
simulation in Tina-TI
9.1 make it easier for
designers to speed their
products to market.

Tina-TI 9.1 provides
all of the conventional
dc, transient, and
frequency-domain anal-
ysis of Spice and ex-
tensive postprocessing
capability that allows
users to customize
results. Virtual instru-
ments allow users to
select input waveforms
and probe circuits’
node voltages and
waveforms.

Tina-Tl 9.1 is available
for free downloading
in the Tl Analog eLab
Design Center at www.
ti.com/analogelab-pr.

—by Paul Rako

Texas Instruments,

www.ti.com.
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Current driver targets
LED strings in streetlights

ighting fixtures that cover
I_wide areas, such as

streetlights, often use LED
matrices comprising strings of
HB LEDs (high-brightness light-
emitting diodes) that rely on off-
the-shelf constant-current, ac/
dc power supplies. Because

the ac/dc power supply drives
the entire matrix, complica-
tions can arise when one string
fails open or begins to draw
too much current. These situa-
tions can overstress the string’s
LEDs and create either a gap
or a noticeable bright streak in

The linear LED-driver LM3466 guards against string failures in

LED matrices in wide-area lighting.

the matrix. However, providing
current control for each string
adds too many components
and increases the light’s cost.

To address these problems,
National Semiconductor has
introduced the LM3466 linear
LED driver, which integrates a
70V, 1.5A N-channel MOSFET
and a linear-control approach,
allowing one LM3466 along
with one resistor and one
capacitor to drive a string of
LEDs. Paralleling any number
of strings results in a complete
LED matrix.

The chip’s dynamic-current-
equalizing-control scheme
enables communication
between each LM3466 LED
driver to divide current equally
or ratiometrically among muilti-
ple active LED strings. Dur-
ing an open-string state, each

LM3466 automatically equal-
izes current throughout remain-
ing strings to maintain relatively
constant output power.

Each LM3466 conducts a
current as high as 1.5A and
accepts an input range of 6 to
70V. The LM3466 includes a
fault-status output and input-
undervoltage-lockout, current-
limit, and thermal-shutdown
protection.

Linear circuitry prevents any
EMI (electromagnetic interfer-
ence) and ensures compliance
with EMC (electromagnetic-
compatibility) regulatory require-
ments. The device requires nei-
ther communication with the
constant-current power supply
nor LED voltage binning. The
LM3466 LED driver comesin an
eight-pin ePSOP package and
sells for $1.30 (1000).

—by Margery Conner

National
Semiconductor,
www.national.com.

CST adds HPC, eigenmode-solver support

ngineers are increasingly looking for
= \vays to speed up complex simu-
lations and turning to various HPC
(high-performance-computing) techniques,
such as multicore processors, server farms,
and GPUs (graphics-processing units).
Although electromagnetic simulation can
reduce the number of prototyping cycles,
the increase in simulation-model size still
represents a special challenge, accord-
ing to Martin Timm, marketing director at
CST (Computer Simulation Technology).
To address that challenge, CST supports
HPC techniques to help its customers deal
with the trend in microwave- and RF-device
design toward increasing device complex-
ity and an accompanying decrease in time
for R&D.

The new CST simulation-accelera-
tion scheme provides customers with a
choice of HPC features. The CST Micro-
wave Studio 2011 transient solver, for
example, now supports Nvidia (www.
nvidia.com) Tesla 20 series to provide
increased performance with minimal

[www.edn.com]

investment. For large or complex mod-
els, CST recommends cluster comput-
ing. To support communication among
nodes in such environments, CST now
offers an MPI (message-passing inter-
face) that supports the InfiniBand high-
throughput, low-latency interconnection
to help ensure scalability. MPI-based
parallelization is now available for the
integral equation solver, implementing
the MLFMM (multilevel fast-multipole
method) in Microwave Studio 2011.

CST Studio Suite 2011 also now
comes with a simple job-queuing sys-
tem, and designers can easily integrate it
with free or commercial systems, such as
the LSF (load-sharing facility) from Plat-
form Computing (www.platform.com) or
the OGE (Oracle Grid Engine) from Oracle
(www.oracle.com/us).

CST also announced a new finite-ele-
ment-based eigenmode solver in CST
Microwave Studio 2011. The computa-
tion of eigenmodes in simulations helps
determine parameters such as resonance

frequencies and Q values for resonant
structures, such as cavities, filters, and
particle accelerators. An additional appli-
cation of eigenmode solvers is the design
of periodic devices, such as slow-wave
structures, including traveling-wave tubes,

v The tfechniques
help customers
deal with the trend in
device design toward
increasing complexity.

and metamaterials, from which engineers
can derive phase diagrams from unit cells.
The new HPC and eigenmode-solver
functionalities are available with CST
Microwave Studio 2011 Service Pack 3. It
is now available for downloading for cus-
tomers with valid maintenance contracts
for the respective options.
—by Rick Nelson
CST, www.cst.com.
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INSIDE NANOTECHNOLOGY

Nanomaterials for energy storage

he increasing demand for mobile devices, solar cells, and
electric vehicles brings up one fundamental question: How
long and how efficiently can they operate before they run out
of power? The functional period of both mobile devices and
electric vehicles depends on how long the battery will last per
charge, how long it takes to charge them up again, and how
many times a user can charge them. Solar cells depend on the amount of
light necessary to produce electricity from them and how efficiently the
energy converts into electricity that can pass on to the device. None of
these issues has seen much progress in the past 100 years or so. With the
help of new nanomaterials, however, things have recently begun to change.

For example, Nanotecture (www.
nanotecture.co.uk) has developed sev-
eral new nanoporous production pro-
cesses that allow for materials with high
surface areas, which can improve the
performance of batteries. One of their
first applications is the creation of a
hybrid supercapacitor. This product fea-
tures one carbon electrode with a nickel-
hydride nanoporous battery electrode.
The approach allows for the increased
efficiency and deep power storage of a
battery and provides for the reduced dis-
charge and leakage of a capacitor.

Supercapacitors are becoming key

CONCENTRATED
SURFACTANT:
ARRANGEMENT

LIQUID-CRYSTAL PHASE:
DEPOSIT MATERIAL
AROUND

components in most mobile systems due to
their ability to hold high levels of constant
voltage under low current drains for system
configuration and nonvolatile-memory
support in mobile systems. Supercapacitors
have long found use in electronic-flash,
mobile-phone, and FPGA -system applica-
tions. Current lithium-ion supercapacitors
have an in-use life of approximately three
years; the new, lower-cost nickel-hydride
technology significantly improves that
lifetime (Figure 1).

These materials go beyond the hand-
held-mobile-system market to address
the energy community, including auto-

~»

SURFACTANT

REMOVE

SURFACTANT

TO LEAVE

NANOPOROUS MATERIAL

Figure 1 A new, lower-cost nickel-hydride technology significantly improves super-

capacitor lifetime (courtesy Nanotecture).
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BY PALLAB CHATTERJEE, CONTRIBUTING TECHNICAL EDITOR

motive applications. The product aims
to replace standard lead-acid batteries
in trucks with the lighter and more
powerful supercapacitors. The cost- and
weight-sensitive automotive market will
benefit from chemical processing for the
creation of the nanoporous electrodes—
amajor breakthrough in this technology.

The use of nanomaterials also has
a big impact on photovoltaic and solar
products. The increased surface of these
materials can react with photons in a
solar cell, increasing the net electrical
power the cell generates. The new tech-
nologies from Nanotecture, other pro-
cessing methods for nanoporous material
creation, and the use of nanowires are all
major areas of development for improv-
ing solar cells. The key is to find an inex-
pensive high-volume-manufacturing
process that will produce more-than-
50%-efficient cell-power conversion.
Current solar-cell efficiency ranges from
10 to 19%, and some cells are as low as
1 to 9% efficient.

The nanomaterial work for solar
comprises applications of quantum
dots; insertion of new materials, includ-
ing organic and inorganic nanoparticle
materials, into the solar-cell structure;
new nanodeposition techniques for cre-
ating 3-D materials; and nanowire tech-
nologies. Universities and commercial
facilities are performing this work.

In addition to the discharge-rate
and depth problems, batteries also
have issues with charging times. For
typical short-period use, such as in an
electric vehicle driving fewer than 100
miles, which can be measured in min-
utes, it takes hours to charge the bat-
teries. Researchers at the University of
[llinois—Urbana-Champaign recently
published a paper describing a method
that reduces the energy-capacity loss for
batteries when they use fast charge and
discharge rates. This method results in
a lithium-ion battery that requires only
two minutes to provide a 90% charge
level. The approach involves cathodes
that the researchers created from a 3-D
nanostructure.

Pallab Chatterjee is on the IEEE Nano-
technology Council.
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TRACKING PLL DESIGN

THROUGH THE DECADES

THE VENERABLE PLL IS VITAL TO TODAY'S IC DESIGN.

BY JEFF GALLOWAY AND ANDREW COLE - SILICON CREATIONS

LLs (phase-locked loops) are among the most com-
mon types of analog/mixed-signal circuits on today’s
SOC (system-on-chip) ICs. PLLs are essential com-
panions to the digital-logic circuits and processors
on these chips. Today’s SOCs are likely to integrate
many types of PLLs. Like the digital circuits on these
SOCs, the continual advances in process technol-
ogy benefit analog/mixed-signal circuits. Clever designers have
made many contributions that have increased the performance of
analog/mixed-signal circuits, and PLLs in particular, beyond what
you would expect from simple scaling.

The advances in process technology
and circuit techniques have allowed
PLLs to become smaller and consume
far less power per megahertz of output
frequency and to achieve better per-

formance than that of PLLs of decades
past. The advances have made pos-
sible applications for PLLs, including
SERDES (serializer/deserializer) circuits
and RF integration.

A BIT OF HISTORY

PLLs date back to the 1920s, but their
popularity and applications took off with
the introduction of the monolithic PLL.
The 4046 CMOS Micropower PLL,
which RCA (www.rca.com) introduced
in the 1970s, is one of the early PLL
ICs. These ICs found use in many appli-
cations, including frequency synthesis,
FM demodulation and modulation,
voltage-to-frequency conversion, and
data synchronization. The 4046 inte-
grated two types of phase detectors—
a linear mixer and an edge-triggered
phase/frequency detector—with a VCO
(voltage-controlled oscillator) and an
output buffer that allowed designers to
use the tuning voltage for demodula-
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tion applications. By adding an external
divider, you could configure the circuit
as a frequency synthesizer, with a range
from tens of kilohertz to slightly more
than 1 MHz and a power dissipation of
tens of microwatts to 1 mW. Designers
had to add an external loop filter, but
that requirement provided flexibility in
setting the loop dynamics.

Fast-forward to today. The most
common type of PLL for SOC applica-
tions is the frequency-multiplying PLL.
This type of PLL generates a high-fre-
quency clock from a low-frequency crys-
tal or another reference. Applications
for frequency-multiplying PLLs are
widespread and include logic clocking
and RF local-oscillator synthesis. It is
common for a modern SOC to contain
five to 10 of these PLLs.

[t is interesting to compare a modern
SOC multiplying PLL with one using the
4046 chip, an external feedback divider,
and the external loop-filter components
(Figure 1). The 4046-based circuit would
consume several hundred square milli-
meters of PCB (printed-circuit-board)
area, whereas this SOC PLL has an area of
approximately 0.07 mm?*—roughly 2000
times smaller. These fully integrated PLLs
also include more features. The typical
output frequency is 2 GHz, or about 2000
times larger, and the power dissipation is
similar. The modern circuit also offers
power consumption that is approximately
2000-times better in terms of watts per
megahertz.

Most of the advances in frequency,
power per megahertz, and area are due

4046 DISCRETE PLL (1970)
* DISCRETE PLL

* 16-PIN PDIP

* USES EXTERNAL

AT A GLANCE

Bl PLLs (phase-locked loops) date
back to the 1920s.

Bl Monolithic PLLs opened new
horizons.

Bl Good on-chip inductors enabled
new levels of PLL performance.

Bl PLLs now serve a range of appli-
cations, and an SOC (system on
chip) may have 20 of them.

simply to advances in process tech-
nology and would not be surprising
to anyone familiar with Moore’s Law.
The SOC PLL in Figure 1 integrates
more than 25,000 transistors, whereas
the 4046 chip used roughly 5.6 mm?
for its 150 components (Reference 1).
The ability to integrate many more
transistors has enabled analog/mixed-
signal-circuit designers to exercise their
creativity and increase their designs’
performance.

ADVANCES IN RESOLUTION

Most frequency-synthesis PLLs incor-
porate a predivider (+N) and postdivid-
ers (+P), plus a feedback divider (+M),
generating a frequency of F xM/(NxP).
The resolution in output frequency is
F,/(NxP). Making these dividers larger
yields finer resolution. However, this
improvement comes at a cost in other
important performance parameters.

As N increases, the PLL comparison
frequency decreases, and PLL bandwidth

must decrease proportionally. A decrease
in bandwidth increases the lock time
and PLL area—because the loop filter
must grow—and the long-term jitter gets
worse. Increasing P requires the VCO to
run P times faster. A P value of two to
four is common for many applications.
For large P values, however, the required
VCO frequency could exceed the process
limitations. Additionally, the power in
the VCO and dividers scales with the
VCO frequency. So, using the postdivider
to achieve fine frequency resolution has
serious drawbacks, as well. One way to
avoid these trade-offs is to use a nonin-
teger divide value for one of the dividers;
fractional-N PLLs employ this approach.

You can achieve a fractional divider
value of, for example, 10.25 by the fol-
lowing set of divider values: 10, 10, 10,
11, 10, 10, 10, 11, and so on. You can
implement such a variable-ratio divider
with a simple accumulator (Figure 2 and
Reference 2). Next, you must decide
which of the three dividers should be
fractional. The first choice—the postdi-
vider—has the problem of transferring
the noise or jitter of the divider modu-
lation directly to the output—usually,
an unacceptable situation. Assuming
that the PLL holds the VCO frequency
steady, the output period would vary by
awhole VCO period. To minimize jitter,
the VCO would need a small period, cor-
responding to a high frequency.

The predivider and postdivider are
better choices for modulation because,
in these configurations, the PLL acts
as a lowpass filter on the noise or jitter
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Figure 1 Comparing a 1970s PLL (left) to a recent one (right) illustrates the progress that has occurred over the decades.
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associated with modulating the feed-
back divider. The following equation
relates the VCO frequency and the ref-
erence frequency: F,  =F, . xM/N. For
most practical PLLs, the value of M is
larger than that of N, meaning that the
VCO period is smaller than the refer-
ence period. So, dithering the feedback
divider has a smaller effect than dither-
ing the reference divider by the ratio of
M/N, making this choice the most com-
mon one. Circuits of this type, using
multiple ICs, began to appear in the late
1970s and early 1980s.

In the example of the sequence for
generating a divider value of 10.25, the
divide pattern repeats every four cycles.
This approach generates a noise tone
at F,./4. If you use the same method
to generate an effective value of 10.01,
then a tone would appear at F__/100.
The spectral tone is problematic for
many systems that would like to take
advantage of the fine frequency resolu-
tion that fractional-N PLLs provide.
If this noise tone falls to a frequency
below the PLLs bandwidth, consider-
able long-term jitter, unacceptable in
many applications, can result.

A breakthrough in the evolution of
the fractional-N PLL was the applica-
tion in 1993 of delta-sigma modula-
tion to the dithering of the feedback
divider (Figure 2 and Reference 3).
The delta-sigma-modulation noise-
shaping technique can push dithering

noise to high frequencies, at which
the PLL can easily filter it. Using this
technique, designers have created PLLs
with nearly undetectable fractional spur
tones. Integrated fractional-N PLLs still
fall short of the performance of similar
integer-N PLLs, however, because of the
low bandwidth necessary to filter the
dithering noise. With lower bandwidth,
the PLL is less able to suppress the phase
noise of the VCO.

The dithering noise from the del-
ta-sigma modulator is a pseudoran-
dom pattern. A recent refinement in
integrated PLLs cancels this noise by
applying a correction directly to the
loop filter. Industry literature reports
improvements of 10 to 20 dB, allowing
designers to increase the bandwidth of
fractional-N PLLs, with benefits in cir-
cuit area, phase noise, and jitter. In this
way, the performance of fractional-N
PLLs can approach that of integer-N
PLLs. The SOC PLL in Figure 1 takes
advantage of Moore’s Law to integrate a
24-bit modulator, allowing the output-
frequency increment to be 0.06 ppm or
smaller—an extremely fine resolution.

ADVANCES IN PLL QUALITY

Beginning in the early *90s, IC designers
began to incorporate passive inductors
into ICs fabricated in generic CMOS-
logic processes (Reference 4). The
inductors have lower Q (quality) factors
than do discrete components or similar

Figure 3 Integrated inductors have
changed the appearance and per-
formance of monolithic PLLs.

inductors in an IC process tailored for RE
For decades, ICs have included capaci-
tors in many forms, including gate-oxide,
polysilicon-to-polysilicon, and metal-
to-metal devices. The use of integrated
inductors along with capacitors to form
completely integrated LC (inductor/
capacitor) VCOs greatly boosts per-
formance (Figure 3). For a given fixed
power level, LC VCOs typically outper-
form ring oscillators by 20 dB.

The LC-oscillator circuit predates IC
technology. However, the integration
of LC oscillators had been problem-
atic until only the last 10 to 15 years.
The first problem had to do with the
inductor itself. In process nodes larger
than 0.25 microns, it was uncommon
to have more than three metal layers,
and the typical interconnect metal was
aluminum. Inductors in this process
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Figure 2 The fractional-N divider and delta-sigma modulator represent relatively recent design advances.
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Figure 4 Analog PLLs (a) may be significantly larger than their digital counterparts (b).

had relatively high series resistance,
resulting in a low Q factor. The limited
number of metal layers also meant that
the inductor was physically close to the
silicon surface. This situation in turn
meant that these inductors had signifi-
cant parasitic capacitance and hence a
low self-resonant frequency.

The desire to integrate more gates
has driven two advances in CMOS-
processing technology, enabling the inte-
gration of practical inductors in generic
CMOS-logic processes. The first, the
use of CMP (chemical-mechanical pol-
ishing), makes each layer in the inter-
connect stack more planar, allowing for
many stacked metal layers. In 180-nm
technology, which debuted in the late
1990s, the use of six metal layers became
common. Recent process technologies at
65 nm and smaller allow for 10 or more
metal layers. The increase in metal layers
allows designers to put the inductors in
the top metal layers, far above the silicon
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surface, reducing the parasitic capaci-
tance and increasing the self-resonant
frequency. The second advance, the use
of copper interconnect, allows for lower
series resistance and a higher Q factor
because copper interconnect has a lower
resistance than aluminum.

The next problem related to the
integration of inductors involved the
relationship between inductance, oscil-
lation frequency, and tank impedance:
V(L/C). The oscillation frequency is
proportional to 1/N(LxC). If capaci-
tance is constant, a 2-GHz oscillator
requires an inductor that is only 25%
the size of a 1-GHz oscillator. As CMOS
technologies have advanced, higher
frequencies have become possible,
allowing smaller inductors. Hence, it
has become economical to design and
manufacture [Cs with on-die inductors.

The performance of LC oscillators
in integrated PLLs allows designers to
choose integrated PLLs for applications

with demanding phase noise, such as
SONET (synchronous-optical-net-
work) data transmission and cellular
communication, which often require
less than 1 psec of long-term jitter.
Other advances in circuit design and
process technology have allowed the
integration of entire RF transceivers.

CURRENT, FUTURE WORK

A current area of interest in PLLs is the
digital PLL. Digital PLLs have a digital
loop filter rather than an analog loop
filter. The biggest advantage of a digital
loop filter over an analog loop filter is
size (Figure 4). For analog PLLs, the size
of the loop filter is a strong function of
the PLLs bandwidth. For high-band-
width PLLs, the loop filter consumes
approximately 50% of the PLL area. For
low-bandwidth PLLs, the loop filter can
become a large percentage of the PLL
area. Even worse, a low-bandwidth ana-
log PLL may require an external loop

filter consuming

valuable I/O pins

CLOCK-

RECOVERY and PCB area. In
PLL contrast, as pro-
PHASE SERIAL-RATE cess technology
INFORMATION CLOCK advances, the area
taken by adders
RECEIVED 10, DATA and registers of a

PCB, SERIAL [ DESERIALIZER WORDS o -
FIBER. DATA AND DATA digital loop f11Fer
CABLE, RECEIVER CLOCK becomes steadily

RF

Figure 5 Serial chip-to-chip links have become important applications of PLLs.
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less important.

In digital PLL,
these designs
require perhaps
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as much analog design as would a PLL
using an analog loop filter. The analog
PLL has two main analog design tasks.
The charge pump and loop filter first
convert PWM signals from the digital
phase detector to current pulses and, in
turn, to an analog control voltage. The
VCO then produces a frequency pro-
portional to the analog tuning voltage.

The digital PLL replaces the digital
phase detector of the analog loop by a
phase-to-digital converter or time-to-
digital converter. Think of this block as
a sort of ADC but with an analog quan-
tity that is phase or time rather than
voltage. A DCO (digitally controlled
oscillator) then replaces the VCO in
the analog loop. This circuit is a type
of DAC in which the analog quantity
is frequency rather than voltage. So
digital-PLL design still has many chal-
lenging analog aspects.

Besides an area advantage, the digi-
tal loop filter also enjoys a noise advan-
tage when scaling. The voltage noise on
the analog loop filter scales as V(kT/C),
where k is the Boltzmann’s constant, T
is the absolute temperature, and C is
the loop filter’s capacitance. If a design
requires the noise to be a factor of two
lower, capacitance must increase by four
times. With the digital loop filter, the
quantization noise scales as 0.5, where
N is the number of bits. To reduce the
noise by a factor of two, a designer needs
to add only a bit. A designer can easily
make the quantization noise in the digi-
tal loop filter negligible for little cost in
area. However, this action pushes the
problem of noise onto the time-to-dig-
ital converter and the DCO. Designing
a time-to-digital converter and a DCO
with a large number of effective bits is
still a significant challenge.

USES FOR SMALLER PLLs

Advances in both circuit design and
process technology have allowed SOCs
to integrate more PLLs of various types.
Besides frequency synthesis, several
other applications of PLLs have become
important. The integration of PLLs
forms one of the keys to serial chip-to-
chip communication. This type of com-
munication requires a SERDES circuit
pair. Serial chip-to-chip communica-
tion has many benefits, most notably
the reduction in IC area, because the
PLL and SERDES are typically small-
er than the set of parallel 1/Os, and in

[www.edn.com]

PCB complexity because the serial links
require fewer traces. The last decade
has seen the emergence of standards
such as PCle (Peripheral Component
Interconnect Express), XAUI (10-Gbps
attachment-unit interface), SATA (seri-
al-advanced-technology attachment),
USB (Universal Serial Bus) 3.0, and
GbE (gigabit Ethernet), among others.

Both the serializer and the deserial-
izer functions rely on PLLs to generate
their clocks. The serializer requires a
low-jitter, frequency-multiplying PLL
for the transmitter. The PLL multiplies
the parallel-rate clock frequency up to
the serial rate. A multiplication by 10
to the parallel rate is common. The
serializer PLL typically specifies less
than 1% rms (root mean square) of the
clock period for long-term jitter—for
example, 1 psec rms at 10 Gbps.

The receiver requires a CDR (clock-
and data-recovery) circuit, a type of
PLL that locks to incoming data rather
than to a clock. CDR circuits have for
decades found use in optical commu-
nication. However, CDR circuits have
only in the last decade become small
enough and low enough in power to
make integrated SERDES practical.

One of the first integrated CDR
circuits was part of a 2.488-Gbps chip
set whose developers fabricated it in
gallium-arsenide and silicon-bipolar
technology (Reference 5). It used an
external loop filter and an external
transmission line for the resonator in
the VCO. In the 20 years since this inte-
grated CDR debuted, the same advance-
ments that have helped other types of
PLLs have helped CDRs to shrink in
power and area. Standard CMOS-logic
processes integrate CDRs that require
no external components and consume
much less than 1 mm? of chip area.

The miniaturization of PLLs opens
many other types of applications to these
devices. Common examples include
deskewing PLLs, which align the clock
at the end of a clock tree with an input
clock, and multiphase PLLs, which
generate four to 32 output clocks with
equally spaced phases and find use in RF
receivers and multichannel CDR circuits.

PLLs have come a long way since
the emergence in the 1970s of mono-
lithic PLLs. Much of this advancement
has come from the improvements in
process technology. Further improve-
ments in performance have come from

innovative circuit-design techniques.
With these developments, PLLs have
become versatile and essential building
blocks. Modern SOCs, such as multi-
media processors, contain eight to 20
PLLs performing diverse functions. As
technology advances, PLLs will find use
in even more applications.Ebn
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elivering power to the chips on your
PCB (printed-circuit board) is no lon-
ger a simple proposition. You used to
be able to connect the ICs to power
and ground using thin traces that took
little space. As chips got faster, you
fed them power with low-impedance
sources, such as a power plane on your
PCB. For a time, just using a power
and ground plane on a four-layer board would solve most
power-integrity problems. In addition to the power planes,
you could decouple every IC to solve any niggling power
problems with your design.

[www.edn.com]






These days, though, PCB areas—
along with their cost and your sched-
ule—are tight, and these issues bring
power consequences along with them.
“Consumer and portable devices are
using fewer PCB layers for cost, but
the ICs inside them need many volt-
age levels,” says Dave Kohlmeier, senior
product-line director of simulation and
analog at Mentor Graphics. These
problems don’t apply just to portable
products; industrial products have space
constraints, too (Figure 1). A modern
cell-phone base station has circuitry in
asmall box on the antenna that used to
reside in a 19-in. rack in the building.

Cost is critical in high-volume con-
sumer and automotive products. You
can’t afford to sprinkle your PCBs with
capacitors that they might not need.
To top it off, your design cycles have
shrunk to weeks and months instead
of years. You can’t take the time to do
respins of your PCB to fix and optimize
the power and ground planes.

Designing power systems for mod-
ern electronics is a daunting challenge.
DDR memory operates at 1600 Mbps
and will soon run at 2200 Mbps in quad
mode. Worse yet, it is a single-ended
output, meaning that your power sys-
tem must deal with sudden changes in
power-supply current. Digital gates in
the part can all switch at once, a feature
that power-integrity engineers charac-
terize as simultaneous-switching noise.
Serial communication has difficult
power demands. The 802.3ba Ethernet
standard calls for 40- and 100-Gbps data
rates (Reference 1).

Modern digital chips operate on less
than 1V, meaning that even millivolts
of noise can cause data-dependent prob-
lems. Multiple chips can add statisti-
cally and cause power dropout or over-
voltage. Your system might work fine for
weeks or even months until the digital
circuitry all switches at once, causing a
system reboot. These power-integrity
problems are difficult to troubleshoot.
Power-integrity problems on one chip
in a system may cause another chip in
the system to reboot. “Even a nanosec-
ond of power loss will make your system
unreliable,” notes Paul Grohe, an ana-
log applications engineer at National
Semiconductor. Minimizing power-
supply noise is critical to your design’s
reliability, meaning that digital-system
engineers must learn analog and even
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AT A GLANCE

Simulate dc power integrity
to ensure that your power planes
can carry the required current.

Simulate ac power integrity
to ensure that your design has ade-
quate decoupling.

Software lets you simulate the
effect of stitched power and ground
planes.

Inadequate copper can cause
severe thermal problems on your
PCB (printed-circuit board).

Power-plane noise can ruin
your signals.

RF-design concepts, according to Steve
Patel, signal-integrity-product manager
at Ansys.

Power-system engineers know that
power systems must have low imped-
ance (Figure 2), and analog engineers
understand that the less noise on the
power pin of an analog IC, the better.
Unlike digital chips, analog chips have
no noise margin. The PSRR (power-
supply-rejection-ratio) specification
tells you how much of the power-supply
noise will seep into the part’s output pin.
Digital-system engineers must now deal
with the same power-noise issues (see
sidebar “Let me talk to someone else”).

The power-delivery network that
supplies your chips requires low equiva-
lent inductance—0.01 nH for core volt-
ages and 1 nH for I/O power, accord-
ing to Brad Brim, product marketing
manager at Sigrity. He notes that the
power planes couple noise back into
your signals. In some cases, a signal
routed between two ground planes has

IC: PACKAGED DIE

ON-PACKAGE CAPACITOR

BULK CAPACITOR
CERAMIC CAPACITOR

VOLTAGE-
REGULATION
MODULE

HEAVILY PERFORATED PCB

Figure 1 Packing more components onto smaller PCBs results in heavily perforated
power and ground planes with the attendant power-integrity problems (courtesy

Agilent).

IMPEDANCE
©)

MAGNITUDE (MHz)

Figure 2 Minimizing the ac impedance of your power planes over all frequencies is
critical in high-speed circuitry. This simulation shows planes with impedances as high

as 1Q (courtesy Mentor Graphics).
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Figure 3 An idealized plot of power-delivery-network transfer impedance has a capaci-
tive region (Point A) and an area in which capacitive and inductive reactance are equal
(Point B). As frequencies increase, inductive reactance effects predominate (Point C).
A perfect idealized plane would follow a smooth line (red). Instead, the dielectric con-
stant and the plane geometry create plane-resonance modes (Point D) that ruin power

integrity (courtesy Sanmina-SCl).

15 mV of noise. When the layout per-
son routed the same signal between the
power and the ground planes, it had 45
mV of noise.

Power-integrity tools let you make
a deterministic optimization of your
design. You cannot use accepted rules
of thumb for decoupling to optimize the
layout. Software helps you to determine
the number, type, and cost of capacitors,
says Ansys’ Patel. These tools also show
you the effect of changing the distance
between planes. For example, NEC’s
PI (power-integrity) Stream helps you
meet your target impedance by adding
or moving capacitors, changing capaci-

tance values and plane shapes, and
altering the distance between power
and ground planes, says Yoshi Fukawa,
president and founder of TechDream.
“You can use a CAD file for what-
if experimentation,” says Mentor’s
Kohlmeier. “It is much faster than hard-
ware spins. That is the value of a vir-
tual prototype.” For these reasons, it is
important to use simulation software so
that you can make important decisions
early in the design phase. Capacitor
location, capacitor count, and other
variables might not affect other depart-
ments, but changing the thickness of
the board because you moved planes

LET ME TALK TO SOMEONE ELSE

closer to gain interplane capacitance
affects the whole design team (Figure
3). Sanmina-SCI has patented modern
manufacturing methods that let you
design planes with 4-mil-thick dielec-
trics, increasing interplane distributed
capacitance.

PROBLEM SOLVER

Power-integrity simulation is more
difficult than many engineers expect
because they must account for every
capacitor, stitching via, and struc-
ture in the power-delivery plane, says
Kohlmeier. He points out that stitching
vias, which connect two planes, lower
the impedance of your power-delivery
network and, as such, are just as impor-
tant as capacitors.

Unlike power integrity, signal integ-
rity usually involves a few traces, and you
can measure signal integrity in the time
domain with an oscilloscope. Power-
integrity simulation yields frequency-
domain impedance using the Z11 profile
of the impedance from Port 1 to Port 1.
To understand the impedance problems
of a power plane, you need a VNA (vec-
tor network analyzer), which is difficult
to use. Simulations are complements,
rather than replacements, of measure-
ments, and they provide important
information about the performance of
the PCB before fabrication. “No matter
how fast your simulation software, noth-
ing is faster than a measurement,” says
Sigrity’s Brim, who notes, however, that
you need a fabricated PCB on which to
take that quick measurement.

Power-integrity-design
engineers have a problem
talking to digital-system
engineers who have no
knowledge of power-design
concepts. For example,
Bob Thomas, a senior
power engineer at Cisco
Systems, relates that he of-
ten becomes exasperated
talking to the digital-design
engineers who work for
the FPGA companies from
which Cisco buys chips.
These digital-design engi-
neers just don’t speak the
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language of analog- and
power-system designers. In
one case, a digital-system
engineer told Thomas that
a chip needed a power-
noise spec of —-20 dB. “A
decibel is a relative meas-
urement: 20 dB down from
what?” he asked. The other
engineer just insisted that
the power noise had to be
—20 dB.

Thomas knew it couldn’t
be dBm (decibels refer-
enced to milliwatts) or
some other power meas-

urement. “l need to talk

to someone else,” he

said. The digital engineer
protested but finally put
another engineer on the
phone. That engineer also
could not give Thomas a
reasonable spec. “l need
to talk to someone else,”
Thomas said. It took about
four people, but the FPGA
vendor finally got some-
one on the phone who
spoke the language of
analog-power design. Once
Thomas got a valid power-

noise spec from that en-
gineer, he proceeded with
his design.

Remember this anecdote
when you deal with digital-
chip vendors. They have
the best intentions and
want to help you, but be
sure that you are talking to
someone who understands
the analog care and feed-
ing of digital chips. It is
guaranteed that the digital-
chip company has a person
like that on the payroll; you
just have to seek him out.




Figure 4 The bond wires inside an IC

are in parallel and have low impedance
(orange). The PCB traces you connect to
those pins (blue) are more troublesome.
For clarity, the IC die is not shown (cour-
tesy Ansys).

You must trust that the IC designers
have done their job and that the chips
you use have no power-integrity prob-
lems. “ICs and their bond wires are not
that critical in power integrity,” says
Ansys’ Patel, because IC power pins and
bond wires are all in parallel (Figure 4).
Instead, the layout engineer, who may
lack the technical knowledge to avoid
power- and signal-integrity problems,
determines the power plane’s shape,
often causing the problems, according
to Steve Kaufer, engineering director for
HyperLynx at Mentor Graphics

Power-integrity software helps you
with dc and ac problems, as well as with
the fact that the cavities between the
power and ground planes are RF wave-
guides. To deal with the dc problem,
you must ensure that the PCB planes
can carry the current they must deliv-
er. To deal with the ac problem, you
must ensure that the power system can
deliver the fast transient currents that
modern chips require. Finally, note that
the behavior in the waveguide may be
nonintuitive. This RF aspect is impor-
tant in preventing EMI (electromag-
netic-interference) problems that will
cause your board to fail FCC (Federal
Communications Commission) certifi-
cation. [t is important to use simulation
if your design has large planes, which
can resonate. Adequate software simula-
tion can help your EMI engineer solve
problems if your planes spew RF from
the interplane cavity. The fix might
involve placing capacitors around the
edges of the board. Sun Microsystems
has patent 6727780, which uses resistors

in series with capacitors so RF energy is
absorbed at the edge of the board instead
of reflected back into the structure.

The digital chips require high cur-
rents, which may cause dc-power-deliv-
ery problems (Reference 2). FPGAs
and other digital chips need many
power-supply voltages, so you must
divide your power planes to deliver
multiple power rails. Digital chips also
have hundreds of pins whose fan-out
traces require hundreds of vias that wipe
out large areas of copper in power and
ground planes. You must ensure that the
current density in the copper you select
for the planes stays below a reasonable
value (Figure 5).

High dc current also causes thermal
problems. The temperature coefficient
of copper is 0.4%/°C, meaning that
it adds 10% more resistivity for every
25°C increase in heat. That increase
in resistance occurs under heavy loads,
when reliability is critical. The increase
in resistance also increases temperature,
reducing the lifetime of the components
on the board.

Once you have enough copper to
supply the dc load, look at the ac design
of the power plane (Figure 6). Power-
integrity simulation lets you examine
where the return currents flow in your
planes. During operation, a digital chip
draws radically different current levels,
which change in nanoseconds. Your

Figure 5 With power planes so convo-
luted on modern PCBs, it is important
to check that there is enough copper to
carry your required current. The yellow
areas in this simulation have insufficient
copper (courtesy Mentor Graphics).
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Figure 6 Transient
currents and simultaneous
switching can cause noise spikes
on power and ground planes
(courtesy Mentor Graphics).

power system must have low enough ac impedance that the
large changes in current, expressed as di/dt (derivative of cur-
rent over the derivative of time), do not create large power-
supply-voltage changes at the chips’ pins. Because di/dt also
radiates electromagnetic energy, these excursions can cause
EMI problems. As a result, signal integrity, power integrity,
and EMI compliance all interrelate. Without simulation,
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your design may experience via-to-via crosstalk and other
issues that might seem inexplicable.

SOFTWARE CHOICES

The physical geometry of a power network is critical to its per-
formance, so most software vendors use field-solver technol-
ogy in their power-integrity tools (Reference 3). These tools
should give you a fast answer and accurate results. RF-IC and
system designers routinely use full-wave field solvers to solve
Maxwell’s equations in 3-D. However, 3-D field solvers take
a long time to achieve a result, especially if you apply them to
a relatively large physical item, such as a PCB. Accordingly,
power-integrity vendors design hybrid solver technology into
their power-integrity tools. While solving for traces, these
tools might use a 2-D solver with a fast technique employing
transmission-line theory. For simulating planes, the tools can
use 2-D or 2.5-D finite-element techniques. In some cases,
the software can model vias using a lumped-element capacitor
and inductor model. The tools apply a full-wave 3-D solver
to the vias for accurate results.

You would also use a full-wave solver to simulate the effect
of 3-D structures, such as connector pins and other mechanical
devices in the power path. Software vendors also put thermal
analysis in their tools. You can use this feature alone or export
the thermal information to a specialized thermal-analysis tool,
such as Mentor Graphics’ FloTherm, a CFD (computation-
al-fluid-dynamics) 3-D simulation environment. Mentor’s
HyperLynx simulation tool can do its own thermal analyses
and export the results to FloTherm so that you can model the
thermal performance of an entire system or an enclosure.

Agilent has re-engineered its ADS (advanced-design-
system) Momentum product to provide simulations results
when you have heavily perforated power and ground planes. It
also accommodates designs that need a few signal traces in the

GROUND VOLTAGE

GROUND |

vourace 1Ml |

Figure 7 You can model the impedance of the part connections
to voltage and ground planes using a lumped-element approxi-
mation. The RL element is a series resistance and inductance
(courtesy TechDream and NEC).
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planes. MOM (method of moments),
the fastest simulation method for mul-
tilayer structures, solves full 3-D fields,
including all of the terms in Maxwell’s
equations. This full-wave approach
accounts for the high-frequency effects
of Faraday’s Law and the displacement
current term that Maxwell added to
Ampere’s Equation (Reference 4).
Using MOM to simulate large planes is
time-consuming, so Agilent invented
algorithms that reduce the time nec-
essary for achieving accurate results.
The tool works down to dc using a tree/
co-tree method, according to Colin
Warwick, product owner for high-speed
digital at Agilent.

You can also adapt lumped-element
analysis to planar elements. NEC’s
PIStream software models planes as
matrices of lumped elements, making it
suitable for analysis using Spice engines
and other lumped-element techniques.
For a plane, the software generates an
RLGC (resistance/inductance/conduc-
tance/capacitance) equivalent using the
PEEC (partial-element-equivalent-cir-
cuit) technique. The software similarly
generates lumped-element models for
the vias and cavities that form between
the ground and the voltage planes
(Figure 7). The software also models a
decoupling capacitor using a series RLC
(resistance/inductance/capacitance)
model that combines the parasitic resis-
tance and capacitance of the capacitor
with the parasitic resistance and induc-
tance of the fan-out traces and vias. You
can set up a simulation run to quickly
perform single-pair analyses. When you
change settings, the software will per-
form a multilayer analysis that takes into
account all relevant planes.

In addition to simulating the physi-

cal configuration of finished boards, a
software tool such as HyperLynx lets you
perform early-stage floorplanning of your
planes and decoupling structure. You can
then quickly run an analysis to give you
some idea of the transfer impedance and
other variables. Giga Hertz Technology
has developed a faster Spice engine and
integrated it into NEC’s PDN (power-
delivery-network) Expert. With these
floorplanning tools, you can manually
sketch the PCB and plane and optimize
the capacitors earlier in the design. Thus,
you get an idea of the plane’s shape, size,
stackup, and capacitor count.

Some power-integrity-software ven-
dors from the PC world, such as Mentor
Graphics and Cadence, integrate their
tools into the design flow. Although it
is reassuring to have one vendor sup-
plying all the tools, the power-integrity
simulation uses a physical representa-
tion of the PCB and makes a geometric
model. Ansys and Sigrity both accept
inputs from Cadence’s Allegro; Mentor
Graphics’ PADS; and tools from Zuken
and Altium. Agilent derives its power-
integrity tools from its significant exper-
tise in RF design. In addition to working
with the ADS design tool, the com-
pany’s EMPro software can import PCB
data from Cadence’s Allegro. Customers
often use NEC’s PIStream with Zuken's
PCB tools, but the software can accept
inputs from Cadence’s Allegro and
other PCB software.

Although some engineers prefer that
their board flow has integrated tools, get-
ting tools from a simulation expert, such
as Ansys, has some advantages. For exam-
ple, the company’s SI (signal-integrity)
Wave tool is similar to Mentor Graphics’
HyperLynx, and a PIAdvisor tool helps
you delve into power-integrity issues. The
tools have 3-D solvers for simulating vias.
You can also use the Ansys HFSS (high-
frequency-simulator-system) tool for full
3-D simulations of physical problems,
such as connectors and other 3-D geom-
etry. Some customers import the output
of the Ansys power- and signal-integrity
tools to the same HESS tool they use to
model the enclosure. In that way, they
can evaluate their product’s EMI. CST’s
(Computer Simulation Technology’s)
EM Studio software imports Gerber PCB
files and can calculate 3-D IR (current/
resistance) drop.

The software you select must have
the capabilities you need. Many com-
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panies expect that you will solve the
signal- and power-integrity problems
separately, assuming that, once you suf-
ficiently reduce the power impedance,
you will then look at signal integrity. The
problem with this approach is that power
and signal noise interacts. To offset that
problem, Sigrity allows you to simulate
the effect of power noise on signal integ-
rity (Figure 8). CST’s Microwave Studio
also lets you analyze noise propagating
from power planes in close proximity.

STICKER SHOCK

The price of power-integrity software
often shocks inexperienced engineers.
A simple dc simulator can cost $15,000,
and a full-blown system with power-
integrity, signal-integrity, and thermal
solvers can cost as much as $75,000.
This figure may seem high for software
until you consider the costs of power-
integrity failure. A complex board spin
can cost $5000 or $10,000 in fabrica-
tion and engineering and $1 million
in time-to-market expenses. Another
consideration is the BOM (bill-of-mate-

rials) cost of your system. If your power-
integrity software can save you 50 cents
in capacitors, you could recover the cost
of the power-integrity software in a few
months for a high-volume product.
Ansys’ Patel observes that three
engineers once did power-integrity, sig-
nal-integrity, and EMI analyses in isola-
tion. These days, although one engineer
may do EMI analysis, that person first
works with a person who performs both
power- and signal-integrity analysis, and
they often all share the same software.
Sigrity’s Brim notes that IBIS (input/out-
put buffer specification) 5.0 has power-
ground and signal data that allows your
simulation software to relate the noise
on the power pin of a 5.0 model to the
noise that leaks through to the output,
similar to the PSRR spec in an analog
part. All of these features combine into
one unified effort to give your company a
solid, well-designed product (Figure 9).
If you understand and know how to
use these expensive tools, your worth
as an engineer increases. Learning the
tools is not hard for engineers who
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Figure 8 If your simulation software assumes ideal power (red), the signal excursions
to ground (blue) will look much better than reality (a). Once you add in the noise on the
power and ground planes (b), you can see a significant effect on the signals to both
low levels (blue) and high levels (green, courtesy Sigrity).
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Figure 9 A narrow power plane (red) is
difficult to properly decouple. Software
can help you locate the 11 decoupling
capacitors in strategic places (white).
This approach works better and uses
fewer capacitors (courtesy Sigrity).

embrace CAD (computer-aided-design)
software. Mentor Graphics offers free
workshops for HyperLynx at many of
the company’s sales locations. If you are
experienced with other types of simula-
tors, you will have little problem learn-
ing power-integrity tools. You need to
learn and understand the concept and
lingo of the frequency domain, just as
an RF designer does. By adding that
knowledge to your time-domain exper-
tise, you can take on the toughest design
challenges and come out a winner.EbN
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Art and design: Jim
stands in front of a
creative spread he

did of the innards
of a Minuteman
missile, which
hangs in his living
room (courtesy
Linear Technology)
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JIM WILLIAMS

EDN’S PAUL RAKO, INDUSTRY EEs, AND OTHER CO-WORKERS AND FRIENDS REFLECT
ON THE LIFE AND WORK OF JIM WILLIAMS, AN ENGINEER’'S ENGINEER AND ANALOG
EXPERT, WHO DIED UNEXPECTEDLY ON JUNE 12,2011, AFTER A STROKE.

BY PAUL RAKO « TECHNICAL EDITOR

orld-famous analog guru Jim Williams, who helped found and expand Linear
Technology Corp, passed away peacefully at Stanford Hospital, Stanford,
CA, in the company of family and friends at 10:15 p.m. on June 12, two days
after suffering a massive stroke. Along with his wife, Siu, and son, Michael,
he leaves behind an analog community—and electronics industry at large—
enriched by his many contributions, both personal and technical, that will
continue to ripple for decades to come.

Jim had just returned to work from a
well-deserved vacation and was excited
about his next two articles for EDN.
One, concerning sine-wave oscillators,
is currently slated for the Aug 11, 2011,
issue; the other will be his last article for
EDN: a brilliant description of develop-
ing a 100A electronic load, currently
scheduled for the Sept 22, 2011, issue.
No one imagined at the time the article
was submitted that it would be his last
for a publication whose relationship

32 EDN | JULY 14, 2011

with Jim goes back more than 35 years.

Jim was pleased with that article. He
often told me that it was one of the few
technical projects in which “everything
just worked perfectly.” He said it was
rare to have all the parts of a complex
design go so well. When he confided
this feeling, I couldn’t help but think
how his awesome talent had to play a
part in the ease of the design.

Jim’s background was as interesting as
the circuits he designed. You might say

that he “lacked credentials.” He took one
semester of psychology at Wayne State
University in Detroit. When Jim was
growing up, however, a neighbor shared
with him his garage full of big, beautiful
Tektronix oscilloscopes. As a result, Jim
developed a passion for electronics, and
especially for test equipment. His passion
led him to the Massachusetts Institute
of Technology—not as a student but as
a lab technician who built hardware for
the scientists and kept a slew of sophis-
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ticated test equipment working. The
department head once told Jim that a
certain piece of equipment was beyond
repair. That’s all Jim needed to hear.
Always up for a challenge, Jim fixed it
in three weeks.

Test equipment must be more advanc-
ed than the circuits it tests, so learning
the design of test equipment turned Jim
into one of the best analog engineers in
the world. He never confused descrip-
tion with understanding. When he gave
seminars on how to design piezoelectric-
transformer lamp drivers, he pointed out
that professors who fill the blackboard
with math don’t know how a circuit
works. He believed that, although math
can describe how a circuit works, under-
standing how it works is a more funda-
mentally intuitive and poetic endeavor.

In 1975, while still working for MIT,
Jim wrote his first article for EDN,
“Heavy-duty power supply regulates
either voltage, current, or power” (avail-
able online on the Jim Williams archive
page at www.edn.com/jimwilliams). The
article, like those that followed, stressed
the need for a deep understanding of
underlying concepts. Jim neither talked
down to his readers nor tried to show off.
A brilliant teacher, he simplified things

[www.edn.com]

This page

(top to bottom):

Jim and his wife, Siu;
young Jim at Linear
Technology; Jim at work
at his lab bench; one of
Jim’s four lab benches
at work; one of Jim’s
many electronic sculp-
tures (courtesy Fran
Hoffart)
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until you understood them, and he made
things look simple. Anyone can learn
jargon and a few tricks and secrets to
try to look smarter than they are. Jim
was the exact opposite. He painstakingly
described the basic principles of opera-
tion of the topic he was discussing—be
it how application engineers should serve
the customer (June 25, 2009), measuring
settling time (March 4, 2010), or design-
ing an acoustic thermometer (April 21,
2011). He then showed you how to
achieve your goals for your designs.

Jim loved to get his hands dirty,
hacking on copper-clad boards and
brandishing a soldering iron rather than
instructing a technician about how to
perform these tasks—a great example
for generations of analog engineers. He
taught us all that doing the work your-
self gives you a far deeper understand-
ing of the design than if you just toss a
schematic to a hapless technician.

“Jim lived electronics,” says Bob
Dobkin, founder of Linear Technology
and the victim of many of Jim’s pranks.
“Electronics—along with humor—was
his art.” Jim’s belief in building your
own prototypes and testing them taught
tens of thousands of engineers the right
way to get a working design from scrib-
bles on a paper napkin to production.

For one so brilliant, Jim was modest,
quiet, and articulate. His joining Linear

EETimes editor Bill Schweber also
published a touching tribute to
Jim: www.edn.com/110714df2a.

View additional photographs of
Jim in the EETimes photo gallery
at www.edn.com/110714df2b.

Technology in the earliest days also made
him wealthy, but it was hard to tell from
his manner. He was never condescend-
ing, despite his wealth and talent. Jim
loved to talk to fellow engineers, and
he meant talk. He had no use for e-mail,
a cell phone, or voice mail. It was OK
for engineers, readers, or editors to call
him while he was at work, though. He
especially welcomed hearing from fellow
engineers, saying that he learned as much
from them as they could learn from him.
Jim had a window office with a door,
but calls to his office phone almost
always landed at the lab bench where
he spent most of his time. He respected
the best in people. He didn’t care what
country you came from, what car you
drove, or what breakfast cereal you liked.
All Jim needed to know was that you
loved analog. He was approachable and
friendly, no matter what the situation.
In the late 1970s, Jim worked in the
Boston area—for Teledyne Philbrick,

Jim’s first article for EDN, “Heavy-duty power supply regulates either
voltage, current, or power,” was published on May 5, 1975. Read the
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article online at www.edn.com/jimwilliams. During Jim’s decades-long
association with EDN, he wrote numerous additional articles, many of
which also can be found on the Jim Williams archive page at www.edn.
com/jimwilliams. Below is a sampling of some favorites:

“Something from nothing,” Sept 15, 2005
“JFET-based dc/dc converter operates from 300-mV supply,” May 25, 2006
“1-Hz to 100-MHz VFC features 160-dB dynamic range,” Sept 1, 2005

“20-bit DAC demonstrates the art of digitizing 1 ppm, part 1: exploring design
options,” April 12, 2001

“The taming of the slew,” Sept 25, 2003

“A clock for all reasons, part 1: monolithic oscillator invigorates instrumenta-
tion applications,” June 26, 2003

“Thank you, Bill Hewlett,” Feb 1, 2001
“Precisely measure settling time to 1 ppm,” March 4, 2010
“An introduction to acoustic thermometry,” April 21, 2011

“Layout and probing techniques ensure low-noise performance,” Feb 2, 1998

| JULY 14, 2011

Arthur D Little, Consultek, and Analog
Devices. By the late 1970s, however,
the action in electronics was in Silicon
Valley, so Jim went to work at National
Semiconductor. “We tried to get him
to stay in Boston, but the call of the
West and all that action was too much
to beat,” says Dave Kress, a former co-
worker at Analog Devices.

While Jim was at National Semi-
conductor, several engineers left to form
Linear Technology, but Jim didn’t go
with them. “They didn’t have any chips
yet,” he said. “What did they need an
application engineer for!?” That situa-
tion soon changed, however, and Jim
joined Linear as the company’s first
applications person.

“Jim and I were good friends, even
at a distance and working for competi-
tors,” says Kress. “But we never person-
ally felt competitive. He was extremely
creative and productive.”

Dobkin encouraged Jim to write for
the trade press, to demonstrate the capa-
bilities of Linear Tech’s parts. Beyond
achieving that goal, though, Jim’s
articles also demonstrated his brilliant
command of analog design. He wrote
60 articles for EDN during the 1980s
alone. His natural emphasis on analog
gave EDN an analog tilt that continues
to this day. Loyal readers knew they
could learn the best principles of ana-
log design by just reading his articles.
Despite suffering from Parkinson’s dis-
ease, Jim never let it slow him down
or affect his prodigious output of work.

Jim’s effect was profound. Alan
Martin, himself a brilliant engineer, read
Williams’ articles, which instilled in him
alove of analog. As a result, Alan moved
from Colorado to Silicon Valley and
took a job at Linear Tech—just so that
he could work with Jim on a daily basis.

Jim had that effect on every engineer
around him. He made you want to do the
best work you could. He made you want
to solve the intractable problems. He
made you want to not just get it working
but to get it working in an elegant way.
Jim helped set the standard for analog
engineers the world over. That world
will miss his technical brilliance and his
warm personality. I know I will.

Jim leaves his wife, Siu, and son, Michael.
You can make donations in his memory to
The Parkinson’s Institute, 675 Almanor
Awve, Sunnyvale, CA 94085.
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FAMILY, FRIENDS, CO-WORKERS, AND EDN READERS HONOR JIM

Numerous people who had the pleasure of knowing Jim both personally and professionaly responded to the news of his death
with an outpouring of stories and favorite memories of Jim. These comments are a true testament to Jim’s life and work. Below

is just a sample. Read more online at www.edn.com/110714df2c:

“As Jim Williams’ son, nothing has been more touching and
comforting than being able to read about how much he will be
missed by all those that knew of him or were fortunate enough
to work with him. ... My father was a brilliant and ingenious
man, but what most people do not know is that he was also
an excellent father. ... He expected me to stick to my word,
treat people with respect, and, most important, to be loyal
and honest to myself and to those around me. ... His loyalty,
generosity, and moral discipline were only outranked by his
ability to make me feel like the proudest son in the world. ...

I will never forget our times together, whether we were driv-
ing around in his Jaguar XKE with the top down or discussing
our love for vintage electronic equipment over hamburgers.
You could find us on weekends at the De Anza electronics
flea market or watching the Niners take a pounding on TV.
Whether he was giving me advice on my love life or teaching
me how to find the fuel cap on a ’56 Chevy, | always listened,
eager to learn everything | could from him. | love you and miss
you, Dad.” —Michael Williams

“Original. Generous. Mentor. Friend.

For the past 23 years, Jim showed me how it should be
done:

Saturday mornings at Foothill.

How to be a student of the past and use it as a guide to the
future.

Why giant slide rules are cool.

The joy of a home lab and the beauty of growing up with a
hobby and a job that are one and the same.

Funky electronic art.

How to pay attention to details and question every
measurement.

How to write and speak with style and humor so that
whether your audience is one or 1000, you are just being
yourself.

How to mentor junior engineers with patience and grace,
while helping them discover the same enthusiasm that you
feel.

How to maintain scientific integrity and ignore politics.

How to give credit and praise when it is earned.

How to be ever mindful of the needs of other people.

How to live your life to the fullest by sharing what you love
to do best with those around you.

Thank you, Jim.” —Bob Reay, vice president, mixed-signal
products, Linear Technology Corp

“Many years ago ... | needed an oscilloscope, and the obvious
source for advice on anything lab-related was Jim Williams.

| explained what | was looking for, and Jim said | was in

luck: He had just bought a broken Tektronix 453 scope at the
Foothill flea market. As | stood at Jim’s bench, pondering
exactly why | was ‘in luck,’ he reassured me that this scope

[www.edn.com]

would suit my needs and that he would have it fixed in no
time. He offered to sell it to me for the $65 it cost him at the
flea market; however, there were conditions attached.

A few days later, Jim brought the scope in to work and
spent about five minutes explaining the features. He spent 10
minutes explaining how these features differed from those of
comparable scopes, and then another 15 minutes explaining
how to care for the scope. He showed me how to keep the
tube in good condition and how to ensure that the filter for the
cooling fan had adequate airflow. He explained how the past
owners had taken good care of this instrument, and his first
condition was that the new owner do the same.

Anybody who worked with Jim knew that he devoted as
much care to the upkeep of his lab equipment as he did to the
performance of his circuits. Few people will ever approach
Jim’s knowledge of electronic instrumentation. Even fewer
will treat such instruments with the same level of care and re-
spect. His final condition for parting with the scope was that it
be used for something productive and profitable! Jim’s devo-
tion to his work and to the tools of his trade will be missed by
all of us.”—Sam Nork, director, Boston Design Center, Linear
Technology Corp

“I have known Jim Williams for 30 years. | have known him
as the consummate engineer, scientist, writer, humorist, and
family man. In all areas that Jim ventured, he excelled. His
combination of personal integrity, drive, and humble interac-
tion with other people drew many friends.

Jim’s intuitive understanding of electronics enabled him to
design complicated circuits in his head, which he tested with
real parts to prove the circuits. The ability to design circuits
also requires analysis of the results of the testing. His strong
analytical ability ensured test results were correct and circuits
were well-understood.

Jim took his developments and turned them into words
for publication. He helped engineers of all ages understand
circuits intuitively like he did. There are few sources for ad-
vanced circuit understanding and design—especially the way
it was taught by Jim. ... In all the time I’'ve known Jim, | have
never known him to refuse to help someone with a circuit.

While Jim’s vocation, avocation, and hobby were electron-
ics, he had a great sense of ... art. His electronic sculptures
are unique, beautiful, and functional. He built these structures
(with much cursing) and careful selection of aesthetically
pleasing functional parts. He [also] had a great sense of hu-
mor, which was often foisted on his friends, myself included.

[Jim] was a dedicated father to his son, Michael, and hus-
band to his wife, Siu. Both of these people were very much a
part of his life. A successful poet is the rarest of all vocations.
Jim Williams was unique: a poet who wrote in electronics.” —
Bob Dobkin, co-founder; vice president, engineering; and
chief technical officer, Linear Technology Corp

JULY 14,2011 | EDN 37



BY ARCHANA YARLAGADDA ° CYPRESS SEMICONDUCTOR

Simplifying multichemistry-
battery chargers

hen charging multichemistry batteries

with different cell capacities, the bat-

tery voltage can be higher or lower than

the supply voltage at various stages of

the charging. Thus, the supply voltage

needs to be either boosted or attenu-
ated to match the battery voltage. For example, a supply
voltage of 3.3V must be attenuated, or bucked, when a
single-cell NiMH (nickel-metal-hydride) battery with a typi-
cal voltage of 1.25V is being charged. When a single-cell,
4.1V lithium-ion battery is used, the input voltage needs to
be boosted. To address such cases, you should use a SEPIC
(single-ended primary inductor converter) as the primary
charge path (Reference 1). This topology of switch-mode
dc/dc conversion can both buck and boost a range of voltages
to provide supply-voltage flexibility.

Lithium-ion and NiMH chemistries require different
charge profiles, but you can easily use the same flexible
charging topology for both. You implement the flexibility and
simplicity in switching from one type of battery chemistry to
another by using firmware on a microcontroller. By designing
a modular charging subsystem and encapsulating functions
into various modules, you can implement the same applica-

tion using different microcontrollers in a family, depending
on system requirements. The use of modules simplifies designs
to allow developers to add battery charging to another main
application, such as motor control and medical measurements
(Reference 2).

To control the charging current, a battery charger must
determine the battery’s voltage, current, and temperature.
The hardware to determine the state of the battery is com-
mon to the batteries, and the battery voltage can be higher
or lower than the input range of the microcontroller. Thus,
engineers usually measure the voltage using a resistor-divider
circuit to attenuate the voltage. They can measure the
current on the high side—that is, the current going into
the battery; on the low side—that is, the current leaving
the battery; or, in the case of SEPICs, by using a resistor
in the secondary side of the inductor. The batteries usually
have embedded thermistors that can be used to monitor
and ensure the accuracy of the battery’s temperature. Some
commercial-battery manufacturers omit these thermistors
to reduce cost. In such cases, users can place an external
thermistor in contact with the battery.

Using these measurement parameters, the microcontroller
determines and controls the charge current into the battery.
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From the battery charger’s perspective, the main difference between lithium-ion-battery chemistry (a) and NiMH-battery

chemistry (b) is the charge profile.
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A state machine with predefined voltage, current, temperature, and time-out values can simplify the battery-charging profile

for lithium-ion and NiMH batteries.

From the battery charger’s perspective, the main difference
between chemistries is the charge profile (Figure 1 and
Reference 3). Lithium-ion batteries use a constant-current,
constant-voltage charge profile. If the battery voltage is lower
than the constant-current threshold at start-up, the battery
charger supplies a small amount of current—approximately
10% of the battery capacity. During this preconditioning
stage, the battery’s voltage gradually increases with the charge

L, b

current. When the voltage reaches the rapid-charge thresh-
old, the microcontroller increases the charge current to
approximately 100% of capacity. This constant-current stage
is maintained until the battery voltage reaches the specified
voltage. The battery charger then enters the constant-voltage
stage, during which the charge current decreases while the
battery voltage remains at the specified voltage. When the
current decreases until it reaches the termination current,
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Depending on the battery chemistry you choose, the microcontroller goes through the state machine of the battery and
controls the charge current. The external hardware for sensing and controlling battery charging is the same for both chemistries.
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You use a graphical user interface to enter the parameter limits of battery chemistries.

the battery voltage remains the same, and battery charging
terminates.

The current in the battery changes by a few degrees Celsius
during charging. If any of the battery conditions—voltage,
current, or temperature—are outside the specified range for
the corresponding battery-charger stage, the battery charger
shuts down the charging for protection.

The first two charger stages of an NiMH battery are similar
to those of a lithium-ion battery: activation with 20% capac-
ity and constant current with 100% capacity. A drop in the
battery voltage and a drop in temperature indicate the end
of the constant-current stage in NiMH batteries, whereas the
current remains constant. After this decrease in voltage, the
NiMH-charger profile enters a charge-top-off stage, during

LISTING 1 PSEUDOCODE

fdefina HIMH 1
#define BATTERY_PROFILE 0

vold main{)

i

Measure_Battery Parameters(); //Use ADC to measure V,
Get_Battery State():

Contrel PWM DutyCycle():

}

I and T

Get Battery Statel)
{

if (BATTERY_ PROFI LE == LIION)
//set battery state for Li-Ion
}
else if{BATTERY PROFILE == HIMH}
{
//set battery state for HilMH
1
else

{
[

/fbattery type error
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which the current decreases to a trickle level of approxi-
mately 5% of capacity. This stage provides a small amount of
charge current for a constant amount of time before charge
termination.

Using these charging requirements, you can simplify bat-
tery charging to different levels using a state machine with
predefined voltage, current, temperature, and time-out values.
The microcontroller’s state machine controls the state of the
battery and the amount of current required for battery charg-
ing. Figure 2 shows a simplified state machine for charging
both types of batteries.

Depending on the battery chemistry you choose, the
microcontroller goes through the state machine of that bat-
tery and controls the charge current. The profile for charging
a battery can be preprogramming, pre-start-up, or automatic
decision. For the first two methods, the microcontroller
derives the type of the battery from user input. In prepro-
gramming, the module software chooses the type of battery
charging, and the microcontroller is programmed with the
required profile. This type of decision suits applications in
which charging is an additional feature. In such applications,
the battery type is known for a product.

In pre-start-up, the microcontroller uses a conditional
check, which can be as simple as a switch position that the
microcontroller checks during start-up, to determine both
the battery profiles and the choice of profile. In automatic
check, the microcontroller automatically makes this deci-
sion after start-up and chooses the battery-charger profile by
detecting the type of battery. For example, a typical voltage
range for a single-cell NiMH battery is 0.9 to 1.25V, whereas
a lithium-ion cell’s voltage ranges from 2.7 to 4.2V. Similarly,
the temperature ranges also differ, and the microcontroller
can save and compare these values during start-up. The
automatic-check approach works only under certain condi-
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A battery emulator emulates the lithium-ion (a) and
NiMH batteries (b) to obtain the graphs in real time.

tions. In general, the preprogramming and preruntime deci-
sions work in most applications. This article focuses on the
preprogramming decisions for applications in which battery
charging is an add-on feature.

Both chemistries use the same hardware for sensing and
controlling the battery charger (Figure 3). To determine
the battery’s state voltage, current and temperature measure-
ments are made by multiplexing these inputs to an ADC
in the microcontroller. The firmware uses these values to
determine the state, and changing the duty cycle of the
PWM (pulse-width modulator) controls the charge current.
The PWM’s output connects to the gate of the MOSFET in
the SEPIC that controls the current flowing into the battery.
These steps involve the CPU and thus have some latency.
Some batteries, including lithium-ion cells, are sensitive
to overcharging and can become unstable at higher volt-
ages. Comparators add hardware-protection circuits against
overvoltage and overcurrent conditions. These comparators
shut off charging until a user resets them, or until the battery
reaches a safe condition.

Depending on the measured parameter values and
the battery chemistry, the CPU determines the state
of the battery and changes the duty cycle of the PWM
accordingly. Traditionally, the conditions the CPU
requires to detect the profile are constants in the code,

[www.edn.com]

and programmers manually change them (Listing 1).

When the profile requires modification, set the battery
profile to zero or one to switch between the two profiles. The
program saves the voltage, current, and temperature limits for
all of the states as constants, and they change accordingly.
If the same battery types require different voltage levels, you
must change the code to enter the new parameters, meaning
that the user of the application must be aware of the code to
change the profiles and limits for battery charging. By taking
a modular approach, you can enter parameters for changing
the battery-charger profile when you select the appropriate
IP (intellectual-property) blocks. Figure 4 shows the module
encapsulations for lithium-ion and NiMH batteries.

By using these modules, an application designer can add
the charger module to an application and set up the appro-
priate profile. The module also generates all of the other
hardware blocks, including the comparators and the PWM,
and the software state machines. Using a reprogrammable
architecture, such as Cypress Semiconductor’s (www.cypress.
com) PSoC (programmable system on chip), you can program
and implement hardware modules with the software applica-
tion. Developers used this method to program the hardware
in Figure 3 with NiMH-battery-charge profiles. Adding a
USB (Universal Serial Bus) module to the product allows the
developers to send the battery parameters to the computer.
The data was plotted using a software tool in C#, although
any other form of communication and a similar tool can be
used to plot the data. A battery emulator was used to emulate
the lithium-ion and NiMH batteries to obtain the graphs in
real time (Figure 5).

The current has switching noise due to the change of
voltage using a battery emulator. Because the voltage changes
faster when using a battery emulator, the response and set-
tling time of the PWM output in response to a change in
voltage is seen as switching noise. The change of voltage in
a battery is gradual, and switching noise is thus insignificant
with a real battery.

With a simple change in the firmware of an SOC (system
on chip), you can develop a multichemistry-battery charger
with the same hardware. Making modules of the profiles in
components facilitates battery charging as an added feature
to a main application.EDN
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Compensate for

four-wire sensor errors

Septimiu Pop and loan Ciascai,

Technical University of Cluj Napoca, Cluj Napoca, Romania

N Resistive pressure sensors that use
two resistive elements and four
wires are useful in pressure-monitoring
applications. When the pressure rises,
one resistance rises and the other falls.
Accurate measurements with resistive
sensors require compensation for losses
due to wire resistance, especially when
wire lengths are tens of meters. The
compensation method in this Design
Idea relies on the equal resistance of
wires: R =R =R, =R =R/ (Figure 1).
A microcontroller or computer can
calculate the resistance of the sensors
using a differential voltage across sen-
sor elements R and R_,. Resistances

R,, Ry and Ry and the sensor resis-
tance limit the current through R;, and
R,,. To measure the sensor values, the
circuit uses an Analog Devices (www.
analog.com) AD7705 ADC, which has
three pseudodifferential inputs that pro-
vide 16-bit resolution. In this applica-
tion, the AD7705 operates in buffered
mode—that is, the input bias current is
less than 1 nA. In buffered mode, the
analog inputs can handle large source
impedances, but the absolute input
voltage must be from ground plus 50
mV to the drain-to-drain voltage minus
L.5V. Resistance R, provides an input
common voltage.

VCC
L N3PF06 0
10 pH Q,
4 \AAAS 4
Ra l Cy Re
470 T 100nF 10k
Reer Vieers vCC |_O
05029)/ RESET———O 0
. 0 —_—
= Vier. CS—O MICROCONTROLLER
L1 ———0
o—Ani:  IC, MR
Rio AD7705 MOSI————O
A~ SCLK
0O
Rs1 R CLKIN
L3
Az —2 MHz
Rs» R CLKOUT
L4 - A
N2-— GND G, Cs
o T Iz7 PF Im PF
B
47 — — —

Figure 1 A measurement circuit measures the values at three points, and a micro-

controller can calculate the sensor values.
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The measurements depend on the
value of reference resistor R, .. For best
accuracy, R, .. must have a tolerance of
0.01% and must have a low tempera-
ture coefficient. To avoid sensor self-
heating, you should pulse the excitation
current; software through Q, controls
the pulse width.

The AD7705 performs the data
acquisition through three channels.
The sensors connect directly to the
AD7705’ input channels, which make
three successive acquisitions. Because
the excitation current is the same in all
sensor elements, the software computes
each input voltage for the sensor ele-
ments in the following sequence:

1. Ay, Ay, compute R ;
2. Ay, Ay, compute Ro+R 5
3. A Ay, compute R +R+R

You can compute the resistances R
and R, by subtraction. The AD7705 has
a PGA (programmable-gain amplifier)
that amplifies low input signals. The part
contains self-calibration and system-cal-
ibration options that eliminate gain and
offset errors in the part or in the system.

The pressure measurement also
depends on both the resistance ratio
and the temperature through the equa-
tion P=F(R_ /R, T). The parameter T
is a compensation factor for the resis-
tive sensors’ temperature dependence,

T=F(R +R,).
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LED-current limiter accepts ac or dc

Roger Griswold, Micrel, San Jose, CA
N LED drivers have lots of features

and require plenty of external
components. When your application
requires no PWM (pulse-width-modu-
lated) dimming or controlled frequency
operation, your primary concern may be
that too much current could damage or
destroy your LEDs. In this case, you can
make a simple LED-current limiter from
a common low-dropout linear regulator.
The circuit in Figure 1 is an LED light
bulb for a landscape-lighting system.
Landscape lighting typically operates
from 12V ac, and peak voltage is
approximately 17V. Because the regula-
tor is in series with the LED string, the
LED-string current equals the regula-
tor’s output current.

The circuit uses reasonably priced,
150-mA, warm-white LEDs; low-cost
rectifier diodes; and Micrel’s (www.
micrel.com) 2.5V MIC5209-2.5YS
regulator (Figure 1). The regulator
must source at least the required LED
current and handle the peak input
voltage minus the drop across two of
the four rectifier diodes and the drop
across the LEDs. Selecting a regulator
with the lowest possible output and

dropout voltages lets LED current flow
for a larger portion of each ac cycle,
and it reduces the power requirement
of current-setting resistor R . As output
and dropout voltages decrease, cost
increases. The regu-
lator sees the peak

You can easily modify the circuit
to accept almost any input voltage.
Simply change the number of LEDs
and make sure that the rectifier diodes
can handle the reverse voltage. Add
or subtract one LED for each 3.33V
increase or decrease in peak input
voltage. Don’t use LEDs for the rec-
tifier diodes to get more light output

voltage at approxi-
mately 5.1V and dis-
sipates approximately
0.2W.

The MIC5209-
2.5YS’ output volt- IN
age regulates to 2.5V 1N4148
between its output
and ground. R, sets
the LED-string cur-
rent using R =(2.5/

I.,), where I, is

1N4148

G5GP-FYGY-5R8T-Z

G5GP-FYGY-5R8T-Z

1N4148
12V AC

G5GP-FYGY-5R8T-Z

1N4148 4

1
IN
MIC5209-2.5YS OUT

GND
;
2 16.9

w

the LED-string cur-
rent. With a value
of 16.9Q for R, the
string current is 148
mA. The circuit has
slightly more than 2.5W peak dissi-
pation. With an ac input, the current
flows only about half the time, so the
average power dissipation is approxi-

mately 1.26W.

current limiter.

Voltage inverter employs PWM

Jeff Wilson, STMicroelectronics, Schaumburg, IL

N This Design Idea describes a cir-

cuit employing a small microcon-
troller-based sensor module with only
three connections: 5V dc, an RS-232
transmit-data output, and ground. A
dedicated single-voltage
level shifter or a dc/dc con-
verter would be too costly,
but the design still needs to
supply £3V at 1 mA to drive
the transmit-data pin.
Because a spare PWM (pulse-
width-modulator) output on
the 5V microcontroller could
drive +5 mA at nearly 5V, a
PWM-based voltage inverter
using a BAT54S dual-series

44 EDN | JULY 14, 2011

Schottky diode, two capacitors, and a
limiting resistor would produce the neg-
ative voltage (Figure 1).

The microcontroller’s PWM out-
put drives the inverter with a 1-kHz,

R1
180

PWM >>—«/vvj
0TO5V c

50% DUTY CYCLE

=

BAT54S —
SERIAL DUAL ~
DIODE

Figure 1 The diodes and capacitors produce a negative voltage.

G,
Io.1 uF

Figure 1 A low-cost regulator is the heart of an LED-

because LEDs don’t have sufficient
reverse-breakdown voltage and will
fail. The input bridge accepts either
ac or dc and negates the need to worry
about the polarity of a dc input.

50%-duty-cycle, 0 to 5V waveform.
When the PWM output is 5V, it charges
C,. The lower diode in D, biases in a
forward mode to connect the terminal
to ground. When the PWM output is
low, it transfers the charge in C, to C,
by forward-biasing the upper diode in
D,. Meanwhile, it inverts the charge
by taking the positively charged termi-
nal of C, nearly to ground
potential. When the PWM
output switches high again,
the cycle repeats.

Due to D,’s minimum
voltage drop of 0.2V, it is
impossible to get to =5V
from 5V, so the voltage out-
put will be approximately
—4.6V, with 0.2V loss in
each phase. The design
requires a limiting resistor,

-4.6V
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R,, only when the driving microcon-
troller is sensitive to the current tran-
sients when switching or if the switch-
ing transients disturb the analog inputs
on the microcontroller.

The PWM’s timebase is 1 kHz, so
component values must accommo-
date that frequency. If you need other
frequencies, you must calculate new

component values using the following
equation: C=1/(10xFxR), where C is

Form positive pulses
from negative pulses

the value of C, and C,, F is the PWM
switching frequency in hertz, and R is
the total resistance of the PWM'’s out-
put-driving circuit.

When calculating the total resis-
tance of the PWM output, you must take
into account the drive rating of the digi-
tal output. A simple substitution for the
value of R is V/A, where V is the drive
voltage of the PWM'’s output and A is
the current drive of the output in amps.

For example, the original values for this
design are R=V/A=5V/0.005A=10009,
and C=1/(10xFxR)=1/(10x1000
Hzx1000Q)=1x107, or 0.1 uE

You can also use this circuit as a neg-
ative-voltage supply for ADC/DAC and
op-amp dual supplies. For analog usage,
you probably need to use additional fil-
tering or micropower voltage regulators
on the output to filter out the switching
transients. EDN

Vladimir Rentyuk, Zaporozhye, Ukraine

N The circuit in this Design Idea converts negative
pulses to positive pulses. Although that task may seem

simple, the negative pulses have amplitudes of =5 to —2V.

The positive pulses also need different pulse widths, depend-

ing on the application, and the negative pulses are trapezoi-

5V
R,
5.1k
Ic,
<
[ -
SRG:k BCW33 74HC132 OUTPUT

10 Q,
INPUT D,

i

Figure 1 This circuit uses a single power supply and has good
noise immunity but doesn’t reliably convert pulses of trap-
ezoidal shape.

Figure 3 You can use this circuit to convert pulse polarity, but
it needs two power supplies.

pulse width doesn’t correspond to the input pulse widths.
You can calculate a threshold, V_, as V. =—[(V -V xR/
R,+0.62], where V__is the lower voltage threshold, V_ is
the power-supply voltage, and V is the high-level input
voltage of the 74HC132. Figure 2 shows the input and

output waveshapes.
Figure 3 shows a pulse shaper that can convert 3-psec
negative-polarity pulses to positive pulses. The output
pulse’s width is sufficiently close to the

dal. The pulses must travel over a

pulse width of the input pulse. This cir-

long-distance transmission line to a Outp cuit requires neither high input current
control device. Several circuits solve nor an inverter. It has a lower voltage
the problem, depending on the ampli- I T threshold than the circuit in Figure 1:
tude and shape of the pulses. | Input \_/ \L V. 2-0.3V, but the circuit in Figure 3
Figure 1 shows a circuit that needs needs two supply voltages: £5V. Figure
just one 5V power supply. Its high trig- E__?ﬁ_%_%’ 4 shows the waveforms for the circuit in
ger threshold maximizes noise immu- =%~ s - m. et Figure 3.
nity. This circuit requires a high input | [ Zose 5 s 2o ws 2 |‘?‘ Fim: The circuit in Figure 5 goes a step

s o) |G 1B

current that’s comparable to a collector
current. [t also needsa CMOS or TTL
(transistor-transistor-logic) inverter to
trigger on a threshold voltage. If the

) part of the input.
input pulse is a trapezoid, the output
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Figure 2 Output pulses are approxi-
mately the width of the most negative

further. It uses an inexpensive LM211
or LM311 IC comparator and produces
positive output pulses that fully corre-
spond to the pulse width of the input
pulse on its adjusted level (Reference

[www.edn.com]
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Figure 4 Pulse widths are a minimum of
3 psec.

1). Resistors R, and R, set the com-
parator’s threshold voltage, but it
depends on the value of the negative
supply’s voltage. You can calculate the
threshold voltage using the equation
V. =[V /(R+R 4)]><R " where V_is the
negative power-supply voltage. Figure
6 shows the circuit’s waveforms.

You can use the less expensive
LM211 comparator if the pulse width
is 2 psec or longer. Otherwise, use a
high-speed comparator. Doing so elim-
inates the need for the additional out-
put resistor, R . The LM211 requires
this resistor because of the IC’s open-
collector circuit. This circuit needs two
supply voltages.

The circuit in Figure 7 can con-
vert negative-polarity pulses to posi-
tive pulses where the output does not
depend on the amplitude of input puls-
es. This version uses a single supply and
a 555 timer (Reference 2). It produces
output pulses of positive polarity with
a desired pulse width. Resistors R and
R, establish a threshold of actuation.
You can calculate this threshold using
V. =V [3x(1-2R /R ), where V_is the
555’s power-supply voltage. Resistor R,
and capacitor C, set the pulse width.
The equation t=1.1R C, calculates the

5V 0 o
c, L

100 nF I 1 R,
- T GND Voo |8 3.9k
) IC, 7
+IN | Motip  OUT 3
10 ° 31N BALSTRIE o
X 4 5
INPUT ° ) Vee BALl>—0O  outpuT
R, SR, 3% =y

2 10k Sk ¢
o
100nF -

Figure 5 A comparator in this circuit produces accurate pulse widths.

1
2k 18k

l—7DIS

8 N Ic
2
5

T 05V
C3
T 100nF
Veo 4 -
RES |4 Rs
S M —08

LM555D
TRIG out
R3
1.5k CONT
1
INPUT R c c,
4 0

GND R c
1k 100 nF
o

Figure 7 This pulse converter uses a 555 timer.
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duration of the output high state. For
proper operation of the circuit, the
actuation pulse must be shorter than
the desired pulse width, and the pulse
period must be greater than t. Resistor
R, must have a value of at least 1.5 kQ.
Resistor R, is optional.

In contrast to the circuits in figures
1, 3, and 5, the circuit in Figure 7
operates on low-resistance loads, with
output source or sink current as high as
200 mA, or a high-capacity load. The
circuit requires no additional inverter
or driver. Resistor R, protects the IC
from short circuits at its output. Figure
8 shows the circuit’s waveforms.EDN
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Figure 6 Positive output pulses are
nearly the same width as negative
input pulses.

Figure 8 The 555 timer in Figure 7
produces positive pulses of the
desired width.
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India’s ROHS turns up the heat

he EU’s (European
Union’s) version of the
ROHS (restriction-of-

hazardous-substances) direc-
tive seems to be approaching
clarity, but India’s version of
ROHS appears to be as clear
as mud. The EU has officially
adopted a revised ROHS, which
clarifies a number of issues per-
taining to the measure and bans
six substances from electronics
products sold in Europe.
Under the original version,
the scope of products
that had to comply with
ROHS left a lot of room
for interpretation. The
revision tightens those
loopholes. Additionally,
the EU revision speci-
fies that cables and
various attachments to
electrical and electron-
ics equipment must
also comply with the
law, which bans sub-
stances such as lead,
mercury, and cadmium
from electronics prod-
ucts for sale in the EU.
India’s version, which
is moving closer toward
its May 2012 implemen-
tation, limits the use of
20 substances from electronics
products for sale in India. Global
distributor element14, which
provides updates and analysis
of global environmental legisla-
tion, has posted a summary of
India’s ROHS on its Web site
(http://bit.ly/muZp7Q). Accord-
ing to element14, the propos-
als on the disposal of WEEE
(waste electrical and electronic
equipment) do not say whether
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these substances are restricted
or that manufacturers should
attempt to avoid them; do not
state whether the threshold
values refer to the concentra-
tions in the finished product,
in homogeneous materials, or
in something else; provide no
exemptions or any mechanism
for requesting exemptions; and
lack clarity of limits.
Inconsistencies among global
environmental laws are ongo-
ing concerns in the electron-

ics industry, which must greatly
modify processes and materials
to meet ROHS requirements.
The ban of lead from solders
in manufacturing has been
particularly irksome because
unleaded substitutes have
worse performance than do
leaded substances.

The element14 proposal also
notes the next set of challenges,
including a requirement that

medical equipment adhere to
the ban, whereas the EU version
currently does not. India’s ROHS
also bans substances, includ-
ing some flame retardants, that
have no viable alternatives.

Similar to the EU legislation,
India will require manufacturers
and importers to supply only
ROHS-compliant products and
to provide written documen-
tation supporting compliance.
This struggle has been ongoing
in the electronics supply chain
because document-
ing compliance often
requires the disclosure
of information that com-
ponent makers regard
as proprietary.

There’s no question
that electronics manu-
facturers will adhere to
these measures. The
industry has, with some
difficulty, complied with
the EU’s ROHS. In the
past two years, China
has passed its version
of ROHS, and India now
also has. The European
Union is an important
but relatively small mar-
ket for electronics man-
ufacturers. China and
India, on the other hand, are the
two largest markets for electron-
ics products. Electronics manu-
facturers need to come up with
new ways to build their products
and keep users safe; otherwise,
the race is on to develop new
flame retardants.

—by Barbara Jorgensen,

EBN Community Editor

This story was originally posted
by EBN: http://bit.ly/jKIYHS.
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APPLE SPENT
$17.5BILLION
ONCHIPSIN20107%

Apple Inc (www.apple.com)
has become the leading
buyer of semiconductors
among OEMs, according

to IHS iSuppli (www.isuppli.
com). Thanks in large part
to demand for its iPad tablet
and iPhone smartphone,
Apple in 2010 bought $17.5
billion worth of semiconduc-
tors, a 79.6% increase from
$9.7 billion in 2009.

IHS iSuppli notes that
Apple is likely to continue
increasing its semiconductor
spending during the coming
years at an above-average
pace in 2011 and beyond.
The market-research
company expects Apple’s
semiconductor spending
to exceed that of Hewlett-
Packard (www.hp.com) by
$7.5 billion in 2011, up from
$2.4 billion in 2010, for a
total of $22.4 billion that
Apple will spend this year on
semiconductors.

The spending illustrates
consumer trends toward
mobility. IHS iSuppli reports
that Apple, which has
heavily bet on mobility, spent
approximately 61% of its
semiconductor budget in
2010 on wireless products,
such as iPhones and iPads.
According to IHS iSuppli
data, Apple placed its bets
wisely. Smartphone ship-
ments in 2010 rose 62%,
and tablet shipments were
up by more than 900%.

—by Suzanne Deffree
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OPTOELECTRONICS AND DISPLAYS

2A, single-inductor RGB-LED driver
targets use in portable projectors

The 2A LM3435 driver for portable projectors sequentially drives three

common-anode high-brightness RGB LEDs with one inductor. The device
includes an I?’C control interface for LED-current control. Other portable- or
pocket-projector LED designs require a separate driver for each red, green, and blue
LED, and each circuit requires an inductor. Such designs are bulky and costly,
comprising multiple components to accurately drive the LEDs. These projectors
are often smaller than a 2.5-in. hard drive, posing space constraints. By sequen-
tially driving three RGB LEDs at 60 Hz or higher speeds, the LM3435 matches the
operation requirements of liquid-crystal-on-silicone or digital-light-processing
devices and requires only one inductor and a few passive components. The LM3435
sells for $4.50 (1000).
National Semiconductor, www.national.com
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Integrated LED
driver aims
at LCD-backlighting
displays

The UBA3077 for use in back-

lighting LCDs has 94% efficien-
cy, enabling designers to engineer thin-
ner LCD panels with less power con-
sumption and heat dissipation. The
UBA3077 comprises three independent
channels, each with its own integrated
boost converter and current source,
making the application’s design immune
to extra heat dissipation due to voltage
mismatch in the LED strings. The
device features integrated MOSFETs for
boost converters and current sources
and has individual PWM controls for
each channel. Operating
with a supply of 10 to
42V, the UBA3077
can drive as
many as three
strings of 20
LEDs, each
rated as high
as 150 mA. The
device sells for
$3.20 (1000).
NXP Semiconductors,
WWW.Nxp.com
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Find more new-product coverage in
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LED-driver IC for back-
lit LED TVs has low
power consumption

The R2ZA50106FT LED-driver IC

for LED backlights has 20% lower
power consumption than other units.
The device has eight constant-current-
driver channels that can drive high-
luminosity LEDs, reducing the need for
external components
and easing the design of
high-luminosity-LED-
backlight systems.
Optimal voltage de-
pends on factors such as
the LED, or forward
voltage, and the output
volume, or number of
elements that connect in series. On-chip
protection functions include the ability
to detect open or shorted LEDs row by
row; when a fault occurs, the driver stops
operation of only the affected row. The
R2A50106FT sells for $2 (one).
Renesas Electronics,
http://am.renesas.com

S
OIN

LED-backlight driver
suits medium and
large displays
N The multioutput A8516 white-
LED/RGB driver for backlighting
LCD monitors and TVs integrates a
boost controller to drive an external
MOSEFET. It also includes six internal
current-sink channels that can sink as
much as 80 mA each, and designers can
combine channels to achieve even high-
er currents. The boost converter operates
in programmable constant-frequency
current-mode control. An external resis-
tor sets the LED sink current, and PWM
dimming allows the control of LED cur-
rents. The A8516 protects against over-

voltage, open or shorted LED strings, and
overtemperature. A dual-level, cycle-by-
cycle current-limit function provides soft
start and protects against overloads. The
device sells for $1.54 (1000).

Allegro Microsystems,
www.allegromicro.com

Hot-tested LED
requires no
binning
Hot-tested and specified
at ajunction temperature of
85°C, the Luxeon A LED ensures real-
world operating-condition performance
and simplifies the design process. The LED
needs no binning, typically a burden on
luminaire manufacturers. All Luxeon A
emitters fall within a single three-step
MacAdam Ellipse at 2700 and 3000K and
deliver superior quality of light with color
consistency from unit to unit. Prices start
at $4.44 (one).
Philips Lumileds,
www.philipslumileds.com
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TALES FROM THE CUBE

Unable cable proves stable

t was another quiet day in my department, component engi-

neering, which was responsible for ensuring the quality of

vendor-supplied components. The peace ended when a call

came from manufacturing, informing us that the production

line had stopped due to a failing communications cable. The

shift manager explained that the manufacturing department
had exhausted its stock of working, 50-foot RS-232 cables, which
our company had procured from two vendors. During final testing
of the entire machine, cables from Vendor A usually failed, but
cables from Vendor B always worked fine. When a cable failed,
workers tossed it into a nearby box but did not discard it. Finally,
manufacturing had exhausted its supply of cables from Vendor B
and had no more working cables from Vendor A.

At the time, I was unaware that,
before I joined the department, manufac-
turing had submitted Vendor A’s cables
to testing to find out why they had failed.
I reviewed the filed test report and found
that the extensively tested cables not
only met but exceeded specifications. |
retested a few samples from each vendor
and found that Vendor A’s cables in fact
met and even exceeded specifications. I
went to the production line and asked
operators to run the final test run using

a previously failing cable from Vendor
A. The test program failed at one step.
To understand what that step was, |
reviewed the code for the test program.
It was, however, in a language unfamiliar
tome. So [ asked to talk to the program’s
author. [ then learned that the program’s
author was unavailable because the prod-
uct had come from another—now shut-
tered—manufacturing location. Test
code and test fixtures had come from
this remote manufacturing plant. After

seeking help with deciphering the code
and noting that test fixtures included
a “wrap-back” plug for the remote end
of the RS-232 cable, I found the prob-
lem: At the failing step, the test program
activated a DTR (data-terminal-ready)
signal and then tested to verify that a
DSR (data-set-ready) signal activated
as a response. Because the test did not
include an external modem, it relied
on a jumper wire in the wrap-back plug
between DTR and DSR. The wrap-back

plug simulated the presence of a modem.

CABLES THAT WE
CONSIDERED GOOD
WERE INFERIOR IN THAT
THEY HAD SUFFICIENT
CROSSTALK BETWEEN DTR
AND DSR SIGNALS TO
FOOL THE TEST PROGRAM.

For those of you who have long
since forgotten RS-232 standards, this
handshake sequence was the normal
one between a machine and a modem.
Inspection of the wrap-back plug showed
a missing jumper between DTR and
DSR. The obvious question then was
how either vendor’s cable could pass the
test. Further experiments showed that
crosstalk from DTR to DSR with Vendor
B’s cables was so large that even without
a jumper in the wrap-back plug, enough
signal was returning on DSR through
crosstalk that the test could assume that
the machine was OK. Vendor A’s well-
made cable had low crosstalk, causing
the test’s failure. Cables that we consid-
ered good were inferior in that they had
sufficient crosstalk between DTR and
DSR signals to fool the test program.
By installing the missing jumper in the
wrap-back plug, all those assumed bad
cables from Vendor A suddenly allowed
production to resume. Luckily, produc-
tion had saved them so long that there
was a large stock on hand.Ebn

Jim Sylivant is a professional engineer

in Apex, NC.

www.edn.com/tales
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TWO POWERFUL BRANDS TOGETHER

ONE POWER-PACKED

We are thrilled to announce the coming together of element14 and Newark into one powerful entity—the all-new element14.
We will continue to provide the great products and personal service we're known for, plus a significant new product
expansion, and much more. The vision is a single destination that offers an unprecedented range of technical data, innovative
tools and services, meaningful community and expert engagement, and the best component shopping experience ever.

Learn more about our combined vision at www.newark.com/together
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Graphic design simulation for Dell Precision™ workstations
with Intel® Xeon® Processor E7 Platform.

Dell Precision™ workstations provide high speed and maximum power
for demanding applications and users.

Creating your best designs takes time and effort. Visualizing them shouldn't. Dell empowers
your imagination and creativity with our highest-performing, most scalable desktop and mobile
workstations to quickly bring even your most complex designs to life.

¢ Count on fast and reliable performance, certified by leading ISVs
e Do more in less time with high-end multi-core processors and up to 192GB of RAM
¢ Get lightning-fast rendering in 2D and 3D with professional graphics

e Maximize your uptime with optional Dell ProSupport™* for 24/7 access to advanced ( inteDinside“‘
technicians who serve as your single point of contact for hardware and software issues M

Xeom

At the end of the day, nothing is more powerful than a great idea. And nothing brings it to
life like a Dell Precision™ workstation.

Powerful.

Intelligent.

- Call 1-800-241-9098 or visit dell.com/smb/power

*Availability and terms of Dell Services vary by region. For more information, visit dell.com/servicedescriptions
Intel, the Intel logo, Xeon, and Xeon Inside are trademarks or registered trademarks of Intel Corporation in the U.S
and/or other countries.



