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WHEN SIZE MATTERS ... 
0.5A DIODE IN ~ 1mm2

for more information call 1.800.981.8699 or visit us at 
www.irf.com/dcdc

FlipKY™, the Ultimate Schottky Diode for Space Savings in Portable Applications

FEATURES

• Up to 80% space savings compared 
to standard packages

• 1.1mm2 footprint for 0.5A FlipKY

• 2.3mm2 footprint for 1.0A FlipKY

• Super-low profile at <0.7mm

• Ultra low VF and IR per footprint area

• Electrically tested and delivered on Tape and Reel

• Implemented with standard SMT techniques

Flipky Schottky Diodes are smaller and more
efficient than typical industry standard Schottky
diodes. Offered in space-saving, chip-scale
packages, these devices are ideal for handheld
and portable equipment.
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© 2005 National Instruments Corporation. All rights reserved. FlexDMM, National Instruments, NI, and ni.com are trademarks of 
National Instruments. Other product and company names listed are trademarks or trade names of their respective companies.  
6408-101

(800) 891 8841To view a tutorial on minimizing error in DC measurements,
visit ni.com/modularinstruments.

Measure Signals from Picoamps to Kilovolts
The new National Instruments PXI-4071 71⁄2-digit FlexDMM is 
a modular instrument that uses patented techniques and 
industry-leading software to deliver: 
• Three times more accuracy than traditional 71⁄2-digit DMMs

• Flexible resolution from 26 bits at 7 S/s to 10 bits at 1.8 MS/s

• Wide measurement ranges ±10 nV to 1,000 VDC, ±1 pA to 3 A, 
and 10 µΩ to 5 GΩ

With innovative hardware capabilities and more than 
400 measurement and analysis functions, the NI PXI-4071 
revolutionizes DC measurements for user-defined applications. 
From DC to RF, NI modular instruments power measurements 
from prototype to production.

Choose from a complete set of NI modular instruments.
Multimeters 71⁄2 digits, 1000 V
Audio Analyzers 24 bits, up to 500 kS/s
Digitizers 8-24 bits, up to 200 MS/s
Signal Generators Up to 16 bits, 200 MS/s
High-Speed Digital I/O Up to 400 Mb/s
RF 2.7 GHz, 20 MHz RTB
Switching Multiplexers, matrices,

RF switches, relays
Multifunction I/O Analog input and output, 

digital I/O, counters

Industry’s Most Accurate 71⁄2-Digit DMM

NI 71⁄2-Digit FlexDMM for PXI

Traditional 71⁄2-Digit FlexDMM

Absolute Accuracy (10 V Range)

100 µV 200 µV 300 µV 400 µV

3X More Accurate
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ADVERTORIAL

Today’s increasing silicon complexity drives
engineers to continually leverage the latest
advances in electronic design. However,
no company can afford to have its design
teams consuming time and effort adopting
individual technologies. Instead, organizations
need to focus precious engineering resources
where they add the most value—
differentiating the company’s designs.
Additionally, in today’s fast-paced markets,
missed schedules can mean lost market
opportunities. Cadence recognizes that to
start designing right away, designers need
a proven infrastructure—proven on the
types of designs they’ll be doing and
incorporating the kind of IP they’ll be

© 2005 Cadence Design Systems, Inc. All rights reserved. Cadence and the Cadence logo are registered trademarks of Cadence Design Systems, Inc. All others are property of their respective holders.

A New Approach to Streamlining the
Application of Advanced Technologies

incorporating— with typical application
hurdles already flattened. This is the
essence of the Cadence Kits approach. 

A Cadence Kit is a documented
methodology built on a set of platform
flows applied to a reference design,
which is enabled by standards-based IP
and packaged with applicability training.
Each kit starts with a reference design—
a real design representing a specific
vertical market. 

The reference design incorporates IP that is
integrated and validated with the platform
flows. One of the biggest challenges has
been the difficulty of using IP in the design

process. By building on platform flows
and a reference design, Cadence Kits
greatly simplify the integration, reuse
and enablement of IP.

DELIVERING ON THE KITS APPROACH

The first Cadence Kit focuses on
analog/mixed-signal (AMS) because of
its pervasiveness across markets, including
wireless, wired networking, and personal
entertainment electronics. The AMS
Methodology Kit minimizes risk by
targeting key challenges identified
by customers in these markets:

• Fragmented design processes that
prevent teams from effectively verifying
designs across the analog and digital
design domains 

• Large quantities of data and long
simulations, which hamper modeling,
extraction and re-simulation of parasitics 

• The challenge of managing multiple power
supplies through all stages of design as well
as reusing and migrating AMS blocks—both
of which demand a predictable methodology

The Cadence AMS Methodology Kit
addresses these design challenges by
delivering a verified methodology,
enabling IP, and applicability training—
all demonstrated on an end-to-end
mixed-signal design.

The AMS Methodology Kit executes a
“meet in the middle” design approach
that achieves an optimum balance between
the needs for speed and for silicon accuracy.
It also establishes a design process that
allows teams to work with the analog/
mixed-signal content in the context of the
complete design—from concept to silicon. 

The kit gives designers control of parasitic
effects from first-cut route and top-level
parasitic extraction evolving to block-level
and targeted post-layout re-simulation.
It addresses reuse and migration of analog/
mixed-signal blocks through a repeatable
block creation method. In addition, the
AMS Methodology Kit helps teams tackle
low-power designs by managing multiple
power supplies through a top-down
methodology for defining voltage supplies.

For more information on how
Cadence Kits enable you to simplify
the application of EDA technology
for greater design productivity,
visit www.cadence.com/kit_info.

When an electronics company

needs to integrate

three devices into one,

and make it all fit in your hand,

we hear the call.

A phone that thinks it’s a PDA. A PDA that lets you surf the web without wires. Smart idea. From smartphones

to MP3 players to digital cameras, electronics companies face tremendous challenges developing new products.

Consumers expect devices to do more yet run longer on battery power. Entire systems need to fit in your pocket.

And products with tens of millions of transistors can’t run too hot to handle. How do our customers overcome

the odds and create the advanced ICs, packages, and board-level systems that hide inside these small wonders?

They do it by using electronic design software, methodologies, and services from Cadence to achieve

breakthrough results at almost every turn. For more information, visit www.cadence.com/hearthecall.

© 2005 Cadence Design Systems, Inc. All rights reserved. Cadence and the Cadence logo are registered trademarks of Cadence Design Systems, Inc.
The Treo 650 was used with permission of PalmOne, Inc.
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Check out these online-exclusive articles:
UUssiinngg  MMaatthhccaadd  ttoo  ddeerriivvee  cciirrccuuiitt  eeqquuaattiioonnss
aanndd  ooppttiimmiizzee  cciirrccuuiitt  bbeehhaavviioorr

By James C Bach, Delphi Corp

The general-purpose mathematical-analy-
sis tool provides ample capabilities that
engineers can employ in circuit design.
➔www.edn.com/article/CA6301377

TTooooll  ppeerrffoorrmmss  OOPPCC  ssppoott  ffiixxeess  
oonn  IICC  llaayyoouuttss

DFM (design-for-manufacturability) start-up
Aprio is releasing Halo-Fix, a new tool that
allows mask-data-prep engineers and man-
ufacturers to make small LRC (lithography-
rule-check) fixes to OPC (optical-proximity-
corrected) IC layouts without performing a
full OPC run on an entire design layer.
➔www.edn.com/article/CA6301290

EEmmbbeeddddeedd  aaggeennttss  ttoo  mmoonniittoorr,,  
ccoorrrreecctt  VVOOIIPP  qquuaalliittyy

Texas Instruments has announced an em-
bedded-system technology that aims to
provide distributed, real-time monitoring—
and correction—of QOS (quality-of-service)
issues on IP (Internet Protocol)-based ser-
vices, such as VOIP (voice-over-IP) calls.
➔www.edn.com/article/CA6299583

CCooWWaarree  ttooooll  uuppggrraaddee  hheellppss  mmaakkee
SSyysstteemmCC  mmooddeellss  rreeuussaabbllee

CoWare has released a new version of its
ConvergenSC SystemC simulation environ-
ment with new features that allow design-
ers to reuse their SystemC-based transac-
tion-level models.
➔www.edn.com/article/CA6301291

SSppaannssiioonn  rreelleeaasseess  NNAANNDD--lliikkee  ddeevviiccee  
ffoorr  wwiirreelleessss--ssyysstteemm  mmaarrkkeett

Spansion Inc is releasing the MirrorBit
ORNAND, after a couple of years in devel-
opment. The device is the company’s
answer to NAND for the wireless-system
market.
➔www.edn.com/article/CA6300387

EEDDNN ’’ss  IINNNNOOVVAATTIIOONN  AAWWAARRDDSS
VVOOTTEE  NNOOWW  AATT  
WWWWWW..EEDDNN..CCOOMM//IINNNNOOVVAATTIIOONN

Help EDN honor excellence in elec-
tronics engineering. The 16th annual
EDN Innovation Awards program is
now under way. EDN’s editors have
narrowed down the nominees to a
group of finalists, which includes out-
standing engineers, products, and tech-
nologies in 15 categories and the best
contributed articles that appeared in
EDN in 2005.

Please go to www.edn.com/innovation
to get the details on all the finalists and
then cast your votes using the online
ballot you’ll find there. 

After we tally your votes, along with
votes from our editors and editorial-
advisory-board members, we’ll
announce the winners on April 3 at a
gala event in San Jose (see www.edn.
com/innovation for details and tickets).
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Articles and extras from the EDN archives that relate to this issue’s contents.
FROM THE VAULT

SSCCOOPPEESS::  MMOORREE  TTHHAANN  MMEEEETTSS  TTHHEE  EEYYEE
(pg 44):

HHiigghh--ppeerrffoorrmmaannccee  DDSSOOss  uunnttaannggllee  
sseerriiaall--ddaattaa  ssttrreeaammss

As electronic systems depend more and
more on serial communication, sophisticated
digital scopes, powered by clever software,
are becoming essential equipment.
➔www.edn.com/article/CA608891

IInnssttrruummeennttaattiioonn  aammpplliiffiieerr  eexxtteennddss  
DDSSOO

Elusive current waveforms required 
scope documentation.
➔www.edn.com/article/CA6294160

RReeaall--ttiimmee--DDSSOO  bbaannddwwiiddtthh  jjuummppss  
ttoo  1155  GGHHzz

Tektronix has announced what it calls the
world’s fastest, most-capable, real-time 
oscilloscopes.
➔www.edn.com/article/CA499536

LLIINNUUXX  JJOOIINNSS  TTHHEE  CCOONNSSUUMMEERR--
EELLEECCTTRROONNIICCSS  RREEVVOOLLUUTTIIOONN
(pg 57):

EEmmbbeeddddeedd  LLiinnuuxx  nneeaarrss  rreeaall  ttiimmee
➔www.edn.com/article/
CA450620

PPiicckk  aanndd  ppllaaccee::  LLiinnuuxx  ggrraabbss  
tthhee  eemmbbeeddddeedd  mmaarrkkeett
➔www.edn.com/article/
CA253780 

AA  NNOOTTEE  AABBOOUUTT  PPDDFFss
Since 1998, we’ve been
making PDF versions of
every magazine article
available at www.edn.com,
and you’ve told us that this
feature is one of your
favorites on our site. We
recently changed the way
we provide those PDFs. In
new articles, simply click-
ing on “Printer-friendly ver-
sion / PDF” at the top or
bottom of the article takes
you to a PDF version that
looks just like the maga-
zine page, complete with a
toolbar for zooming, down-
loading, and printing.
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Starting with in-depth design support all the 

way through to total supply chain management – 

Avnet Electronics Marketing is there for you. 

From concept to reality, we deliver:

But, partnering with Avnet Electronics 

Marketing means much more than just 

having access to the industry’s broadest 

array of design and supply chain services. 

It means working with a company that is truly

focused on exceeding your needs and 

expectations – a company that is dedicated 

to giving you Support Across The Board.™

Ready.

Set.

Go to market.™

Consultative engineering 
support and services

Focused product specialization

The broadest supplier partnerships 
in the industry

Over $1 billion in top moving 
inventory “on the shelf”

World-class supply chain services

1 800 332 8638
www.em.avnet.com 

© Avnet, Inc. 2006. All rights reserved. AVNET is a registered trademark of Avnet, Inc.

Enabling success from the center of technology TM

Support Across The Board.™
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Two speed grades faster with 
PlanAhead software and Virtex-4

With our unique PlanAhead software tool, and our industry-leading Virtex-4 
FPGAs, designers can now achieve a new level of performance. For complex,
high-utilization, multi-clock designs, no other competing FPGA comes close 
to the Virtex-4 PlanAhead advantage:

• 30% better logic performance on average = 2 speed grade advantage

• Over 50% better logic performance for complex multi-clock designs

Meet Your Timing Budgets . . . Beat  
Your Competition To Market

Meeting timing budgets is the most critical issue facing FPGA designers*. Inferior
tools can hit a performance barrier, impacting your timing goals, while costing 
you project delays and expensive higher speed grades. To maximize the Virtex-4 
performance advantage, the new PlanAhead software tool allows you to quickly 
analyze, floorplan, and improve placement and timing of even the most complex
designs. Now, with ISE and PlanAhead you can meet your timing budgets and
reduce design iterations, all within an easy-to-use design environment.

Download a free eval today at www.xilinx.com/planahead, view the TechOnline
web seminar, and prevent your next FPGA design from stalling.

* CMP: June 2005 FPGA EDA Survey

View The 
TechOnLine

Seminar Today

1                                 2
Speed Grade                          Speed Grades 

Xilinx ISE
with PlanAhead

Xilinx ISE

Nearest
Competitor

©2006 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property of their respective owners.

Based on benchmark data from a suite of 15 real-world customer designs targeting Xilinx and competing 
FPGA Solutions.

The Programmable Logic CompanySM
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But enough about me: Introductions
need to work both ways. And in a very
real sense, the vital part of a magazine
is about its readers, not its staff. So who
are you?

Therein, as they say, lies a tale. I don’t
think there has been a time—even in
the days when microprocessors were
beginning to displace small-scale TTL
gates as design tools—when so much
has been changing for the engineering
community. The changes not only are
massive and rapid, but also are hap-
pening along a number of axes at once.

Everyone has talked about technol-
ogy scaling, ubiquitous wireless con-
nectivity, the explosion in software, and
the consumerization of the industry.
Some have discussed the downsizing of
design teams and the slashing of
resources. Constant debate continues
about the globalization of design—both
of work moving out of North America
and of the challenges of global design

teams. But it’s more than that.
For all of these reasons, we are expe-

riencing a shift in the level of abstrac-
tion in design. It’s not about a new
design language or a new tool set.
Rather, we are entering the age of the
reference design.

Just as discrete components in many
instances gave way to more integrated
functional blocks—transistors to op

amps, microprocessors to systems on
chips—those functional blocks are now
giving way to full hardware/software
subsystems. Even things that look like
components may in fact be whole ref-
erence designs in disguise. Is that chip
a linear regulator? Or is it a manifold
that includes the chip, supporting com-
ponents, board film, application notes,
and test data—all packaged up for the
user? Is that video codec a block of sil-
icon intellectual property? Or is it a
whole collection that comes with
firmware, device drivers, application
code, industry certification, a verifica-
tion suite, and a foundry relationship?

We have encapsulated our compo-
nents, chips, and boards to hide most
of their internal complexity from the
designers who must use them. That step
has been necessary, because a single sys-
tem can now span so many technolo-
gies that it’s simply impossible for one
design team to understand each of
them in detail. A digital camera may
have sensor and display interfaces,
image processing, data management,
networking, motion control, and sys-
tem-management functions. So can a
machine-tool controller.

So, although we must be specialists
in our increasingly narrow area of
expertise, we must also have sufficient
understanding of a vast array of other
technologies to use them as config-
urable not-so-black boxes. Here is
where EDN comes in. In the increas-
ing struggle not only to deepen our
areas of expertise, but also to broaden
our range of effective knowledge, the
technology press can be an ally. We
hope we can be a powerful one.EDN

Contact me at ronald.wilson@
reedbusiness.com.

BY RON WILSON, EXECUTIVE EDITOR

suppose introductions are in order. In general, staff changes at a mag-
azine make for poor reading. But now is a time of transition in the
engineering profession, so a few changes here may justify taking a
moment to say hello—to step out from behind the editorial curtain
and chat a bit.

I’m Ron Wilson, and in January, I joined EDN as executive editor,
working for Editor in Chief Maury Wright. In so many ways, it’s a pleas-
ure to be here writing to you today.

As I sit at the keyboard, I’m most of all conscious of a huge pair of
unfilled shoes in the office with me. They belong to Bill Schweber, who
distinguished this job by his presence over a number of years and
through a long list of changes, both great and small. If it weren’t for
Bill’s firm hand, EDN would be something less than it is today. I hope I
can build on his work and not be the guy who just puts through a cou-
ple of ECOs that mess things up.

I
A single system
can now span so
many technologies
that it’s simply
impossible for one
design team to
understand each 
of them in detail.

From the age of anxiety to the 
era of the reference design

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

MORE   AT EDN.COM

To learn more about Ron, visit
www.edn.com/060216ed1.
+
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6 reasons
to buy direct

from Coilcraft

Factory-fresh
products
No surplus or
obsolete stock4

Next day
delivery
Order up to
5 p.m. CST3

Complete RoHS
inventory
The latest parts,
fully documented5

Full tech
support
Talk directly to
our engineers6

No minimum
order
Buy only what
you need2

All values
in stock
If it’s in our catalog,
it’s on our shelf1

6 reasons
to buy direct

from Coilcraft

Because we’re our own distributor,
we guarantee that you can source
any Coilcraft part with a single call.

We stock the latest RoHS-
compliant products and 99%
of your orders ship the
same day they’re received!

Whether you need 10 pieces or 10,000,
the one place to buy all your Coilcraft
magnetics is Coilcraft Direct.

RoHS
COMPLIANT

Any part. Any quantity. Any time.
800-322-2645 buy.coilcraft.com
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   Internal MLFTM Package 1K
 Device Description Termination Footprint Price*

   Buffers 

SY89850U 1:1 Buffer Yes 2mm x 2mm $1.53

SY89851U 1:2 Fanout Yes 3mm x 3mm $1.98

SY89854U 1:4 Fanout Yes 5mm x 5mm $2,54

SY89856U 1:6 Fanout w/ 2:1 Input MUX Yes 5mm x 5mm $3.79

SY89858U 1:8 Fanout Yes 5mm x 5mm $3.79

SY89112U 1:12 Fanout w/ 2:1 Input MUX Yes 7mm x 7mm $4.24

   Multiplexers (MUX)

SY89852U 2:1 MUX Yes 3mm x 3mm $2.15

SY89853U Dual 2:1 MUX Yes 5mm x 5mm $3.25

SY8955U 4:1 MUX Yes 5mm x 5mm $3.35

SY8959U 8:1 MUX w/ 1:2 Fanout Yes 5mm x 5mm $5.95
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©Agilent Technologies, Inc. 2005  

Specifications compiled from Agilent 6000 Series oscilloscopes Data Sheet
5989-2000EN, September 12, 2005 and Tektronix TDS3000B User Manual
071-0957-03, February, 2005.

Agilent Tektronix
6000 Series TDS3000B Series

Bandwidth

100 MHz to 1 GHz 100 MHz to 600 MHz

Channels

2, 4, 2+16, and 4+16 2, 4

Max Sample Rate

2 GSa/s to 4 GSa/s 1.25 GSa/s to 
5 GSa/s

Max Memory

1Mpts Std; up to 8Mpts 10 Kpts

Display Resolution

XGA (1024 x 768) VGA (640 x 480)

Waveform Update Rate

100,000 per second 3,600 per second

Connectivity

Standard: LAN, Standard: LAN, 
USB, GPIB, and parallel (GPIB, 
XGA video RS-232, and video 

optional)

Compare
for yourself
Agilent vs. Tektronix scopes

Ready to see the difference? Get a 
Quick Quote or schedule a demo today.

U.S. 1-800-829-4444 
Canada 1-877-894-4414
www.agilent.com/find/morescope
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We Create BGA Solutions 
From The Drawing Board 

To The PC Board. 

From concept to completion, Advanced is your single source for comprehensive

BGA socketing systems. We specialize in economical, dependable alternatives 

to direct device attach, with an array of innovative solutions for any stage of

development. Whether you’re using BGA, LGA or CSP devices in prototype or

production applications — you can be sure we’re with you every step of the way.

To learn more, visit us online at

http://www.bgasockets.com

or call 1.800.424.9850.

And Every Step In Between.
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5 Energy Way, West Warwick, Rhode Island 02893 USA

Standard Eutectic or
Optional Lead-free
Advanced now offers select BGA sockets
with lead-free solder ball terminals to comply
with worldwide directives.

free
Pb
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INNOVATIONS & INNOVATORS

SDR architecture quickly adapts
RF-vector-signal generator to changing test needs

When testing devices that con-
form to multiple wireless stan-
dards, fast switching among

waveforms is critical for keeping test times
within reason. Keithley Instruments’ Model
2910 400-MHz to 2.5-GHz RF vector-
signal generator incorporates several in-
novations to reduce test times. Unlike
those of competitive instruments, the in-
strument’s outputs settle within 1.5 msec.
Moreover, a sync-out, source-settled indi-
cator illuminates only when the source has
settled. These features eliminate the need
to add wait states to test programs to en-
sure that the generator’s output has set-
tled before the device under test uses the
signal. In addition, the instrument’s 16-bit-
resolution, two-channel, 64M-sample ar-
bitrary-waveform generator supports si-
multaneous loading of multiple signal
waveforms and enables switching among
these signals in less than 5 msec.

The unit’s SDR (software-defined-ra-
dio) architecture adapts as wireless stan-
dards evolve.  For mobile-phone testing,
the unit offers optional built-in signal-gen-
eration software personalities for key cel-
lular formats. You can easily upgrade the
unit to new and emerging standards as
they become available. For signal formats
that the initial release does not include, the
unit’s arbitrary-waveform generator sup-
ports downloading of virtually any exter-
nally generated signal waveforms with
bandwidth as great as 40 MHz. In addition,
the instrument can generate RF signals
with bandwidth as great as 200 MHz from
user-provided analog-baseband in-phase
and quadrature signals.

The bandwidth and architecture of the
Model 2910 provide a significant future
cost savings, because customers need not

purchase new RF sources as new wire-
less applications emerge. The price of the
7-in.-high, half-rack-wide instrument is
$14,500. For easy integration into test
systems, the generator, which incorpo-
rates IEEE 488, USB, and 100 BaseT
Ethernet interfaces, conforms to LXI
(LAN extensions for instrumentation)
Class C. To assist users in quickly devel-
oping applications, the instrument in-
cludes comprehensive help documenta-
tion that is accessible from the front pan-
el, the remote interface, or a CD-ROM.

—by Dan Strassberg
�Keithley Instruments, www.
keithley.com.

EDITED BY FRAN GRANVILLE
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Curtiss-Wright Controls Embedded Computing recently introduced the Champ-AV6, a
VITA (VMEbus International Trade Association) 46 VPX-based DSP engine combining
quad PowerPC 8641 devices with serial-switched-fabric communications capabilities.
The Freescale (www.freescale.com) 8641 processor has dual integrated 64-bit memo-
ry controllers and the Altivec instruction-set extension, which executes as many as eight
floating-point operations per cycle. With four 1.33-GHz 8641s, the Champ-AV6 deliv-
ers 42 Gflops of peak floating-point performance. Streaming-data-system applications
will benefit from the board’s 8.5-Gbyte/sec memory bandwidth and as much as 2 Gbytes
of DDR SDRAM.

The VPX standard provides backplane connectors that can handle signaling speeds
as high as 6.25 Gbps. The board’s mezzanine site can accept either standard PMC mod-
ules or XMC modules featuring PCI Express with automatic detection of the module
type. With PCI Express connectivity, the XMC site provides the high bandwidth to mem-
ory for high-performance graphics, networking, and data-acquisition modules. 

Software for the Champ-AV6 includes support for operating systems including
VxWorks, Linux, and Gedae. Curtiss-Wright provides signal-processing libraries and a
high-performance interprocessor-communications library for message passing and bulk
data transfers, extending to multiple boards connected through Serial RapidIO. Prices
for the Champ-AV6 start at $16,500. Evaluation units will be available in the fourth quar-
ter of this year.—by Warren Webb
�Curtiss-Wright Controls Embedded Computing, www.cwcembedded.com.

Quad DSP engine features switched-fabric data streams

The Model 2910 400-MHz to 2.5-GHz
RF-vector-signal generator incorporates
several innovations to reduce test times.
The unit’s software-defined-radio architec-
ture reduces the likelihood of your having
to purchase a new generator to test de-
vices that conform to as-yet-undeveloped
standards.
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Tektronix used admirable
restraint in not invoking
the cliché term “new par-

adigm” to describe the built-in
Wave Inspector tool set of its
DPO4000-series 350-MHz-
to 1-GHz-bandwidth scopes,
which sell for $7000 to
$14,000. Tek could legitimate-
ly claim that Wave Inspector
constitutes a new paradigm for
searching through enormous
waveform records to find tran-
sitory aberrant phenomena. All
four of the series members
provide waveform memory of
10M samples/channel as a
standard feature. In addition, at
their �3-dB frequencies, the
scopes oversample signals by
at least five times. These
portable instruments also in-
corporate lockdown ports sim-
ilar to those on laptop PCs.

Other notable features in-
clude a 10.4-in. color LCD with
resolution of 1024�768 pix-
els—64% more than that of
competitive scopes, including
units whose displays are equal
in size; weight of 11 lb for easy
portability; and an enclosure
only 5.4 in. deep—shallower,
though somewhat wider, than
that of Tek’s top-selling TDS-
3000 series. The units also in-
clude front-panel USB and
CompactFlash ports and highly
evolved triggering capabilities
for such serial buses as I2C,

Scopes simplify searching
through long waveform records

DILBERT By Scott Adams 

SPI, and CAN (controller-area
network).

Wave Inspector comprises a
group of zoom, pan, scroll, and
search functions in the instru-
ments’ hardware and software.
These functions enable you to
rapidly locate and view rare
anomalies in waveform records
whose width on these scopes
can be as great as 20,000
screens. You access these
functions via the front-panel
jog/shuttle knobs, two concen-
tric knobs that work together to
control zooming and panning.
The inner knob controls the
zoom factor. The farther clock-
wise you turn the knob, the
more the on-screen waveform
view zooms in. The outer ring is
a force/rate-sensitive pan con-
trol. The more you turn this
knob in either direction, the
faster the zoom window moves
across the waveform.

By turning the pan control
(the knob’s outer ring), you 
can quickly pan a zoomed 
window through a long-wave-
form record. In the resulting
pan, the window moves at a
speed proportional to the
knob’s rotation. Pressing the
play/pause button causes the
window to automatically pan

xPulse.caption

pulse

“During the past year, we
talked with many engineers
engaged in almost every

conceivable phase of the electrical
field. ‘What, we asked, would you desire
most to see in an electrical publication?’
The response was as direct as it was
unanimous: a magazine of design ideas.”

—MS Kiver, Editor, EDN, May 8, 1956
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through the entire record. The
pan knob controls the speed.
This hands-free playback re-
sembles a DVD player’s fast-
forward control; with it, you can
race through a mass of mate-
rial while watching for visual
clues in the waveform. Again
pressing the play/pause but-
ton immediately stops the pan-
ning. A mark function helps
you to navigate through the
waveform memory. The set/
clear-mark button places visi-
ble marker symbols on any
chosen waveform point. The
previous and next buttons in-
stantly move the position in
the record between marks, en-
abling quick cursor placement
for timing measurements.

An automated-search feature
speeds the search for recurring
events or bus-data packets. This
innovation most closely resem-
bles a Web browser’s search
and bookmark constructs. Wave
Inspector can search through
an entire acquisition and auto-
matically mark every occurrence
of a user-specified event, such
as a positive-going edge that
crosses a voltage threshold. 

—by Dan Strassberg
�Tektronix Inc, www.
tektronix.com.

The DPO4000-series scopes’ Wave Inspector controls (upper
right of each panel) transform the way you locate anomalous
events in records as long as 20,000 screens.
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Battery Management Solutions
for Single-Cell Li-Ion
Power Path Management, Charging, Fuel Gauging 
and Authentication in Handheld Applications

The bq24030 charge management device integrates dynamic power path 
management (DPPM), allowing the AC adapter or USB port to simultaneously
power the system and charge the battery.

The bq27000 fuel gauge provides the system all data needed to effectively
manage the battery and extend run-time. It requires no calculations by the host
microcontroller, resulting in easy implementation of this accurate fuel gauge.

The bq26150 identifies batteries or accessories that are approved by
consumer electronics manufacturers for full performance of their devices. 
A simple 5-pin device identifies a battery pack via a single-wire bus using
an encrypted response to a host-side challenger.

Evaluation Modules available!

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1226A0  © 2006 TI

Technology for InnovatorsTM

POWER MANAGEMENT

www.ti.com/battman 800.477.8924, ext. LiIon

NEW!
Power Management Selection Guide

Datasheets, Samples, Evaluation
Modules and Application Notes

Applications

– Smartphones

– PDAs

– MP3 players

– Digital cameras

– Handheld devices

Features

bq24030

– Power FETs and current sensor,
high-accuracy current and 
voltage regulation, charge 
status, and charge termination

– Autonomous power source
selection (AC adapter or USB)

– AC adapter or USB powers the
system directly

– Dynamic charging current
based on system requirements

bq27000

– CPU-based IC reports 
remaining battery capacity,
time-to-empty, voltage,
current and temperature 

– Uses a proven algorithm to
adjust calculations for battery
characteristics 

– Adjusts remaining capacity
and run-time prediction for
battery inefficiencies

bq26150

– Programmable CRC with 
a 96-bit unique device ID 

– 5-pin, SC-70 package

AC Adapter

USB

Battery
Power

Battery Charge
and Sytem

Power
Management

System Power

Communication
Interface

Battery
Authentication

High-Accuracy
Battery Fuel

Gauge

Li-Ion
Protection

System
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Sporting an isolation rat-
ing of 560V operating
and 4000V transient,

the ISO721 and ISO721M in-
terface devices from Texas
Instruments use on-chip ca-
pacitors to protect signal lines
from becoming pathways to
disaster. The result is isolation
that is three times faster than
optical and 35% faster than
inductive, with speeds as high
as 150 Mbps. The design also
uses less power than optical
isolation, is virtually immune to
the magnetic fields that
plague inductive isolation, and
has an estimated MTBF of 25
years.

The ISO721 includes built-
in noise filtering to eliminate
transients shorter than 2 nsec
with a 100-Mbps throughput.
The ISO721M eliminates the
filter to boost throughput to
data rates as great as 150
Mbps and reduce latency from
17 to 10 nsec. Both devices
have high-voltage transient
protection to 25 kV/�sec.

Capacitive coupling normally
imposes a highpass-filter re-
sponse on the signal, but the

Capacitive isolation moves on-chip
ISO721 family eliminates that
restriction. An input-signal-
conditioner stage converts the
incoming signal to differential
signaling, coupling through on-
chip capacitors to a receiver
stage. In parallel, a pulse-width-
modulation generator senses
the low-frequency component
of the incoming signal and en-
codes it before connecting to
the receiver stage. The receiv-

er stage recombines both the
high- and the low-frequency
signal components, replicating
the input signal with a 4-�sec
delay on the low-frequency
component.

The ISO721 multichip mod-
ules have two stages of isola-
tion, which take place on sep-
arate die; the only connections
between them are the bond
wires from the first stage to

pulse
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the integrated capacitors that
serve as the second stage’s in-
put. The capacitive coupling,
along with a split lead frame
and two-die construction, en-
sures that no dangerous sig-
nals can couple from the input 
to the output. Devices in the
ISO721 family cost $1.65
(1000) and are available now.

—by Richard A Quinnell,
Contributing Editor

�Texas Instruments, www.
ti.com.

Both ac- and dc-signal components pass through this isolation device, which features on-chip 
capacitors.
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FPGAs get tune-up 
for high-speed protocols
Altera has added a family of devices for high-speed protocols to its
top-of-the line Stratix II FPGA. The Stratix II GX family targets the
sweet spot of high-speed protocols, according to David Greenfield,
senior director of high-density-FPGA-product marketing. The de-
vices support PCI Express, SDI (serial-digital-interface), XAUI (ex-
tended-auxiliary-unit-interface), SONET (synchronous-optical-net-
working), Gigabit Ethernet, SerialLite II, Serial RapidIO, and CEI-6G-
LR/SR (Common Electrical Interface 6-Gbps long-reach/short-
reach) protocols. To create the GX devices, Altera replaced the I/O
along one edge of a 90-nm Stratix II floorplan with a bank of trans-
ceivers. Doing so allows Altera to offer GX devices with as many
as 20 transceivers, each operating at 622 Mbps to 6.375 Gbps. A
top-of-the-line GX device also has 132,540 logic elements, or
roughly 2 million ASIC gates, and 6.7 Mbits of embedded memory.

Each transceiver’s receiver channel features a synchronizer, a

8b/10b decoder, a word aligner, a rate matcher, and an equaliz-
er CDR (clock-and-data-recovery) demultiplexer. The transmitter
channel offers an 8b/10b encoder and multiplexer pre-empha-
sis. Clock-management circuitry links the channels. Altera based
these choices on the percentage of transceiver customers who
are likely to use a block, according to Greenfield. Although
8b/10b encoding and decoding are easy to do in soft or hard log-
ic, Altera puts it into hard IP (intellectual property) because al-
most every transceiver customer will use it, he says. For XAUI, the
company implemented a state machine in hard IP but used soft
IP for the standard MAC (media-access-controller) function.

Users furnish Altera with S-parameters, and the company’s ap-
plication engineers use the program to create, in about 45 min-
utes, optimal settings for equalization and other variables. The GX
family will become available for sampling early this year, and vol-
ume prices will start at $49 for the EP2SGX30CF780 device.

—by Michael Santarini
�Altera Corp, www.altera.com.
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TurboTrans,  Auto-Track, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. *Patent pending. 1276A0 © 2005 TI 

Tired of adding capacitors to your power design? Introducing the T2 series – the second generation
PTH modules with TurboTransTM technology. This patented* technology provides up to an 8X
reduction in required output capacitance while still meeting the stringent transient load
requirements of DSPs, µPs, ASICs and FPGAs.

with new T2 Power Modules & TurboTrans™

Turbo Charge Your
Transient Response

High Performance. Analog. Texas Instruments.

Order your sample now!
www.ti.com/T2

• TurboTrans technology
• 1.5% output regulation
• Up to 50% smaller footprint
• SmartSync synchronization
• Wide input voltage 

(4.5V to 14V)
• Auto-Track™ sequencing

VOUT with TurboTrans

VOUT without TurboTrans

8A IOUT  Transient
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SIDEHEAD
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The days of lackluster, tin-
ny sounds from cell
phones and other port-

able consumer products may
be over with the introduction of
Texas Instruments’ low-noise
TLV320AIC3x family of 16/
20/24/32-bit stereo-audio
codecs. With integrated sound
processing and consuming as
little as 14 mW, the three new
devices in the family enable
features such as 3-D sound. A
demo at the recent CES
(Consumer Electronics Show)
of the sound of a race car’s
seemingly zooming around the
conference room made for
outstanding effects from the
demo cell phone’s tiny speak-
ers. In addition to cell phones,
other applications include bat-
tery-powered products, such
as cellular handsets, MP3
players with recording func-
tions, and digital still cameras.
TI claims that the codecs con-
sume only one-third the power
of comparable devices. Their
register-based power control
enables 48-kHz stereo play-
back using 14 mW from a
3.3V analog supply.

The TLV320AIC31/32/33

Power-miserly audio
codec brings fidelity and
3-D sound to portables

DAC provides an SNR of 100
dB and includes programma-
ble digital filtering for 3-D spa-
tial enhancement; bass, treble,
and midrange effects; and
speaker equalization and de-
emphasis. The devices also
provide multiplexing ability
among as many as 10 input
pins and 10 output pins, as well
as fully programmable mixing
capability with volume control.
A programmable PLL supports
the standard audio rates from
clocks ranging from 512 kHz
to 50 MHz, and it reduces cost
and system complexity by elim-
inating the need for an external
crystal. In addition, the TLV-
320AIC33 and the TLV320-
AIC31 offer differential inputs,
which cancel noise that nor-
mally enters the ADC.

The AIC31 and 32 are avail-
able in 5�5-mm, 32-pin QFN
packages, and the AIC33
comes in a 5�5-mm, 80-ball
MicroStar Junior BGA pack-
age. The AIC31 and AIC32
sell for $3.45 (1000) each,
and the AIC33 sells for $3.95
(1000).—by Margery Conner
�Texas Instruments,
www.ti.com.

The potential convenience of POE (power over
Ethernet) is undeniable. Users can connect devices
such as IP (Internet Protocol) phones, remote cam-
eras, or WiFi (wireless-fidelity) access points with no
ac adapter. But designers of POE-enabled products
must guard against the possibility that an Ethernet
link may not support POE or that users have over-
subscribed the power budget of a POE-enabled
source. In other words, designers need to prepare
for POE power or power from an ac adapter.

Targeting this type of power support, the National
Semiconductor LM5071 power IC integrates a PD
(POE-powered-device) interface and a current-
mode dc/dc-converter controller. An LM5071-based
product can operate with ac adapters that output dc
voltages of 9.5 to 48V. The dc/dc-converter con-
troller supports various isolated and nonisolated
converter topologies, including buck converters.
Designers can program functions such as the un-
dervoltage-lockout trip point and hysteresis, as well
as adjust the oscillator frequency and duty cycle.
Available in lead-free and standard small-footprint
TSSOP-16 packages, the IC costs $1.45 (1000).

—by Maury Wright
�National Semiconductor, www.national.com/pf/LM/
LM5071.html.

An integrated dc/dc-converter controller and POE interface 
offer flexibility in connected-product power-supply design.
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FEEDBACK LOOP
“Maybe I’ll stop blowing up 
capacitors now. I’ll miss the fun,
though.”
Scott Morgan, in EDN’s Feedback Loop, at www.edn.com/

article/CA6288037. Add your comments.

DAC

DAC

ADC

ADC

SOUND
PROCESSOR

MIXERS

AMPLIFIER

AUDIO BUS

CONTROL BUSPLL

MONO

STEREO
LINE

OUT-PUTS

HEAD-
PHONES

SPEAKERS

MICRO-
PHONE

OR LINE
INPUTS

TLV320AIC33

Chip enables POE
convenience with
auxiliary backup

Applications for the TLV320AIC3 audio codecs include cellular
handsets, MP3 players, and digital still cameras.
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New PulSAR® ADC offerings deliver unmatched flexibility
There’s a new performance standard in programmable SAR ADCs.
ADI’s next generation of PulSAR ADCs provides greater resolution,
speed, and flexibility than previously available. The new product
offerings employ our patented iCMOS™ technology—a manufac-
turing process that brings submicron advantages to high voltage 
applications. They feature the following benefits:

• Software selectable unipolar and 
bipolar input ranges, eliminating the 
need for front end circuitry

• 14-bit, 16-bit, and 18-bit resolution, 
2.5 LSB, and <10 ppm INL

• Speeds up to 1 MSPS—up to 10 
times faster than competitive 
sampling rates

• A dramatic reduction in component 
costs and board space

For enhanced functionality and design flexibility, check out the next 
generation of PulSAR ADCs.

18-bit resolution with software-selectable inputs. 
With SAR ADCs, analog is everywhere.

SAR ADC Performance … 
• 14-bit/16-bit/18-bit resolution 
• Multiple programmable input ranges
• Sampling rates to 1 MSPS
• <10 ppm integral linearity error
• 100 dB SNR
• Parallel and serial interface
• 48-LFCSP, 48-LQFP packages

… where it matters
• High speed data acquisition
• Industrial process control
• Precision monitoring systems
• Programmable logic controllers
• Medical instruments

Part
Number

Resolution
(Bits)

Sample
Rate

(kSPS)

Max
Operating

Power
(mW)

Analog
Input Range

Price
($U.S.)

1K

AD7634 18 670 80 �10 V Diff, 
�20 V Diff

31.45

AD7631 18 250 38 �10 V Diff, 
�20 V Diff

29.45

AD7612 16 750 85 0 to 5 V, 0 to 10 V, 
�5 V, �10 V 29.45

AD7610 16 250 38 0 to 5 V, 0 to 10 V, 
65 V, 610 V 12.90

AD7951 14 1000 100 0 to 5 V, 0 to 10 V, 
�5 V, �10 V 10.99

www.analog.com/PulSAR-ADC
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What is the secret to cre-
ating and maintaining in-
novation? 

Madhavan: When
you’re a young compa-

ny, it’s easy. You’re doing one
thing, and the focus is clear.
Somewhere in between,
when you start working on a
product, you lose a little bit of
that innovation. For us, we
were lucky. One of our com-
petitors got out these big but-
tons that said ‘Got Tape-out.’
It was in our face for about
six to nine months. It created
a culture in the company that
we need to take that down.

Hogan: What makes
good companies great

is that they continue to inno-
vate. There are a lot of com-
panies that have moved out
of start-up mode into the time
when the initial stock offer-
ings are gone and there are
guys coming in from the out-
side for a variety of reasons.
This is where we get into a
concept of operational excel-
lence. What distinguishes
good companies from truly
great companies—and there

are not too many that make
the leap—are companies that
continue to innovate.

When you talk about op-
erational excellence, is
this a matter of bean
counters keeping tight
reins on operating ex-
penses? 

Hogan: No, this is
bigger. It means that

midsized to bigger companies
can tolerate no redundancies.
In some companies, you’ll find
five or six competing projects.
It’s being efficient, making
sure everyone’s on schedule.
But bean counters only see
the top line. How you get
there is through innovation.
Great companies make that
leap.

What are the roadblocks
to innovation? 

Srivastava: Denali is
unusual. We started

with $10,000, and that is all
the investment we have
made. We quickly built our
first product. We looked at
other companies for business

models, and the best we
could do was Hewlett-
Packard. In the early days of
HP, they didn’t drive one sin-
gle product to success. I told
our staff that we are starting
a project, but I want to re-
serve the right to kill it be-
cause we’re starting with un-
knowns about the market.
Part of the culture has been
an 80% kill rate. It’s not hard-
ware, so our investment is
lower. We create a sustain-
able context for innovation—
solving business problems. If
you have the entire company
behind you, you can create a
sustainable context.

Madhavan: We are
the opposite. We didn’t

take $10,000. We took a lot
of money because we were
funded in the Internet bubble.
We had two routing teams
and two placement teams.
Two teams went at each oth-
er. We had some ideas that
sounded great on paper and
never made it into the prod-
uct because they weren’t go-
ing to work. At that time, 50%
success rate was our goal.
Then, we went to 90%, and
now I think we need to cut
back to 80%, with 20% being
a failure because we attempt-
ed to do some new things.

Sanghi: Innovation
requires risk-taking.

Innovation means going
somewhere that you haven’t
been. If you shoot the person,
or shoot the leader, or shoot
the team, then you destroy
the culture of innovation be-

pulse
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VOICES
Creating a culture 
of innovation

ome top executives recently talked with Electronic
News about how to create and maintain a culture
of innovation. These executives included Steve
Sanghi, chairman and chief executive officer of
Microchip; Rajeev Madhavan, chairman and chief
executive officer of Magma Design Automation;

Jim Hogan, a veteran venture capitalist in Silicon Valley; and
Sanjay Srivastava, president and chief executive officer of
Denali Systems. An excerpt of the interview follows. You can
find the complete interview at www.reed-electronics.com/
electronicnews/article/CA6302393.

A

A

A

A

A

A

cause no one wants to take
the risk. You have to set the
culture of the company to
‘Why we failed,’ instead of,
‘Who failed?’ In our company,
in postmortems, we look at
how we came up with wrong
information, what didn’t we
have, and what we missed.
Isn’t it the market or the
customer that dictates
where the innovation
should be? 

Sanghi: We have ap-
plication engineers

meet in one location three or
four times a year. Over the
course of several months,
they have visited hundreds of
customers. In addition to sell-
ing the product, they’re trying
to understand the feature
needs of the customer. Many
times, the customers don’t
know what they want. You
have to understand the un-
met needs of the customers.

Madhavan: In com-
plex design software,

there’s a bit of a challenge
doing that, because, when
you go to each customer,
each may say that he needs
this feature. If you add in all
these features, especially
with the complexity that chip
design is going through, EDA
is no longer automated.
You’re giving tools for this
problem or that problem, but
you never think about putting
it all together.

How important is com-
pensation in driving 
innovation? 

Srivastava: The cul-
ture has to reward and

value innovation. But modify-
ing behavior with a dollar sign
attached to it doesn’t work.

—by Ed Sperling,
Editor in Chief,

Electronic News
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Precise synchronization—for precise control.
In synthesizer designs, analog is everywhere.

New multichannel synthesizers reduce parts 
and design complexity

Designing synthesizers with multiple channels has never been 
easier. That’s because ADI offers the industry’s first multichannel
DDS ICs. With inherent output synchronization, these unique single-
chip solutions significantly decrease design time and overall system
complexity. What’s more, the new AD9958 and AD9959:  

• Achieve 0.022° phase tuning resolution 
for precise synchronization

• Feature excellent channel-to-channel isolation
• Eliminate multiple parts and external 

circuitry—reducing PCB space up to 60%
• Lower system costs as much as 15% vs.

multicomponent designs
• Consume <165 mW per channel

Experience greater signal control through 
precise synchronization functionality—with ADI’s
multichannel DDS devices. And for compatible
clocks and comparators, visit our website.

www.analog.com/multiDDS 

AD9959/AD9958: 32-bit DDS precision ...

• 4/2 synchronized DDS channels @ 500 MSPS
• 4/2 integrated 10-bit DACs
• >53 dBc wideband SFDR
• 32-bit frequency tuning resolution
• 14-bit phase offset resolution
• 10-bit output amplitude scaling resolution
• Available in a 56-lead LFCSP package
• Pricing: AD9959 (quad-DDS): $37.14/1k $U.S.

AD9958 (dual-DDS): $20.14/1k $U.S.

... where it matters

• Phased array radar/sonar 
• Agile local oscillator 
• Instrumentation 
• Synchronized clocking 
• RF source for AOTF

Old multichip solution vs. new quad DDS.
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National Instruments’
campaign to broaden
the appeal of its Lab-

View product line and to turn it
into a single design environ-
ment for use at multiple stages
in the product-design cycle
takes another step forward
with the release of Version 9 of
the Electronics Workbench
EDA Design Suite. NI acquired
Electronics Workbench in
February 2005. DesignSuite 9
comprises a new release of
Version 9 of the Multisim de-
sign-capture and -simulation
package and the Ultiboard 9
and Ultiroute 9 pc-board-de-
sign and -routing software.

Multisim 9 includes a num-
ber of upgrades, but the “big-
ger picture” update is that
Version 8 of LabView fully in-
tegrates the new software.
Users can employ the full
range of LabView virtual-in-
strumentation features and
mix real-world measurements
with simulation results side by
side in the same environment.
They can also use real-world
data that LabView captures as
the stimulus to drive virtual cir-
cuits in the simulation environ-
ment. Multisim comes with a
set of virtual instruments to
probe simulated results, but
the new release allows users
to supplement these instru-
ments with virtual instruments
they create in LabView.

In addition to LabView, de-
signers can also transfer data
into the SignalExpress pack-
age for viewing and analysis:
NI says that, because this ex-
change takes place in the na-
tive-file formats of the pack-

ages, it eliminates the need for
file translation and its potential
source of errors.

Version 9 of the package
also provides circuit-design as-
sistance with parametric de-
sign of op-amp configurations;
moreover, you can connect
back to the theoretical basis
for your circuit design by di-
rectly using mathematical lan-
guage to represent functions
in your simulation. As with pre-
vious versions of Electronics
Workbench, you can download
a free demonstration version of
the software. Fully functional,
the demo version has 50 com-
ponents, 750 pins, and two pc-
board layers. It is, however, a
200-Mbyte download; the
company offers a CD alterna-
tive.      —by Graham Prophet, 

EDN Europe
�National Instruments,
www.ni.com, www.electronics
workbench.com.
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Duo focuses on WiMax
A leader in silicon for fixed IEEE 802.16d WiMax gear, UK-
based picoChip has turned to Cambridge Consultants to devel-
op reference designs for the emerging 802.16e mobile-WiMax
standard. Many view the mobile flavor of WiMax as potentially
more lucrative than the fixed flavor (see “WiMax wireless broad-
band: Fixed-flavor questions abound, mobile lurks,” EDN, March
31, 2005, pg 44, www.edn.com/article/CA512128). The tech-
nology could become the de facto fourth-generation cellular im-
plementation delivering broadband service to mobile users.
Such a service could be a compelling offer everywhere, where-
as fixed WiMax may win major business only in regions in which
service providers haven’t already deployed wider broadband.

The partnership between picoChip and Cambridge Con-
sultants will deliver designs for both the base-station and the
client sides of the wireless link. The two claim that the software-
centric nature of the implementation will minimize risks associ-
ated with deploying a product based on any emerging standard.
The plan is for the design to be field-upgradable to meet tweaks
in the standard’s development. The partners also claim that it will
allow designers to add system functions—for instance, moving
to MIMO (multiple-input, multiple-output) or smart-antenna
technologies. Indeed, picoChip also just signed a partnership
with ArrayComm (www.arraycomm.com) to add that company’s
MIMO technology to picoChip’s physical-layer portfolio.

The mobile-WiMax reference designs will rely on picoChip’s
picoArray silicon. The massively parallel multi-instruction, multi-
ple-data architecture delivers an array of DSP cores to the
communication task. The partners are pledging delivery of the
reference designs early this year and hope to participate in
802.16e plugfests starting in June.—by Maury Wright
�picoChip, www.picochip.com.
�Cambridge Consultants, www.cambridgeconsultants.com.

02
.1

6.
06

UK-based ARC International has just partnered with SMIC (Semiconductor
Manufacturing International Corp) of Shanghai, China, to bring configurable-proces-
sor IP (intellectual property) to SOC (system-on-chip) developers in mainland
China. ARC’s portfolio includes a range of CPU/DSP cores and multimedia subsys-
tems that can enable compelling digital-media products. SMIC will now offer a one-
stop design-and-manufacturing shop for ARC-based designs.

Paul OuYang, vice president of design services at SMIC, says, “As consumer-
based products continue to dominate the semiconductor industry, SOC designers
seek new ways to reduce their development and manufacturing costs and decrease
the time to market for their products. Judging by the increasing interest we are see-
ing from our customers, we believe that ARC’s configurable-processor technology
provides one such solution.” Semico Research (www.semico.com) states that
China’s semiconductor industry reached $7.5 billion in 2004. The research company
expects SOCs for consumer products to drive future growth.—by Maury Wright
�ARC International, www.arc.com.
�SMIC, www.smics.com.

Configurable-processor technology 
is now available from Chinese fab house

Mix measured and
simulated circuit data

GLOBAL  DES IGNER
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A DMM that works like you do
in the 21st century
A DMM that works like you do

Enter the next generation of digital multimeters, the Agilent

34410A and 34411A DMMs. Take readings at 1,000, 10,000,

even 50,000 readings per second. Log data automatically

and with more reading storage. Detect peak inputs as short

as 20 µS. View two measurements at once via the dual

display. Take advantage of expanded measurement ranges.

Even measure temperature or capacitance.

Based on years of working closely with our customers,

these new DMMs are pure Agilent; instruments designed

to work the way you do.  And because they’re Agilent, they

are the only DMMs with a fully open configuration, so you

can easily integrate them into your workflow, regardless of

I/O connectivity to your PC.

To look at all the new features and specs of this next

generation of multimeters, and to download our new appli-

cation note, 8 Hints for Making Better Digital Multimeter

Measurements, go to www.get.agilent.com/dmmcall.

© Agilent Technologies, Inc. 2006   

Agilent 34410A digital multimeter
• >150x faster reading rate at 6.5 digits*
• Improved accuracy*
• Open I/O with LAN (LXI Class C compliant), USB and GPIB
• 100x more reading storage*
• Dual display

Agilent 34411A digital multimeter
All of the above plus:
• 50,000 readings per second at 4.5 digits
• Analog level, pre- & post-triggering
• Additional 1M reading memory

*Compared to Agilent’s industry leading 34401A digit multimeter

Call a sales engineer who is ready to help 
with your next multimeter purchase.
u.s. 1-800-829-4444 ext. 5462
canada 1-877-894-4414 ext. 5462

in the 21st century
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BY BONNIE BAKER

,,
B A K E R ’ S  B E S T

A digital strategy eliminates many
design problems. For instance, the ratio
of silicon size to function is shrinking
at a much faster rate than that of mature
analog systems. Digital-linearization
algorithms easily replace complex ana-
log-circuit options. The noise margins
of a digital gate are much larger than
those of analog and mixed-signal cir-
cuits. Of the many challenges that ana-
log designs present to the engineer,
noise reduction consumes a large por-
tion of the design time. Analog design-
ers must squeeze the last bit of precision
out of circuits by reducing noise. 

Because the real world will not go
away, the noise that goes along with it
is also here to stay. As the digital por-
tion of the system circuit gets closer and
closer to the analog front end, it also
gets closer to the noise. Engineers that
haven’t gained respect for this age-old
analog issue are usually stunned to find
out that the noise in their system at the
analog-to-digital interface prevents
them from obtaining accurate, repeat-
able results. 

Regardless of architecture, a sampling
ADC has noise and distortion sources.
These noise and distortion sources can
include the capacitor thermal noise in
a sampling system, kT/C, where K is
Boltzmann’s constant, T is temperature

provide peak-to-peak or noise-free-bits
estimates. The conversion of an rms-bits
value to a peak-to-peak-bits value is
peak-to-peak bits�rms bits�log2(2�
3.3) bits, where log2(6.6) bits�2.723
bits. This formula assumes an industry-
standard crest factor of 3.3. 

In retrospect, the theory of noise per-
formance of oversampling ADCs has
not kept up with actual silicon. Devel-
oping the best oversampling converters
encompasses using engineering insight,
approximations, and theory. The theo-
ry behind the noise generation of these
types of converters remains underde-
veloped. Thus, manufacturers use char-
acterization and test to specify over-
sampling, converter-generated noise. 

The general assumption is that the
noise from oversampling architectures
is gaussian in nature. You can prove this
assumption by looking at several thou-
sands of samples in a histogram graph.
You can reduce your sample size to sev-
eral hundred if you calculate the rms
value and then apply the peak-to-peak
formula above.EDN

f it weren’t for the pesky real world, analog circuits would have dis-
appeared long ago. However, entities such as temperature, sound,
pressure, and vibration (to name a few) just won’t go away.
Nevertheless, the trend in the electronics industry continues to
drive toward a totally digital system. The industry will never anni-

hilate analog circuits, but with a certain degree of indifference, digital-
circuit designers continue to promote their domain of choice. 

I

in Kelvin, and C is capacitance in
farads; resistor noise; aperture jitter;
quantization noise; differential nonlin-
earity; and integral nonlinearity. With
the decimation filter and digital inter-
face, this type of ADC’s circuitry is
almost completely digital. 

When you use an oversampling-ADC
architecture, some manufacturers as-
sume that the resulting noise from mul-
tiple conversions is random. When you
apply a “noiseless” dc signal, such as
ground, to the input of the oversampling
converter, multiple digital-output codes
theoretically generate a gaussian distri-
bution. If the sample is large enough, the
standard deviation of the data is repeat-
able, providing the effective bits for the
converter. Given these conditions and
assumptions, you can apply an rms or
standard-deviation calculation to esti-
mate performance over time as well as

Oversampling ADCs: 
effective versus noise-free bits

Bonnie Baker is the author of A Baker’s
Dozen: Real Analog Solutions for 
Digital Designers. You can reach her at
bonnie.bbaker1632@aol.com.

The general
assumption is that
the noise from
oversampling 
architectures is
gaussian in nature.

MORE   AT EDN.COM

Go to www.edn.com/060216bb
and click on Feedback Loop to post a
comment on this column.

For more of Bonnie’s recent
columns, visit:

Protect your circuits from ESD
occurrences, www.edn.com/article/
CA6283830.

The power of moving-average
digital filters, www.edn.com/article/
CA6290448.
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RoHS compliant products–
now available in paperback.

Order your copy today; quantities are limited. 
www.newarkinone.com/catalog
Make room for two essential tools: the industry’s best all-around 
electronics catalog and the first all-RoHS catalog, featuring:

Step-by-step guide to RoHS compliance
Huge selection of in-stock RoHS compliant products
Free RoHS data service to update your parts lists/BOMs

© 2006 Newark InOne, a service mark of Premier Farnell Corp.
All other trademarks, registered or unregistered,

are the property of their respective holders.

RoHS Compliant

RoHS COMPLIANT

ELECTRICAL & CIRCUIT PROTECTION

INTERCONNECT PRODUCTS/
WIRE & CABLE

LAMPS & DISPLAYS

OPTOELECTRONICS

PASSIVES

POWER PRODUCTS

SEMICONDUCTORS & PROTOTYPING

TEST & MEASUREMENT

TOOLS & PRODUCTION SUPPLIES
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ate August 2005 brought a killer deal from Philips’ online store: a
PSC805 Aurilium 5.1-channel external sound processor at 60% off
its previous $50 asking price. What do $20 plus sales tax and free
shipping translate to in terms of included hardware? If you rely on
the company’s DSP heritage and the product’s documentation, it’s

not what you might think. The PSC805 isn’t a bad deal at $20 (or even $50),
but don’t mate it with an anemic or pre-Windows 2000-powered PC or rely on
it to accurately capture your next high-resolution-audio masterpiece.

L

The unit’s packaging touts USB 2.0
support but neglects to include the
“full-speed” (12-Mbps) qualifier. The
Texas Instruments TUSB3200
streaming-audio controller (with cor-
responding crystal above it), which
the company identifies as a USB 1.1-
to-I2C transceiver, reveals the truth
behind the marketing propaganda.

The PSC805 claims to enable you to experi-
ence “high-definition 5.1 audio on your laptop
or PC.” Indeed, the Philips UDA1338H’s audio
codec’s DACs (which work in tandem with
amplifiers to drive as many as six speakers)
accept 24-bit input sources, and its ADCs out-
put 24-bit I2C-formatted data. But eight of
those bits largely go to waste because of the
16-bit-sample-size limitation of the USB con-
nection to the PC, coupled with a reliance on
PC-based software for most audio processing.

Another big surprise: The
PSC805 also contains dis-
crete logic in the form of
two Philips 74HCT541 line-
driver ICs that work in tan-
dem with the CPLD to
selectively illuminate the
front-panel LEDs. The final
surprise (or maybe not,
given the unit’s price tag):
no dedicated audio DSP.
Instead, bass and treble
boost (as well as more gen-
eral equalization), two-chan-
nel audio expansion, six-
channel audio virtualization,
reverberation, and other
audio-processing algo-
rithms run on the host PC.

One big surprise: This high-volume,
cost-sensitive consumer-electronics
product contains a Lattice Semicon-
ductor 64-macrocell CPLD. Extrapolat-
ing from the pc-board traces, it per-
forms a number of gatekeeper func-
tions, such as:
• translating I2C audio to S/PDIF,
• driving front-panel LEDs and gener-

ating outgoing commands that route 
to the PC over USB, and

• responding to incoming commands
from the PC over USB and 
consequently controlling other
PSC805 circuitry.

Sonic surprises 
Dissecting the high-resolution hype

PRY FURTHER AT EDN.COM

For expanded analysis and addi-
tional internal and external 
pictures of the PSC805, visit
www.edn.com/060216pry.

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

Philips’ product brief trumpets that the PSC805 includes “24-
bit/96-kHz audio hardware,” and indeed it does—the AKM
Semiconductor AK4353 DAC for the headphone jack. However,
the USB interface’s 16-bit sample-size limitation, along with its
48-kHz sampling-rate constraint, attenuates the hype.

+
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Davinci™ Technology makes astounding

creativity possible in digital video devices

for the hand, home and car. The DaVinci

platform includes digital signal processor

(DSP) based SoCs, multimedia codecs,

application programming interfaces, applica-

tion frameworks and development tools, all

of which are optimized to enable innovation

for digital video systems. DaVinci products

will save OEMs months of development time

and will lower overall system costs to

inspire digital video innovation. So what are

you waiting for? You bring the possibilities.

DaVinci will help make them real.

Portable Media Player  IP Set Top Box       Automotive Infotainment      Digital Still Camera      Digital Video Innovations            Video Surveillance      Video Phone & Conferencing

What is DaVinci?

Now that DaVinci products are here, your
digital video innovations are everywhere.

That’s the DaVinci Effect.

Processors: Digital Video SoCs:
- TMS320DM6446 – Video encode/decode
- TMS320DM6443 – Video decode

Tools: Validated Software 
and Hardware Development
- DVEVM (Digital Video 

Evaluation Module)
- MontaVista Development Tools
- Code Composer Studio IDE

IP SET-TOP BOX:
Stream and
record any 
format video
from anywhere
onto your TV.

SPEED VIDEO DESIGN:
TI’s digital video 
framework simplifies 
development.

Digital video 
evaluation module
allows for rapid
prototyping of new
designs.

Program the SOC via 
industry recognized APIs.

PORTABLE MEDIA PLAYER:
Video on the go–playing 
on the TV, in the car or 
in your hands.

DIGITAL STILL CAMERA:
Crops photographs, 
cleans up pictures and
records memories.

VIDEO SURVEILLANCE:
Intelligent system notifies 
you when someone
approaches and instantly
emails you a photo.

DaVinci, Code Composer Studio IDE, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1321AO © 2006 TI 

Performance Benchmarks: Software: Open, Optimized 
and Production Tested
- Platform Support Package
- MontaVista Linux Support Package
- Industry-recognized APIs
- Multimedia frameworks
- Platform-optimized, multimedia codecs:

- H.264     
- MPEG4    
- H.263     
- MPEG2     
- JPEG      
- AAC+      

- AAC
- WMA9
- MP3
- G.711
- G.728
- G.723.1

- G.729ab
- WMV9/

VC1

>>> For complete technical 
documentation or to get 
started with our Digital Video 
Evaluation Module, please visit
www.thedavincieffect.com

STANDALONE CODECS DM6446 DM6443

MPEG-2 MP ML Decode 1080i+ (60 fields
/30 frames) 720p+

MPEG-2 MP ML Encode D1+ n/a

MPEG-4 SP Decode 720p+ 720p+

MPEG-4 SP Encode 720p+ n/a

VC1/WMV 9 Decode 720p+ 720p+

VC1/WMV 9 Encode D1+ n/a

H.264 (Baseline) Decode D1+ D1+

H.264 (Baseline) Encode D1+ n/a

H.264 (Main Profile) Decode D1+ D1+

+ denotes available processor headroom for analytics and/or other features
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For more information please visit our website 

www.avagotech.com

Avago Technologies

From the first commercial LED displays to the first 
optical mouse . . . from the first fiber optic transmitters 
and receivers for data communications to the first 
low-cost transmitters and receivers for SERCOS robotic 
technologies: our inventions have been transforming 
the way the world works for quite some time now.

Avago Technologies is one of the leading global 
suppliers of analog, mixed-signal and optoelectronic 
components and subsystems. We've helped tens of 
thousands of OEMs bring new ideas from the drawing 
board through the distribution channel. Including 
many of the world's top manufacturers. And with more 
than 2,000 patents and patents pending, we've 
invented-and reinvented-more than a few of the 
markets we serve. 

 

So how come you've never heard of us?  Well, you 
have-just not by our new name. We started as the 
semiconductor division of Hewlett-Packard, then 
continued as part of its spinoff, Agilent Technologies. 
Now we've spun off ourselves to become . . . Avago 
Technologies. The largest privately-held independent 
semiconductor company in the world. And quite 
possibly the world's oldest startup.

Would you like to know more about who we are and 
what we do?  Visit us at  www.avagotech.com.  And 
learn all about how we're inventing the future . . . 
all over again. 

For the past 40 years,
we’ve been inventing 
the future.
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ith more software than ever for SOC (sys-
tem-on-chip) designs, programmers and
system architects face a growing and vex-
ing problem: how to evaluate and optimize
software performance early in the design
phase, well before silicon is in hand. To

solve this problem, programmers are turning to virtual platforms,
which use software to model the architecture and functions of
the target hardware.

When designers carefully perform this task with the help of
other software tools, such platforms are proving to be effective
ways to make early assessments of important performance meas-
ures related to how well embedded software functions and its
interaction with yet-to-come hard-
ware. Virtual platforms can predict
CPU efficiency, data-transfer and
cache-miss rates, interrupt latency,
functional hot spots, and other per-
formance measures. 

To understand and appreciate the
nature and value of virtual platforms,
consider the case of one that assesses
the performance of a USB system-soft-
ware stack. The developers’ choice is
well-justified, given that USB 2.0,
with its 480-Mbps transfer rate,
makes it a popular choice for carrying
real-time audio and video data. As a
result, USB is increasingly finding its
way into multimedia products, such as
set-top boxes and mobile phones.

Such a platform can be especially
helpful because USB interactions
involve a complex protocol and sub-
stantial interdependence between
hardware and software. This situation
demands that software architects as
early as possible not only validate the
USB system software, but also esti-
mate the load that the software places
on the CPU, as well as the impact of
interrupt latencies to ensure that
USB is indeed a viable choice. 

Such performance predictions require a virtual platform that
closely models the functions of actual hardware, including the
processor, cache and system memory, USB peripherals, USB
EHCI (extended host-controller interface), and USB device.
In addition, a profiling tool is necessary to find functional hot
spots in the software stack and to accurately predict the time
necessary for performing functions. The results the developers
obtain with the platform prove to align with theoretical pre-
dictions, and the platform proves stable enough to assess the per-
formance of the USB stack on actual hardware. Moreover, the
platform accurately reflects changes in performance in cases in
which developers modify the software stack.

In this case, designers devised a method of evaluating the per-

BY KSHIT IZ  JAIN, ROHIT J INDAL, BHUVAN MIDDHA, AND ROB SMART • STMICROELECTRONICS

Preview USB performance 
in an SOC design using a
SystemC virtual platform
SYSTEMC TRANSACTION-LEVEL MODELS SUPPORT OPTIMIZATION 
OF EMBEDDED CODE BEFORE SILICON ARRIVES.
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Figure 1 A two-step process first executes the USB software stack on an instruction-set simu-
lator that models the host processor, generating a trace file that records all instruction- and
data-memory accesses, as well as any hardware interrupts. In the second step, the trace file
passes to a traffic generator that feeds data to the platform’s transaction-level models.

INSTRUCTION-SET-
SIMULATOR
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SYSTEM 
MEMORY
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formance of the USB system software stack running in a DVR
(digital-video-recorder) subsystem embedded within a set-top-
box chip. The DVR includes a USB hard-disk drive to record
and play video- and audio-data streams. The USB software stack
comprises a sample single-threaded DVR application that per-
forms a series of read and write operations with the drive.

The functional platform mimics the operation of the DVR
hardware with sufficient detail to reveal important timing
parameters. Specifically, the platform models a USB host con-
troller, a hard-disk drive, and system and cache memory. A novel
feature of the platform is that it comprises transaction-level
models written in SystemC, thus demonstrating this approach
as valid for building virtual platforms to evaluate complex
embedded software. Developers typically model system-hard-
ware components using RTL (register-transfer-level) models,
which represent a lower level of abstraction than the transac-
tion-level models.

PLATFORM SETUP
The virtual platform comprises a USB 2.0 EHCI, a USB hard-

disk drive, a cache simulator, a host-processor-instruction-set sim-
ulator, and system memory. The USB 2.0 EHCI mimics the func-
tions of the host controller and provides accurate timing values
associated with the 480-Mbps data rate, as well as access-mem-
ory time, based on a memory model, and write and read times
for the EHCI registers. The EHCI also serves as a DMA master,
which can make noncached accesses to the system memory.

To trace all instruction and data accesses, the USB software
stack runs on an instruction-set simulator, which developers build
from transaction-level hardware models. The instruction and data
traces pass to the virtual platform, which measures CPU usage,
cache-miss rate, and interrupt latency. In addition, Flexperf, a
highly configurable, extensible, and modular profiling tool, iden-
tifies functional hot spots and helps to debug the software stack.

The system addresses the hard-disk drive as an I/O file divid-
ed into sectors and complies with the mass-storage-device spec-
ification, including the “bulk-only” specification, from the USB
Implementers Forum. As a result, it executes all of the standard
device requests accessible through endpoint 0. It also executes
a subset of SCSI commands that relate to the DVR through end-
points 1 and 2.

The cache simulator, which models a configurable cache
memory, comprises a wrapper around Dinero, an open-source,
trace-driven cache simulator. As for the system processor, a
wrapper around the instruction-set simulator models a 216-MHz
STMicroelectronics C2 CPU core. The simulator converts the
processor’s memory accesses to transaction-level models. The
developers modeled the system memory as a RAM array, and
all of the models connect through a transaction-accurate chan-

nel roughly based on ARM’s AHB (advanced high-performance
bus) and a channel that developers modeled loosely on the USB.

Invoking the platform to assess the software-performance
parameters involves a two-step process (Figure 1). In the first
step, the USB software stack runs on the ST20 instruction-set
simulator. This action generates a trace file that records all
instruction- and data-memory accesses, as well as any interrupts
that the hardware initiates. In the second step, a traffic gener-
ator parses the trace file and generates equivalent transaction-
level operations on a transaction-accurate channel.

The two-step evaluation process represents the normal process
of chip design. In the first step, the designer breaks down the
design into separate functional blocks operating in parallel to
achieve the desired application functions. Therefore, the first
platform contains only functional models and no reference time.
Using the same functional blocks, designers can have different
implementations—mainly timing and performance models—
which they perform in Step 2. This approach allows users to try
microarchitecture implementations using a common set of ref-
erence functions.

The result is a common SystemC-based platform with no
external dependencies and with the SystemC simulator’s time
serving as a reference for evaluating performance. Similarly, the
system abstracts instruction and data memory out as SystemC
transaction-level models to accurately simulate access times.
The two-step approach also makes it easier to link the cache
simulator with the traffic generator as a way to model the effect
of the cache on the hardware.

PERFORMANCE PARAMETERS
The performance figures that the virtual platform generates

derive from the fact that the total time it takes for the SystemC
simulator to run the application corresponds to the total time
for the application to run on the actual hardware. The appli-
cation runtime, in turn, depends on instruction-access times as
well as latencies associated with the EHCI, cache memories, and
other functions. From these values, you can determine key per-
formance measures, such as CPU usage, data-transfer rate,
cache-miss rate, and the number of interrupts.

Of these, CPU usage—the percentage of time that the CPU
spends executing the software stack—is the most important
parameter for evaluating stack performance. It represents time
that the CPU is unavailable to run other applications. To deter-
mine CPU usage, however, you must first determine and then
subtract the CPU-idle time. The idle time is the time that the
software stack spends in an idle thread, waiting for a hardware-
generated interrupt. This idle time occurs after the sample DVR
application commits a block of data to move to or from the hard-
disk drive but before the occurrence of the hardware interrupt
that initiates the next transfer. You must subtract this time from

38  EDN |  FEBRUARY 16, 2006

TABLE 1 EFFECT OF BLOCK SIZE ON CPU USAGE
Block size No. of CPU
(kbytes) interrupts/iteration usage (%)

32 Three 40.5
64 Three 27.25

128 Three 17.75
256 Three 13.25
512 Four 11.5

1024 Six 10.75
2048 10 10.25

TABLE 2 EFFECT OF CACHE PARAMETERS 
ON CPU USAGE
Cache size Demand Instruction Data CPU
(kbytes) misses misses misses usage (%)

1 69,577 52,134 17,443 8.63
2 40,839 32,921 7916 7.72
4 21,911 17,605 4306 7.2
8 11,291 7818 3472 6.86

16 7166 4084 3082 6.82
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PRO BEAM, PARA-OPTIX and TYCO are trademarks.

Never before could you do so much with so little: you get the 
benefit of a high-density interconnect in accepted industry standards.
With the PARA-OPTIX and MPO Connectors you can replace 12, 24
or up to 72 fiber connectors with a single compact interface. You get
better cable management, use less space on the board or panel and
spend less time during installation. But most important, you can
more easily handle today’s data-intense applications, from the 
central office to fiber to the desk. For more information, visit
www.tycoelectronics.com/productinfo and request our 
Fiberoptics catalog.

At Tyco Electronics 
high density really shines

Rugged HD1.25 Terminus and Adapter
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LC ODVA Con-
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the total because, strictly speaking, during that time, the USB
software stack does not occupy the CPU.

At this point, you invoke the Flexperf profiling tool to meas-
ure the time that the CPU spends in the idle thread. You feed
the tool an input-trace file that contains the program counter
and the corresponding time, as well as a map file. The map file
defines the starting and ending addresses associated with the
idle-thread function. From these inputs, the profiling tool cal-
culates the time spent idling, which you then subtract from the
CPU time to obtain an accurate figure for CPU usage.

You calculate the data-transfer rate across the USB by divid-
ing the total data moving across the USB, including control,
bulk, and protocol information, by the total simulation time to
run the sample application. However, USB 2.0’s 480-Mbps rate
is a theoretical maximum. The actual data rate is much less
because of protocol overhead as well as the time spent fetch-
ing schedules and data from system memory, especially when
the EHCI cache is small. The rate at which software can pres-
ent that data to the hardware also limits the data rate.

When you provide the Dinero open-source cache simulator
with memory-traffic information, it generates statistics on
instruction, data, and overall miss rates. From this data, you can
determine the best cache configuration. To record the number
of interrupts in the ST20 host-processor trace file, you count
the number of interrupts that the ST20 wrapper has trapped.
These basic performance figures enable you to derive several
other parameters, including the total number of executed
instructions that the instruction-set simulator reports; the CPU’s
execution time, which is the total time minus the idle time; the
CPU’s total instruction-execution time; and the total CPU read
and write times.

The performance results you obtain with the virtual platform
in this case are mathematical derivations that are beyond the
scope of this article. However, the elements of these derivations
include the relationships between maximum SCSI buffer size,
the amount of data that transfers during a read or a write oper-
ation, how long the system software takes to service an inter-
rupt, and the time associated with processing SCSI commands
to the hard-disk drive.

Using the virtual platform, you can observe the effects of block
size, total data transferred, cache parameters, data-transfer
mechanism, stack size, CPU usage, and other key performance
data. Significantly, the results using hardware align with the vir-
tual platform’s predictions, easily justifying its development. For
example, the virtual platform shows that increasing the block
size—that is, the amount of data it transfers in each read or write
operation—decreases the CPU usage (Table 1). The amount
of the decrease, however, shrinks for larger blocks. The platform
also predicts that CPU usage decreases as the amount of data
transferred grows. The platform makes these predictions assum-
ing that the ST20-C2 core runs at 216 MHz; has a 10-nsec
cache-hit latency; has a 160-nsec, single-word, memory-access
time, and can buffer a maximum of 256 kbytes of data before
waiting for a hardware interrupt. The platform also assumes that
the cache model comprises 8-kbyte, two-way, set-associative
instruction and data caches, each having a 16-byte block. Also,
it assumes that the USB transfer rate is 80 Mbytes/sec.

Surprisingly, the platform indicates that cache size has little
impact on the performance of the USB stack. One experiment

varies key cache parameters of size, associativity, and block size.
Although different parameters cause large differences in the
demand misses of the total application, the impact on CPU
usage is insignificant. In this phase of simulation, you derive
CPU usage by subtracting the total CPU time to run the appli-
cation from the CPU time for initialization, including device
enumeration. The results clearly suggest that read and write
operations to the hard disk comprise fairly regular accesses to
both instruction and data memory. That is, with the read and
write operations showing high spatial and temporal locality, the
overall number of misses to the hard-disk drive remains nearly
constant, regardless of the variations in cache parameters.

Table 2 summarizes the results of varying cache size. Instruc-
tion and data caches are the same in all cases, associativity is
two, and block size is 16 bytes. Table 3 shows the results of dif-
ferent associativity values for 8-kbyte caches also having 16-byte
blocks. Table 4 summarizes the results of variations in block size
for 8-kbyte caches having an associativity of two. The results
assume a 5-nsec cache-hit latency and four-word accesses tak-
ing 160 nsec per word.

In contrast to the minimal effects of cache size on CPU effi-
ciency, a wide variation exists between the ways that the EHCI
moves data to and from memory. The copy-semantics approach
moves data from a cached to a noncached region accessible to
the EHCI. Noncopy semantics assumes that the EHCI can access
the memory region containing the desired data. In this ap-
proach, the memory region is noncached, and a direct pointer
to that location passes to the EHCI.

The widely different performance figures for the two mech-
anisms occur because with noncopy semantics, no data copies
from one memory region to another, eliminating all move
instructions and significantly cutting the workload for moving
large amounts of data. For example, when transferring 32 Mbytes
in 64 iterations of 256 kbytes each, the virtual platform shows
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TABLE 4 EFFECT OF BLOCK SIZE ON CPU USAGE
Block size Demand Instruction Data CPU
(bytes) misses misses misses usage (%)

4 28,112 17,081 11,031 6.94
8 17,303 11,331 5972 6.92

16 11,291 7818 3476 6.86
32 8978 6406 2572 7.03

TABLE 5 EFFECT OF STACK SIZE ON CPU USAGE
Stack size (kbytes) Total no. of instructions CPU usage (%)

15 6,411,704 8.9
64 6,562,020 9.04
167 6,866,921 9.32
269 7,175,012 9.61
371 7,480,699 9.9
474 7,779,426 10.17
576 8,095,716 10.46
679 8,403,217 10.74

TABLE 3 EFFECT OF CACHE ON CPU USAGE
Cache set- CPU
associative Demand Instruction Data usage

count misses misses misses (%)
One 23,173 14,312 8861 7.18
Two 11,291 7818 3472 6.86
Four 8582 5680 2902 6.83
Eight 7331 4501 2830 6.78
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Datasheet, eval kit with USB 
interface, free samples, and 
more information available at 
www.intersil.com

ISL6299 Key Features:
Dual-Input charger for single-cell Li-ion/
Polymer Batteries for Cradle and USB
Low Component Count
Integrated Pass Element
Fixed 380mA USB Charge Current
Programmable Cradle Charge Current
Charge Current Thermaguard™ for 
Thermal Protection
28V Maximum Voltage for the Cradle Input
Charge and Adapter Presence Indicators
Less than 0.5µA Leakage Current off the 
Battery when No Input Power Attached
Programmable end-of-charge current with 
latch for Cradle Input
No External Blocking Diode Required
Pb-Free Plus Anneal Available 
(RoHS Compliant)

Unshackle Your 
Handheld Device 
From Its Cradle
Intersil’s ISL6299 is a fully integrated low-cost Li-ion 
or Li-polymer battery charger that accepts both USB 
port and desktop cradle charger. 

Intersil High Performance Analog

Intersil Battery Charger ICs

Intersil – Switching Regulators for precise power delivery.
©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Programmable end of charge optimizes 
end-customer applications. High input 
voltage tolerance protects the device when 
used with low cost unregulated supplies or 
in under input transient conditions.

Cradle input. The max input voltage tolerance is 28V. Programmable 
charge current up to 1A and programmable end of charge current. The 
included end of charge latch is the default input source. 

USB input. Takes input from USB port or other low voltage supply. Fixed 
charge current at typically 380mA. Only charges when cradle source is 
not connected.

The ISL6299 is a low component count solution that features
programmable cradle charge current, charge indication, adapter 
present indication, and programmable end-of-charge (EOC) current 
with latch. All these advanced features, along with Intersil’s Therma-
guard™ technology for an added measure of thermal protection, are 
delivered in this single chip available in a tiny 3x3 mm DFN package.

ISL6299 System

Fast-charging rates of an AC 
adaptor for when you have 
access to cradle.

Sync-up and fuel-up directly from your 
laptop with convenient USB charger.

28V tolerant cradle with 
overvoltage protection.
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a data rate and CPU usage, respectively, of
5051 kbytes/sec and 6% for copy semantics
versus 7700 kbytes/sec and 40% for noncopy
semantics.

In assessing the effect of stack size, the vir-
tual platform yields counterintuitive results
in predicting that a smaller stack would cut
CPU usage (Table 5). Along with CPU usage, the table shows
that a larger stack also increases the number of instructions exe-
cuted for an application.

Changing the heap size, however, keeps the results un-
changed. (The heap is a region of memory that the software
application can directly allocate and deallocate. In contrast, the
compiler, rather than the application, manages the stack.) These
results, which reflect, as in other cases, a 216-MHz processor-
clock rate and a 10-Mbyte/sec data rate, are surprising because
the compiler controls the stack, whose size should not matter.

Despite the promising results a virtual platform achieves, it
is still in some ways inconsistent with the operation of the hard-
ware. For one thing, the model of the ST20 processor traffic gen-
erator is too simple. It assumes that the execution stage for every
instruction has a constant average time, which is not always the
case. In addition, the traffic generator models neither the proces-
sor pipeline nor any pipeline stalls. Nevertheless, some of these
factors cancel each other out to give fairly accurate results.

Ongoing efforts are focusing on building more complex plat-

forms and developing seamless methods
to evaluate the performance of any soft-
ware stack. For example, work is under
way to combine the virtual platform with
profiling tools such as Flexperf, giving
software writers and system architects a
unified way to evaluate and enhance the

performance of embedded code.EDN
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Intersil Switching Regulators

Intersil – Switching Regulators for precise power delivery.
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The first line of defense 
against heat is a 
thermally-efficient HTSOP-28 
package, which utilizes an 
exposed thermal pad 
underneath the IC to spread 
heat through the PCB.

The VTJ pin is a 
formula-based, accurate 
indicator of the internal 
silicon junction temperature.

If all else fails and the 
temperature sensor indicates 
a junction temperature above 
135°C, the PWM Regulator 
will shut down.

Key Features:
4A (EL7554) and 6A (EL7566) 
continuous output current
Up to 96% efficiency
Built-in 5% voltage margining
3V-to-6V input voltage
0.58 in2 (EL7554) and 0.72 in2

(EL7566) footprint with 
components on one side 
of PCB
Adjustable switching frequency 
to 1MHz

For more information and samples, 
go to www.intersil.com/edn

Easy-to-use simulation tool also 
available. Modify switching frequency, 
voltage ripple, ambient temperature 
and view schematics waveforms, 
efficiency graphs and complete BOM 
with Gerber layout. 
www.intersil.com/iSim

What’s Black, White, 
and Cool All Over?
Maintaining IC temperatures doesn’t have to 
be a riddle. Intersil's new high current 
Integrated FET Regulators have the industry's 
only true Thermal Protection with auto shut 
down at 135°C.
Intersil's EL7554 and EL7566 DC-DC buck regulators with internal 
CMOS power FETs operate from 3V-to-6V input voltage and are 
capable of up to 96% efficiency.  But what's really cool about these 
devices is ground breaking features like built-in Thermal Protection 
and Voltage Margining for actual in-circuit performance validation.
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growing—seemingly just as fast as are
bandwidth, sampling rate, and memory
depth.

Over the past few years, scopes’ ana-
lytical and computational prowess has
shown no signs of slowing its ascent.
Adding analytical capabilities is, howev-
er, only part of the challenge of design-
ing computationally intensive oscillo-
scopes. Another important part is ensur-
ing that new capabilities of mind-bog-
gling sophistication don’t actually boggle
the minds of the target users. A scope is
probably better off without features that
are so difficult to operate that users give
up trying to make them work. Scope
designers often liken their progeny to
motor vehicles and refer to the panoply
of usability issues under the heading of
“How an instrument ‘drives.’”

As important as scopes are in EEs’ jobs,
most engineers still regard the instru-
ments as mere tools—adjuncts to accom-

plishing the task at hand, not the objects
of the work. Greater ease of use both
responds to and encourages this attitude;
when you can make a measurement with-
out giving the technique much thought,
it is comforting to believe that the pro-
cedure merits little thought. Moreover, in
this era of constricted schedules and
budgets, there is rarely time to think
about problems that seem peripheral to
completing a job. Alas, such thinking can
be dangerous (see sidebar, “Calibrating
scopes’ high-frequency amplitude accu-
racy: more difficult than you might
think”). Modern scopes make inherent-
ly difficult measurements seem easy, but,
all too often, the measurements are less
straightforward than they appear. Failure
to recognize this fact and to understand
the instrument and the technique can
lead to erroneous or meaningless re-
sults—whose lack of validity can go
unrecognized until the consequences

become painfully obvious and corrective
action is prohibitively expensive.

A FOOL’S ERRAND
Becoming enough of a scope expert to

select the best unit for your application
and to use the instrument in the most
advantageous possible way requires effort.
Indeed, some say that attempts to find the
best scope or to most effectively use it are
fools’ errands. To begin with, no two
engineers are likely to agree on defini-
tions of “best” and “most advantageous”
in the context of selecting and using
scopes. Second, data sheets, the principal
presale documents by which engineers
select scopes, have become voluminous,
sometimes exceeding 30 pages packed
with footnotes and fine print. Third,
many midmarket scopes and nearly all
high-end units are now PC-based, which
usually means based on standard versions
of Windows. In such instruments, a Win-
dows-based software application deter-
mines how you access the multitude of
scope features.

The complexity of scope applications
is certainly at least comparable with that
of common shrink-wrapped office-soft-
ware applications, such as Word and
Excel from Microsoft (www.microsoft.
com). Most office-application users avail
themselves of only a small fraction of the
software features. So it is with scope users.
Moreover, a common problem for many
scope users is that they don’t use the
instruments every day, yet, when they
slide into the driver’s seat, they need to
quickly get answers to their questions
about the unit or device under test. In
other words, the methods of accessing

MODERN DIGITAL SCOPES NOW DO MUCH OF THE
HEAVY LIFTING IN MEASUREMENT AND ANALYSIS. BUT
SUCCESSFUL USE OF THESE ADVANCED CAPABILITIES
REQUIRES DOING YOUR HOMEWORK.

��DIGITAL SCOPES

eople often say that EEs are almost obscene-
ly fortunate to have a tool that provides as
much insight into fundamentally invisible
processes as do oscilloscopes into the inter-
nal workings of electronic circuits and sys-
tems; no other profession has a tool that
reveals as much. Despite the embarrassment
of riches that scopes afford their users, man-
ufacturers continue to find ways to make the
instruments more valuable. Unquestionably,
the old cries of “faster” (referring both to

bandwidth and sampling rate), “deeper” (referring to depth of
acquisition memory), and “less costly” continue to motivate scope
designers. But the ways to make scopes even more useful are

P
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and using scope features should be intu-
itive—conforming, wherever possible, to
the conventions with which the users are
familiar.

Scope manufacturers point out that—
at least with high-end instruments—your
most valuable ally in selecting and effec-
tively using the right instrument can be
the field engineer who sold you the
scope—or is trying to sell it to you. He
can help you set up side-by-side compar-

isons with competitive units before your
purchase and can supply advice and
accessories to help you effectively use the
scope. Representatives of distributors that
sell scopes may offer similar services. Also,
don’t assume that factory support is un-
available to you because you purchased
your instrument from a distributor. De-
pending on the manufacturer and the
scope model you purchased, the factory
may offer support. And remember that
most scope vendors’ Web sites offer a
wealth of application notes containing
information on effective use of the com-
panies’ products. Tables 1 and 2, at the
Web version of this article at www.
edn.com/060216cs,  summarize key spec-

ifications of real-time-sam-
pling scopes from four major
manufacturers.

BEGINS WITH PROBE
An appropriate place to

begin a discussion of modern
scopes is with the probe. The

probe tip is where the instrument
meets the device under test. Time was
that engineers considered only a few
megahertz to be a high frequency. Now,
probing gigahertz signals is commonplace,
and familiar serial buses transmit signals
at rates in excess of 3 Gbps. Scope man-
ufacturers recommend that your scope
and probe together have a �3-dB band-
width at least 1.8 times the bit rate. So,
if you are working with a bus whose raw
bit rate is 3.125 Gbps, your scope and
probe should have a combined bandwidth

of at least 5.625 GHz. (A bus with a raw
bit rate of 3.125 Gbps usually carries
information at 2.5 Gbps; 8-bit/10-bit
clocking embedded within the data
stream limits the information rate to 80%
of the raw bit rate.) The bandwidth clos-
est to 5.625 GHz that scope manufactur-
ers advertise is 6 GHz. The 6.67% mar-
gin above 5.625 GHz can help to com-
pensate for bandwidth reduction attrib-
utable to the probe.

Several points are important. The first
is that probing such high-speed serial
buses is a job for differential active probes.
At these speeds, nearly all buses are dif-
ferential, and the signal swings are small
for a variety of sound reasons: Unlike sin-
gle-ended circuits, differential receivers
tend to reject common-mode “noise,”
enabling the use of smaller signal swings;
differential circuits also radiate less noise
and subject power-supply rails to less tran-
sient loading than do single-ended cir-
cuits. But the smaller signal swings mili-
tate against passive probes, which, to
reduce capacitive loading, generally
attenuate their input signals. In addition,
using two scope inputs to view one dif-
ferential signal is out of the question.
That approach effectively not only
halves the number of channels on your
scope, but also provides input-terminal
pairs that are inadequately matched at the
frequencies involved. The result can be
the appearance on the screen of wave-
form artifacts that don’t exist.

Multigigahertz-bandwidth differential
active probes are amazingly clever, and

Today’s scopes can find anomalous waveforms for you if you tell them what to look for.
LeCroy calls the feature exclusion triggering. Other manufacturers offer similar features
but use different names.
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AT A G L A N C E
Especially when working with high-

speed serial buses, engineers need
active differential probes. Scope 
manufacturers differ on how best to
design such probes. Although probing
wideband circuits always affects the
measured signals, well-designed
probes minimize loading effects.

In response to users’ demands to
view waveforms in greater detail, some
newer scopes sport screens as large
as 12.1 in. diagonal.

For the widest-bandwidth measure-
ments, the new NRO (near-real-time
oscilloscope) minimizes the drawbacks
of sequential-sampling instruments
and provides rapid waveform acquisi-
tion and deep memory.

�

�

�

The three members of Tektronix’s
DPO7000 series sport 12.1-in.-diago-
nal, XGA-resolution, 1024�768-pixel
screens. The top-of-the-line, 2.5-GHz-
bandwidth unit accommodates 400M
samples of acquisition memory, all of
which you can assign to one channel.
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Total Noise Immunity
High Speed, Reliable Capacitive Isolation 

TI’s capacitive digital isolation technology conveys data across an oxide barrier at significantly
higher rates than optocouplers, has substantially improved common mode transient immunity
and greatly reduced power requirements. The ISO721 – a highly reliable, single component, EMI
resistant solution ideal for your data transmission needs.

High Performance. Analog.Texas Instruments.

For a datasheet, sample and 
evaluation module, visit 
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their sophistication is likely to grow in the
next few years. Manufacturers disagree
about the best way to design and charac-
terize these devices, but all manufactur-
ers seem to agree on one fact: If you are
trying to acquire multigigahertz signals, it
is impossible to connect a probe to a unit
under test without imposing some load on
the signal you are trying to measure.

Manufacturers disagree, however, on
whether that loading always has a mean-
ingful effect on the waveforms you wish to
view. Nevertheless, it is difficult to refute
that, unless a probe is designed with the
utmost care, the loading effects not only

can be meaningful, but also can make
unacceptable waveforms appear perfect-
ly fine or vice versa. For example, probe-
induced errors can cause what is, in fact,
a good waveform to appear to violate an
eye-diagram mask or can make a wave-
form that violates the mask appear to
comply.

That probes impose capacitive loads on
units under test is well-known. However,
a probe’s series inductance is also impor-
tant in determining the probe’s response
at several gigahertz. Moreover, the reso-
nance between the probe’s shunt capaci-
tance and series inductance can have

even more dramatic effects both on the
loading of the unit under test and on the
probe’s frequency and transient response.

PROBES GET SMARTER
Modern probing systems from all of the

major scope manufacturers include facil-
ities for bidirectional communication
between the scope and the probe. Mod-
ern active probes do more than merely
send the scope an amplified or buffered
replica of the waveform at the probe tips,
and the scope does more than just supply
power to such probes. For example,
LeCroy’s newest probes store dynamic
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CALIBRATING SCOPES’ HIGH-FREQUENCY AMPLITUDE ACCURACY:
MORE DIFFICULT THAN YOU MIGHT THINK

Customer questions and
complaints about scope
amplitude accuracy are
fairly common. Customers
try to measure the accu-
racy with a swept sine
wave from a signal gener-
ator. Users shouldn’t try
this procedure them-
selves. Although the
measurement sounds
legitimate, the results are
almost always wrong
when the frequencies are
higher than a couple of
gigahertz.

The first problem is that
you need to level the
generator output at the
output end of the cable.
Even the best cables—
those that cost more than
$1000—have some ampli-
tude loss when you get to
the several-gigahertz
range. The only way to
use a signal generator to
measure amplitude accu-
racy is to use a high-qual-
ity, calibrated power
divider at the end of the
cable that connects to the
oscilloscope.

One output of the
power divider is connect-

ed directly to the power
head of an RF-power
meter that is calibrated
for the frequency range
and power levels you are
testing. If you are testing
all of the volts/division
ranges, this measurement
often requires using more
than one power head. The
power-meter readings
normalize the output
level at each frequency
step. In an automated-
calibration system, you
perform this procedure
under computer control. It
is possible but tedious to
manually perform the
procedure.

REFLECTIONS

The second problem,
which undoubtedly occurs
in many cases, is dealing
with the reflections from
the scope input. In reality,
the user is measuring the
signal with the reflections
superimposed. Scope in-
puts are not perfect 50��
terminations. Different
attenuators switch using
relays or electronic switch-
ing. Inevitably, the paths

are imperfect; they intro-
duce some reflections at
different frequencies.

Scope vendors work to
minimize these reflec-
tions, but they all achieve
about the same perform-
ance: a VSWR (voltage-
standing-wave ratio) that,
over the passband, can
go from a perfect 1-to-1
to about 1.35-to-1. When-
ever the termination re-
flects energy back into
the line, the reflection
creates standing waves 
at some frequency that
relates to the length of
the cable. Because they
exhibit reflections at dif-
ferent frequencies, differ-
ent models of oscillo-
scopes measure different
amplitudes from the
same generator-and-
cable combination.

A user can reduce this
effect by installing a high-
quality, 6-dB attenuator
at the scope’s input and
attaching the power-
divider output to the
attenuator. The attenua-
tor improves the return
loss by 6 dB, reducing the

effect of the reflection in
the cable.

As you can see, the
metrology required to
accurately measure a
scope’s amplitude accu-
racy over frequency is
complex. All scope man-
ufacturers put consider-
able effort into design-
ing and verifying the
complex systems that
designers use to cali-
brate the instruments.
Attempting to manually
replicate this measure-
ment by using only a sig-
nal generator and cable
can’t produce results of
the desired accuracy.
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High Speed and Low Power — 
LMH® Amplifiers Offer the Best of Both Worlds
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• 900 MHz, -3 dB bandwidth (AV = 1)

• 280 MHz, -3 dB bandwidth 
(AV = +2, VOUT = 2 VP-P)

• Large signal bandwidth and slew rate
100% tested

• 1400 V/µs slew rate

• 90 mA linear output current

• 2nd/3rd HD: -63/-57 at 20 MHz

• Unity gain stable

• Available in SOT23-5 and SOIC-8 
packaging
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probe-calibration data. This data in-
cludes more than just the probe’s off-
set voltage and dc gain; it includes
high-frequency-gain- and phase
(delay)-characterization data. Ac-
cording to Mike Lauterbach, PhD,
LeCroy’s director of product man-
agement, all ultrawideband scopes
from all manufacturers use DSP-
based techniques to correct the ver-
tical-amplifier high-frequency-gain
and -phase characteristics. The cor-
rections improve the response so
that it more closely resembles the
desired response—often that of a
fourth-order Bessel lowpass filter—
than does the amplifier’s uncorrect-
ed response.

As far as Lauterbach knows, how-
ever, only LeCroy’s WaveLink
probe family currently includes the
probe response in the correction algo-
rithm. Within seconds of your connect-
ing a WaveLink probe to a compatible
LeCroy scope, the correction routine
uploads the calibration data from the
probe and compensates the channel’s ver-
tical response for the probe’s ac charac-
teristics (as measured at the factory—or
the last time you used a LeCroy-supplied
fixture to characterize the probe).
Including the probe in the calibration
enables LeCroy, whose 11-GHz scopes
offer narrower �3-dB bandwidth than
that of the nearest competitive models
from Agilent or Tektronix, to neverthe-
less claim the most accurate high-fre-
quency ac and transient response among
real-time scopes in the more-than-10-
GHz class. LeCroy also points out that,
unlike at least one competitor, it does not
currently use DSP to extend the band-
width of its scopes.

In case you haven’t noticed, modern
wideband scopes do not have frequency
response related to the 10 to 90% rise
time by the time-honored formula
TR�0.35/BW, where TR�10 to 90% rise
time and BW��3-dB bandwidth. And
you can’t determine the combined rise
time of the scope and probe from
�(TR(SCOPE)

2�TR(PROBE)
2). For one thing,

you must carefully check the data sheet’s
notes to determine whether each rise-
time spec applies to the time the signal
takes to traverse 10 to 90% or 20 to 80%
of the input-step amplitude. Manufac-
turers sometimes specify both rise times.

Some standards for bus physical layers use
only the 20 to 80% values; using 10 to
90% values in such cases would only
cause confusion. In addition to the
“which-rise-time?” issue, however, the old
formulas don’t apply to new scopes and
probes because the newer units’ high-fre-
quency-roll-off characteristics differ from
those of the analog scopes whose behav-
ior formed the basis for the old rules. To
learn more about deep memory and find-
ing ephemeral anomalies in long-wave-
form records, see sidebar “Acquisition
memory: a deep subject” at the Web 
version of this article at www.edn.com/
060216cs.

IT TAKES PERSISTENCE
Persistence mode doesn’t work quite

the way many people think it does (Fig-
ure 1, pg 52). To dispel the confusion,
here is a brief explanation that generally
applies to all scope brands. Note that per-
sistence mode can often correctly
acquire waveforms that—because of a
limited real-time sampling rate—contain
frequencies too high for the scope to cap-
ture in real time. Many scope users erro-
neously believe that capturing such wave-
forms requires using random equivalent-
time sampling, a mode you must use with
caution to avoid little-understood pitfalls
(Reference 1).

To use persistence mode, the trigger
must be stable in time with respect to the
waveform that you want to capture. You
can trigger on a waveform feature or use

another trigger source. Each time it
triggers, the scope acquires wave-
form samples and places the corre-
sponding dots on the screen with
respect to the trigger time. It draws
no line between the dots, though.
By default, some scopes add sine
x/x-interpolated dots, whereas oth-
ers add none. The scope simply
places the dots on the screen—or,
to be more exact, it places the dots
in an array in the display-processor
IC, which draws the dots on the
screen. The scope draws no line
through the dots, however, and
makes no attempt to re-create the
shape of the incoming signal; such
an attempt could violate the Ny-
quist criterion.

The scope then triggers repeat-
edly. Typically, it triggers several

hundreds—or even thousands—of times.
Each time, it acquires samples and places
the dots on the screen, but it never
attempts to “draw the trace.” The scope
simply displays the acquired samples with
respect to the trigger time. If the trigger
and the incoming waveform are stable,
the set of dots is closely packed onto a line
shaped like the signal and strongly resem-
bling a waveform. If the trigger time or
the waveform is unstable because of ver-
tical noise or timing jitter, the persistence
display shows a cloudier set of dots. If the
signal shape exhibits occasional large,
intermittent aberrations, you may see a
large number of dots that follow the nor-
mal signal shape and a fainter number
that show the abnormal shape.

SLOW REFRESH
Scope manufacturers make much of

their instruments’ fast screen-update
rates and responsiveness to changes in
control settings. Some companies refer
to such attributes as “analog-scope feel.”
These claims are valid as well as impor-
tant to the way in which you use a scope,
but, if you think about the claims for a
few moments, you can easily wonder
how they can possibly not be exaggera-
tions. Nearly all digital scopes refresh
their screens only 30 or 60 times per sec-
ond, yet many display many thousands
of waveforms per second. They achieve
this responsiveness by aggregating mul-
tiple changes to their screen bit maps 
between refreshes and displaying the

LeCroy’s WaveExpert, NRO (near-real-time oscillo-
scope), and SDA100G sampling scopes form a series
that you can equip with sampling heads that provide
100-GHz bandwidth on four channels. Although they
don’t sample in real time, they sample 50 times as fast
and store records many times as long as those of
sequential-sampling scopes, the only scopes whose
bandwidth is nearly as wide.
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aggregated result at the next refresh.
This aspect of scope operation is philo-

sophically similar to the way in which
scopes whose displays have, say, 1024 pix-
els horizontally display million-point-
deep records without forcing you to scroll
endlessly through the long records.
However, you can zoom to that mode, as
well, if you choose. The simplest way to
compress a million samples into 1000
pixel columns, each representing 1000
samples, is to find the minimum and max-
imum signal values in each 1000-sample
group and illuminate all pixels in the col-
umn from the one that corresponds to the
lowest value to the one that corresponds
to the highest. This approach produces a
“fat” trace, whose illumination is constant
over its width. To show greater signal
detail, a scope can determine how many
times since the last screen update the sig-
nal level corresponded to each point in
the screen’s pixel map and relate each
pixel’s brightness or color to the number
of “hits” at the associated point.

Scope manufacturers are also discov-
ering the value of the big screen—not the
living-room-dominating size of an HDTV
and not even the wide aspect ratio of the
screens on some laptop PCs but consid-
erably larger in area than has been cus-
tomary in scopes. Bigger screens on scopes
make it easier to see waveform details.
LeCroy started the trend a couple of years
ago—at least in small-footprint scopes—
with its WaveSurfer family, whose mem-
bers sport 10.4-in.-diagonal, SVGA,
800�600-pixel screens in a 6-in.-deep
package that occupies no more benchtop
area than does a Tektronix TDS3000B,
whose screen measures only 6.4-in. The
WaveSurfer’s screen area is more than 2.5
times as great as that of the Tek unit.
Now, LeCroy has added higher perform-
ance units to its stable of large-screen,
small-footprint scopes. The three mem-
bers of the WaveRunner Xi series, whose
prices start at $7500, are the same size as
the WaveSurfers and also have 10.4-in.
SVGA screens.

Not to be outdone, Tek, with its new
DPO7000 series, has one-upped LeCroy
on screen size and resolution. The DPO-
7000 screens measure 12.1 in. diagonal.
Their area is approximately 3.6 times that
of a 6.4-in screen, and they provide XGA,
1024�768-pixel resolution. The approx-

imately 12-in. package depth is roughly
twice as great as that of LeCroy’s small-
package units but is much shallower than
most scopes. The DPO7000s, whose top-
of-the-line unit can accommodate mem-
ory as deep as 400M samples—all of
which is assignable to one channel—also
attack LeCroy’s long-held dominance in
memory depth.

Although welcoming the large screens
and small benchtop footprints, engineers
who incorporate scopes into larger sys-
tems—for example, for production
test—may be less than thrilled with the
new package geometries. For these engi-
neers, selecting system components that
occupy a minimum of rack space is of key
importance. The new packages are taller
than those of most traditional scopes. It
seems likely that the solution to the

height problem will lie in LXI (LAN
extensions for instrumentation), a new
standard for system-component instru-
ments. You can imagine low-profile LXI
scopes whose screens lie flat atop them
until an operator pulls them forward on
their rack slides and hinges the screen
into a vertical position.

BEYOND 20 GHz
A survey of the current state of digital-

scope technology would be incomplete
without some discussion of the widest
bandwidth scopes—the class of instru-
ments that engineers used to call sequen-
tial-sampling scopes. Until the advent, a
year ago, of LeCroy’s WaveExpert and
SDA100G series, the phrase “sequential
sampling” was appropriate, and there were
only two vendors, Agilent and Tektronix.
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Figure 1 Analog-persistence mode maps frequency of occurrence into intensity or
color variations on each pixel of the display simulating the phosphor response of an
analog oscilloscope (courtesy LeCroy).
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Video Performance 
Over CAT-5 Cable 
Driving You Crazy?
Intersil's EL9115, a triple analog delay line, 
compensates skew introduced by CAT-5
cable, enabling high-quality video through 
1,000 feet of cheap twisted pair cable. 
The EL9115 allows three channels to be independently delayed in 2ns 
steps, up to 62ns. This allows de-skewing of signals, such as RGB video 
that is transmitted over CAT-5 cabling. Now signals can be exactly aligned 
at the receiver for a razor-sharp image.

Datasheet, free samples, and 
more information available at 
www.intersil.com

Intersil High Performance Analog

Intersil Video Products

Intersil – Amplify your performance with advanced signal processing.
©2005 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation 
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Video transmitted over 1000 
feet of CAT-5. Note the lack 
of alignment on the RGB 
test pattern.

Features
62ns total delay 
2ns delay step increments
Operates from ±5V supply
Up to 100MHz bandwidth 
Low power consumption 
20-pin QFN package 

Applications
Video security systems
KVM
Video over CAT-5

Complete Video Equalization and 
Compensation Solution

EL4543: Triple Driver/Sync Encoder
NEW - EL9111 and EL9112: Tripple 
Differential Receiver/Equalizer
EL9115: Triple Analog Delay Line for 
Skew Compensation
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Equalization and CompensationUp to 1,000 Ft. 
of CAT-5 Cable

NEW - EL9111 and EL9112
Tripple Signal equilizers offer 
even more design flexibility.

EL9115 is programmed to align 
the RGB vertical test bars. 
De-skewing required 44ns delay 
on green and 18ns on red. The 
test bars now line up vertically. 
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The LeCroy units essentially rewrote
the book on how engineers design these
ultrawide-bandwidth instruments (70 to
100 GHz, depending on the manufactur-
er). At the product introduction, LeCroy
referred to its instruments simply as sam-
pling scopes, because “sequential” didn’t
really apply. But the problem with not
qualifying “sampling” is that all digital
scopes are sampling scopes. During the
year, LeCroy solved its terminology prob-
lem by inventing a new term, “NRO”
(near-real-time oscilloscope) and adding
an NRO series to its line.

All scopes in this category—including
the LeCroy units—depend on the signal’s
occurring repetitively. It need not recur
at a constant rate, but it must follow a
trigger signal by an essentially fixed delay.
Classic sequential-sampling scopes cap-
ture only one sample during each itera-
tion of the input waveform, advancing
the sampling point incrementally with
each new trigger. Thus, despite their
extremely wide bandwidth, these scopes
acquire waveforms slowly. This low speed
rules out instruments of this type in many
common scope applications.

In some of these scopes, the analog
sampler is separate from the scope main-
frame. The sampler is a so-called zero-
order hold circuit, which captures the
input signal with femtosecond aperture
uncertainty and maintains the captured
voltage for tens of microseconds. The
sampler output is thus a relatively low-fre-
quency replica of a multigigahertz signal.
From the sampler output onward, the
analog signals that the scope deals with
are relatively low in frequency. The
ADCs in such scopes are usually high-res-
olution (14 bits or more) successive-
approximation devices with conversion
rates no higher than a few hundred kilo-

hertz. Memory depths in classic se-
quential-sampling scopes rarely exceed
100k samples.

BANDWIDTH TO 100 GHz
Advances in sampling technology

enable the LeCroy units, with the appro-
priate sampling plug-ins, to achieve
industry-leading 100-GHz bandwidth,
whereas advances in ADC and memory
technology make possible an architecture
that differs considerably from that of
sequential-sampling instruments. In-
stead of taking only one sample during
each iteration of the input waveform, the
LeCroy units take many. The company
says that the sampling rate is 50 times that
of the fastest competitive instrument. In
addition, memory depths of hundreds of
millions of samples are possible, and a
built-in clock-recovery facility allows the
scopes to operate, in many cases, without
an external trigger. The scopes also
accommodate built-in analysis features
that you would probably expect to find
only in real-time-sampling scopes. Thus,
these scopes can handle many applica-
tions in which competitive instruments
would acquire data too slowly, could not
capture records of the necessary length,
would require external equipment to trig-
ger from the available signals, or would
present a more complex interface to less-
extensive analysis facilities.

As do Agilent and Tek, LeCroy offers
optical-to-electrical converters to permit
use of its ultrawideband scopes for fiber-

optic communication-system measure-
ments. Unlike its competitors, though,
LeCroy does not currently offer differen-
tial-input plug-ins for these scopes. As a
result, you need two of the LeCroy main-
frames to simultaneously view four more-
than-20-GHz differential signals—a task
the competitive units can perform with
one mainframe.EDN

R E F E R E N C E
Pupalaikis, Peter J, Random Inter-

leaved Sampling, November 2005,
www.lecroy.com/tm/library/register
PDF.asp?wp=577.

AU T H O R ’ S  B I O G R A P H Y
Contributing Technical Editor Dan Strass-
berg has been covering test and measurement
for EDN for more than 18 years. He holds
a bachelor’s degree in electrical engineering
from Rensselaer Polytechnic Institute (Troy,
NY) and a master’s degree in electrical engi-
neering from Massachusetts Institute of Tech-
nology (Cambridge). You can reach him at
strassbergedn@att.net.
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Acquiring multigigahetz signals without introducing loading effects that completely
invalidate the measurement requires great care, an understanding of the physics of
probing, and highly specialized probes. These 10-GHz Infiniimax units from Agilent
work with one of the company’s DSO 80000-series scopes.

MORE   AT EDN.COM

We encourage your comments! 
Go to www.edn.com/060216cs and click
on Feedback Loop to post a comment on
this article.

This author writes about high-
performance DSOs at www.edn.com/
article/CA608891.

MANUFACTURERS OF
HIGH-PERFORMANCE
BENCHTOP
OSCILLOSCOPES

Agilent Technologies
www.agilent.com

LeCroy Corp
www.lecroy.com

Tektronix Inc
www.tektronix.com

Yokogawa Corp 
of America
www.yokogawa.com/us/

MANUFACTURERS OF
VERY-HIGH-SPEED, 
HIGH-RESOLUTION
MODULAR DIGITIZERS

Acqiris USA
www.acqiris.com

Gage Applied
Technologies
www.gage-applied.com

National Instruments
www.ni.com

Ztec Inc
www.ztec-inc.com
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When the power is on, you don’t want shock 
or vibration to create spurious signals. 
Mill-Max Spring-loaded Connectors provide 
a reliable electrical connection in the 
most rigorous environments.

Maximum Continuity: Precision-machined
gold-plated components and a low-resistance
spring maintain a consistent electrical path.

Maximum Stability: Tested to a minimum of
50G shock and 10G vibration with no spikes
>1µs and >1.15V with 0.5A applied.

Maximum Endurance:
1,000,000 cycles and still
electrically silent.

Maximum Range: Surface
mount and thru-hole

configurations with various profiles and multiple
stroke lengths.

Mill-Max Spring-loaded Connectors are typically
used as the battery charging contacts in portable
instruments, or as a rugged interconnection
between circuit boards.

For information and our Free Design Guide,
go to www.mill-max.com/respond

Response Code: EDN560
Phone: 516-922-6000

Maximum Interconnect Solutions

®
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Toshiba MLC NAND leadership provides

the power to launch today’s applications.
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high volumes and thin profit margins
associated with CE products, design
teams are investigating and adopting
the Linux operating system to tackle
the software burden.

Several Linux features make it ideal
for CE projects. Designers are initially

s CE (consumer-electronics) vendors vie for mar-
ket share, consumers are asking designers to cram
more functions into every new product or update.
Users are no longer content with devices that offer
only one function. Multifunction devices, such as
mobile phones, media players, digital cameras,

game consoles, radios, and televisions are all competing for con-
sumers’ dollars. To deal with this complexity, 32-bit processors,
networking connections, full graphics displays, security, and mul-
tithread software are now standard fare in new designs. With the

A
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The Sonos ZonePlayer
ZP80 is part of a Linux-
based wireless system that
streams digital music to
audio equipment through-
out a consumer’s home. 

attracted to Linux because it offers free
source code, no licensing fee, and no
per-unit royalties. Compared with the
price of in-house development or a
commercial operating system, these
costs are significant and can add up to
thousands of dollars over the life of the

project. Cost competition and budget
restrictions have forced software-devel-
opment teams to at least consider royal-
ty-free software such as Linux for new
projects. 

Linux includes the kernel, the shell
environment, and applications. The
basic architecture of the Linux kernel
includes memory management, process
scheduling, a file system, and a network
interface. The memory manager en-
ables multiple programs to securely
share the system memory, and the
process scheduler ensures that programs
will have fair access to the CPU. The
virtual-file system hides the details of
the hardware and presents a common
file interface to the user. The Linux ker-
nel typically takes less than 1 Mbyte of
RAM, and the shell environment pro-

L I N U X
joins the consumer-electronics

REVOLUTION

BY WARREN WEBB • TECHNICAL EDITOR

DESIGNERS ARE TURNING TO THE LINUX OPERATING SYSTEM TO MEET THE ESCALATING USER-INTERFACE,
NETWORKING, AND MULTIMEDIA REQUIREMENTS OF TODAY’S CONSUMER-ELECTRONICS PRODUCTS.
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vides a user interface as simple as a
command line or as complex as a
Windows-type graphical interface. 

Linux comes along at a time when
some designers are moving from limited-
function “roll-your-own” operating soft-
ware for 8- and 16-bit processors to com-
plex applications that exceed the capa-
bilities or budgets of in-house software
teams. These developers are accustomed
to maintaining their own software pack-

ages and feel at home with the Linux
licensing arrangement. Open-source
Linux add-on features such as built-in
networking support and graphics can also
save many hours of coding and integra-
tion on a new development project.

With the current crop of high-speed,
low-cost 32-bit processors and Linux pre-
emption improvements, developers are
finding that the real-time demands of
embedded systems are less of a burden.
Although data rates have increased, the
timing of user I/O has remained relative-
ly constant, and programmers have more
clock cycles available to service I/O
requests with today’s high-speed proces-
sors. Linux does not target the delivery of
deterministic performance, yet it is in use

on some applications that previously
required a real-time operating system.

LOW OVERHEAD
Linux is modular and allows develop-

ers to construct a small, tailored software
set that fits the memory footprint of each
device, thus eliminating some of the code
overhead in proprietary, multiuse operat-
ing systems. Linux also supports a vast
arsenal of microprocessors, making it ideal
for the diverse consumer-device market.
Because designers have ported Linux to
most popular embedded processors, soft-
ware limitations do not force developers
into hardware decisions. Designers can
start production with a low-priced micro-
processor that meets current needs and
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Figure 1 The Wind River Workbench suite integrates Linux and VxWorks design tools
into the open-source Eclipse integrated development environment.

AT A G L A N C E
With the price of 32-bit proces-

sors and memory plummeting, Linux
fits a large portion of next-generation
consumer-electronics devices.

Designers can configure the
Linux kernel for small-footprint sys-
tems and provide many features 
of a powerful operating system.

Design teams that historically
developed operating software in-
house are turning to Linux to deal
with increasing device complexity.

Linux vendors make money 
by bundling subscription support,
tools, and services with custom 
distributions.

A large online community of Linux
developers provides users with a
ready source of technical experts
and rapid problem resolution.
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Figure 2 MontaVista Software offers the Linux Consumer Electronics Edition, a Linux operating system and cross-development envi-
ronment for CE devices.
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NEW
AFFORDABLE

POWER OPTION!
TALK TO US

800-496-5570

vicorpower com
Always Affordable!

PRICED at approximately 15% below C-grade 
versions, Vicor offers a new, affordable power
option for power designers who may not need
extended temperature ranges. 
Introducing Vicor’s new E-grade. Vicor’s high-
performance line of high-density DC-DC converter
and system modules are now available in four 
different input ranges, seven different output
voltages, and three package sizes (quarter, half,
and full brick).

TALK TO US, and receive your FREE Multimeter.
You’ll find out how you can reap the benefits of
designing with Vicor high-density DC-DC converters.
Faster time to market, greater power density and
performance, and higher reliability 
are always affordable.
Call 800-496-5570 or go to 
vicorpower.com/edn
for more information.
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easily upgrade to a more powerful
CPU as the device requirements
and features expand.

Developers periodically update
the Linux kernel to include patch-
es and suggestions from the user
community. You can find informa-
tion on and download the latest
version of the kernel at www.ker-
nel.org. The current Version 2.6
includes numerous pre-emption
points that allow the scheduler to
suspend an active task and initiate
a higher priority process. A rewrit-
ten process-scheduler algorithm
speeds task switching in multi-
tasking applications. In addition to
the real-time improvements, Ver-
sion 2.6 includes several updates that ben-
efit consumer-device applications. For
example, Bluetooth and USB 2.0
enhance peripheral-interface options,
the ALSA (Advanced Linux Sound
Architecture) allows applications to
process multiple audio streams, and
Video4Linux adds a video subsystem.
Another update for deeply embedded sys-
tems yields a smaller footprint build for
headless applications. 

The Linux licensing agreement has pos-
itive and sometimes negative conse-
quences for the consumer-device devel-
oper. On the positive side, you can down-
load a free copy of Linux, adapt it to your
product, and sell as many copies as you
want without paying royalties. Linux is
licensed under the GNU (GNU’s Not
Unix) GPL (General Public License) with
rules for its use. If you modify and distrib-
ute GPL software, your modifications
automatically fall under the GPL, and you
must reveal the source code. Application
programs and device drivers may remain
proprietary as long as they are separate and
distinct from the Linux kernel and contain
no GPL code. The code-isolation require-
ment concerns developers of small-foot-
print consumer devices in which a single
ROM image stores all software.

In addition to the licensing uncertain-
ties, other nontechnical concerns exist for
prospective Linux users. For example, the
SCO (Santa Cruz Operation) Group’s
legal challenge claiming that Linux con-
tains remnants of proprietary Unix code
could force changes to the kernel or even
require royalty payments. As recently as
December 2005, the SCO Group filed a

motion to expand a lawsuit against Nov-
ell, a previous owner of Unix intellectu-
al property and a current Linux develop-
er. You can find the latest information
and a complete history of the SCO con-
troversy at the Linux Online Web site,
www.linux.org. 

KERNEL PATCHES
Another possible danger that develop-

ers foresee in an open-source Linux envi-
ronment is the potential for fragmenta-
tion. If Company A decides to modify the
Linux kernel to solve an integration prob-
lem with one of its products, and Com-
pany B makes a similar but incompatible
modification, three versions of Linux now
exist. When the next official Linux
update comes out, both companies will
have to dig through the revised code to
reincorporate their changes or continue
to use the old version. The wisest choice
would be to leave the kernel unmodified
and use the source code strictly for debug-
ging or to gain insight into the internal
functions of Linux. So far, the Linux com-
munity has been successful in preventing
multiple versions through an elaborate
system of upgrade proposals and releases.

Although Linux is a free operating sys-
tem, many designers are willing to pay for
expert support, specialized tools, cus-
tomization services, and prepackaged con-
figurations to ease the development
process. Commercial vendors have re-
sponded with custom embedded configu-
rations, subscription-support packages,
development-tool kits, sample applica-
tions, and consulting services to augment
Linux. Unlike with commercial propri-

etary operating systems that limit
users to a single source, Linux users
have the freedom to obtain support
from any number of vendors. 

Concerned with the growing
popularity of Linux for CE prod-
ucts, some commercial RTOS
(real-time-operating-system) ven-
dors have joined the open-source
movement to provide custom dis-
tributions, development tools,
and support and to promote their
proprietary software for hard-real-
time applications. For example,
Glenn Seiler, product-line man-
ager at Wind River, summarizes
the company’s strategy: “The mar-
ket wants a choice. In some cases,

the market wants an RTOS because of
hard-real-time or small-footprint re-
quirements, and some customers still have
an aversion to the GPL concept. Others
have so much legacy investment that
they want to continue to use the RTOS.”

Seiler describes other customers who
want to take advantage of the fast inno-
vation, royalty-free model; have control
over the source code; want vendor inde-
pendence; and are unafraid of the GPL.
These customers, he says, are leaning
more toward Linux. He explains, “We
wanted to provide a solution that would
satisfy both the RTOS customer and the
Linux customer. We started that solution
with a tools strategy based on our Work-
bench tool suite: a soup-to-nuts, life-cycle
product that covers everything from
board bring-up and firmware develop-
ment all the way to kernel-board-support
development, application development,
and debugging.” Wind River based the
Workbench suite on the open-source
Eclipse integrated development environ-
ment (Figure 1).

Similarly, MontaVista Software offers
the Linux CEE (Consumer Electronics
Edition), an embedded operating system
and cross-development environment for
CE devices. The package features dyna-
mic power management; enhanced file
systems; new development tools for sys-
tem-performance tuning; processor and
peripheral support; cross-development
tools for application development; and
sample utilities, libraries, and drivers.
CEE supports a range of consumer-device-
specific processors from Freescale, Intel,
Renesas, and Texas Instruments. Mon-

Figure 3 The $360 Nokia 770 Internet Tablet delivers
wireless connectivity, an 800�480-pixel touchscreen,
and 64 Mbytes of available flash memory.
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FREE sample kit and S-Cap

Maximize thermal performance with Gap Pad S-Class.
S-Class materials provide high thermal conductivity for exceptionally
low thermal resistance at ultra-low mounting pressures – our best
thermal performance material yet.The elastic nature of the material
also provides excellent interfacing and wet-out performance. And
because of its natural inherent tack, S-Class eliminates the need for

additional adhesive layers that can
increase interfacial resistance and
inhibit thermal performance.

FREE sample kit and S-Cap.
Visit our web site or call today
to qualify for your FREE S-Class
sample kit and S-Cap.
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for easy application.
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demanding contours while
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it cleaner and easier to handle in the application
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taVista also offers Linux for Mobile
Devices (Mobilinux) for wireless handsets
and mobile products with requirements
for power management, hard-real-time
performance, fast start-up, and small foot-
prints (Figure 2). 

TIVO LEADS THE WAY
Numerous CE devices incorporate the

Linux operating system, but the TiVo per-
sonal video recorder is the most widely
recognized. The TiVo Linux has also been
hobbyists’ favorite software to “hack” to
increase storage capacity with larger or
additional hard disks or to transfer video
to computers or other devices. Linux may
also be part of the software package that
Sony provides with its next-generation
gaming console, PlayStation 3, which
Sony expects to ship in the spring of 2006.
Linux also powers the recently introduced
Nokia 770 Internet Tablet featuring
802.11, USB, and Bluetooth connectivi-
ty; an 800�480-pixel touchscreen; and 64
Mbytes of available flash memory (Figure
3). In addition to the Web browser, the
770 includes an e-mail client, media play-
ers, a file manager, games, and several gen-
eral-purpose applications. The Nokia 770
is available online for $360.

At the recent Consumer Electronics
Show in Las Vegas, Sonos introduced the
Linux-based ZonePlayer ZP80, part of 
a wireless system that allows users to
stream digital music to audio equipment
throughout a consumer’s home. By con-
necting a ZP80 to any amplified audio
device using the analog or digital outputs,
that device becomes part of a wireless,
multiroom digital-music system that you
operate from a color Sonos controller. The
ZP80 includes autosensing line-in con-
nectors that can digitally encode any line-
in audio source, such as an Apple iPod, a
CD player, or a satellite radio. The Sonos
ZonePlayer ZP80 retails for $349.

If you are new to Linux for CE, you can
find news, discussion, and custom source
code at the CELF (Consumer Electronics
Linux Forum). The forum’s goal is to
enhance Linux functions for use in CE
devices by publishing specifications and
hosting CE-specific code. You can also
find information on Linux-based CE prod-
ucts at www.linuxdevices.com. This site
contains recent news, articles, and tuto-
rials on Linux programming, lists of avail-
able distributions, and forums on embed-
ded-system topics.

As next-generation CE devices come to
market, designers must be ready to deliv-
er complex user interfaces, network con-
nections, and real-time data security on
top of their custom application software.
Linux offers a royalty-free, open-source
operating system with these and other fea-
tures built-in. In fact, millions of lines of
free Linux-compatible software are avail-
able on the Internet to support CE-devel-
opment projects. With these benefits and
a growing base of technical fans, Linux has
a bright future in the CE industry.EDN

You can reach 
Technical Editor 
Warren Webb
at 1-858-513-3713 
and wwebb@edn.com.
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here is considerable diversity
under the "digital power"
umbrella.  Most solutions

address the power supply telemetry
needs of complex systems such as
networking, telecom and high avail-
ability systems.  Products supporting
these applications provide digital
communications, sophisticated moni-
toring and control of the power supply.
Also under the "digital power" umbrella
are power supply controllers that utilize
digital processing within the regulation
loop.  Use of digital signal processing
has been proposed at various times over
the years.  But the need for measuring
load currents and voltages, the need for
better than 1% regulation accuracy and
the convenience of digital communica-
tion are driving the creation of inte-
grated solutions specifically tailored for
power supply applications.

Optimizing Digital Power for
High Availability
Designed for digital management of
power supplies in high availability
systems, the LTC®2970 dual I2C
power supply monitor and margining
controller offers the best melding of
digital and analog power.  The I2C
digital interface, 14-bit ADC, highly
accurate reference and current output
DACs (IDACs) give digital power
supply designers what they want:
digital control of an analog power

Digitally 
Controlled Power

TT
High Performance Analog Solutions from Linear Technology
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Figure 1. Dual I2C Power Supply Monitor and Margining Controller
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supply.  The LTC2970 works with
most any power supply, allowing
designers to choose the optimal DC/DC
converter with an analog control loop
that provides smooth control of the
output voltage and fast transient
response.  An on-chip reference and
14-bit delta-sigma ADC ensure accu-
rate measurements of supply volt-
ages, load currents or temperature.
Two voltage-buffered 8-bit IDACs
adjust the DC/DC converters’ feedback
signal. The adjustment range and
resolution is configurable using just
two resistors per channel, and the
IDACs can be programmed by a slow,
linear voltage servo in order to accu-
rately trim and margin the converters’
outputs.  This makes the LTC2970
useful in determining the sensitivity
of the power supply during the proto-
type phase or in production to test for
manufacturing variations.

The end products conducive to
digital power management are equally
likely to incorporate DC/DC modules,
as they are to have IC-based convert-
ers.  The LTC2970 is equally suited
whether the DC/DC converter offers a

TRIM pin or if it offers access to the
feedback node.  Figure 2 illustrates a
typical application circuit for margin-
ing the output voltage of a DC/DC
converter with a TRIM pin. Following
power-up, the LTC2970’s VOUT0 pin
defaults to a high-impedance state. If
the soft-connect feature is used, the
LTC2970 will automatically find the
IDAC code that most closely approxi-
mates the TRIM pin’s open-circuit
voltage before enabling the IDAC volt-
age buffer (see Figure 4).

Accurate Power on Demand
Need something better than the typi-
cal 1.5% to 2% regulation offered by
today’s DC/DC converters?  Need to
move the voltage down 100mV to hit
the "sweet spot" of your brand new
ASIC?  Don’t know where that "sweet
spot" is yet?  You need accurate power
on demand.  You need the LTC2970.

The superior accuracy and

ultralow drift of the on-chip reference,
combined with the 14-bit delta-sigma
ADC, provide better than ±0.5% total
unadjusted error in the voltage
measurement.  Feeding the measured
value back and tweaking the DC/DC
feedback node with an 8-bit DAC
creates a servo mechanism to program
the DC/DC output voltage with extreme
accuracy.  The LTC2970 can do this for
you!  Program an output voltage and it
will automatically seek that value, iter-
ating one LSB at a time for a mono-
tonic approach to the final voltage.  You
can easily margin up, margin down or
set a new value (see Figure 3).

The LTC2970’s delta-sigma archi-
tecture was specifically chosen to aver-
age out power supply noise and allow
the LTC2970 to ignore fast transients.
The DC/DC converter attributes are
chosen for transient response,
whereas the LTC2970 is selected for
accurate voltage programming.  The
device offers additional telemetry
functions due to the range of inputs
to the ADC.  The LTC2970 uses differ-
ential inputs to precisely servo supply
voltages regardless of ground offsets.
The device has additional differential
inputs to measure current and to
monitor the supply voltage, as well as
the internal die temperature.

The LTC2970’s current output
DACs provide smooth, continuous
control of the feedback node.  Unlike
discrete time or PWM output DACs, the
LTC2970’s continuous time, voltage-
buffered, current output DAC is ideal
for noise-sensitive applications.
Connection of the current output to a
unity gain voltage buffer is switched,
allowing the DC/DC converter to come
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Figure 2. LTC2970 Application Circuit for DC/DC Converters with a TRIM Pin
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up and stabilize prior to engaging the
servo control (Figure 4). The voltage
buffer switch is isolated from the
LTC2970’s VDD, so the DC/DC converter
operation will not be impaired if the
LTC2970 is unpowered.  Selecting the
proper resistor value between the IOUT
node and ground sets the maximum
voltage range limit beyond which the
supply cannot be driven.  The VOUT
node then supplies current to the feed-
back node through a series resistor.  The
buffer can be connected in two ways:
beginning with a point equal to the
nominal regulation value (soft connect),
or immediately with the programmed,

final value (hard connect).  The ground
reference for the DAC can be set at the
point of load, minimizing errors due to
ground bounce.

Tracking and Sequencing with
the LTC2970-1
The LTC2970-1 enables power supply
tracking and sequencing with the
addition of a few external components.
A special global address and synchro-
nization command allow multiple
LTC2970-1s to track and sequence
multiple pairs of power supplies.

A typical LTC2970-1 tracking
application circuit is shown in Figure

5. The GPIO_0 and GPIO_1 pins are
tied directly to their respective DC/DC
converter RUN/SS pins. When
GPIO_CFG is pulled-up to VDD, the
LTC2970-1 will automatically hold off
the DC/DC converters after power-up
by asserting open drain outputs
GPIO_0 and GPIO_1 low. N-channel
FETs Q10/11 and diodes D10/11 form
unidirectional range switches around
resistors R30A/31A while GPIO_CFG
is high. These range switches allow
the LTC2970-1’s VOUT0 and VOUT1
pins to drive the converter outputs all
the way to/from ground through
resistors R30B/31B. When GPIO_CFG

Figure 3. Demonstration System Showing Automatic Margining Capability
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pulls low, N-channel FETs Q10 and
Q11 will turn off. R30A/31A and
R30B/31B then combine in series for
normal margin operation. The

100k/0.1�F low-pass filter in series
with the gates of Q10/11 minimizes
charge injection into the feedback
nodes of the DC/DC converters when
GPIO_CFG pulls low.

Digital Communications
All communication with the LTC2970
is performed over an industry stan-
dard I2C bus. The two bus lines, SDA
and SCL, must be high when the bus
is not in use. External pull-up resis-
tors or current sources are required
on these lines.  The LTC2970 I2C
interface also meets all SMBus setup
times, hold times, and timeout
requirements. The ALERT pin may be
used to signal that one or more of the
fourteen configurable fault limits
have been reached. Each fault may be
individually masked. The I2C inter-
face supports word reads, word writes
and the SMBus Alert Response
Address protocol. Two general
purpose IO pins may be used to
provide additional fault information
or user-defined system control.
Powering down the LTC2970 will not
interfere with I2C operation.

Conclusion
The LTC2970 provides a highly
accurate digital power solution for
digital communications, sophisti-
cated monitoring and control of the
power supply.  Choose the optimal
DC/DC converter for your applica-
tion, and then add the LTC2970 for
the best of both worlds.

Note: LT, LTC and     are registered trademarks of 
Linear Technology Corporation. ThinSOT is a trademark
of Linear Technology Corporation.
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f you had the option, you probably wouldn’t use high-Z
(high-impedance) sensors. Their sensitivity to external
noise, solder-flux residue, particle tracking, bias currents,
and distant charges can make repeatable measurements dif-
ficult. High-Z sensors have an upside, though: They don’t
self-load, and they inherently use little power. For certain

variables, such as pH, light, acceleration, and humidity, the most
practical sensors are high-Z devices. Because nature offers them,
expediency urges their use. Careful attention to design can min-
imize the devices’ tendency to receive adverse effects from the
world around them. As an interesting note, with the advent of
practical superconduction, impedance values have achieved an
infinite range.

When you make measurements to characterize the behavior
of any circuit that processes signals from high-Z sensors, you
should drive the circuit’s inputs through a high Z or a high resist-

ance. Every engineer who works with signal conditioners for
high-Z sensors should have some high-value reference resistors
at hand. Vishay (www.vishay.com) offers surface-mount resis-
tors with values to 50 G�. Samples with values of 1 and 2 G�
were available off the shelf at press time. The Mini-Mox series
from Ohmite (www.ohmite.com) contains leaded 10- and 100-
G� resistors. All of these high-value resistors are remarkably
“stiff” (conductive, nonisolating). For example, a colleague
warns users not to touch the resistor bodies, lest skin-oil deposits
reduce the impedance.

This warning suggested an experiment. Connecting a Keith-
ley (www.keithley.com) Model 614 electrometer across the resis-
tor leads resulted in a meter reading of 9.9 to 10 G�. After thor-
oughly touching and squeezing the resistor body from lead to
lead with oily fingers and then backing away, the meter returned
to precisely where it had been: 9.9 to 10 G�. This test shows
only that skin oils are not an immediate threat to these resis-
tors. To ensure reliability over time and humidity, sound labo-
ratory practice still exhorts keeping components, pc boards, and
insulators clean. Skin-oil conductivity is known to vary among
individuals. For cleaning, Ohmite recommends using isopropyl
alcohol and lint-free wipes and baking the device at 75�C for
one hour to drive off moisture. When performing an impedance
measurement of this type, bear in mind that the insulator in the
cable is entirely in parallel with the resistor under test. Limit-
ing error to 1% in a 100-G�-resistor measurement requires an
overall insulator impedance of no less than 10 T�. The only
way around this limitation is to perform an open-circuit cali-
bration to measure and mathematically remove any shunt resist-
ance. The Keithley 614 lacks this feature, but it still performs
well, reinforcing the idea that, compared with an insulator, a
10-G� resistor is indeed relatively stiff.

ENEMIES OF HIGH-Z CIRCUITS
When Z is high, leakages, current noise, bias currents, and stat-

ic voltages dominate the errors, so dealing with high-Z circuits
means minimizing those quantities. The most common and
addressable form of leakage is solder-flux residue. Carefully clean
any board that supports high-Z circuits to remove all flux. Wash-
ers that board manufacturers use can be contaminated. Space
traces beyond the minimum design rules to the extent that board
area allows. For insulators, FR-4 usually causes no problem,

BY GLEN BRISEBOIS • LINEAR TECHNOLOGY CORP

Signal conditioning 
for high-impedance sensors
MAINTAINING ACCURACY IN CIRCUITS THAT PROCESS SIGNALS
FROM HIGH-IMPEDANCE SENSORS PRESENTS UNIQUE CHAL-
LENGES. FIRST, YOU NEED TO IDENTIFY WHEN TO USE SPECIAL
DESIGN TECHNIQUES. THEN, YOU MUST CHOOSE DEVICES 
THAT BUFFER AND PROTECT THE SENSORS AND CIRCUITS 
WITHOUT DESTROYING THEIR ACCURACY.
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Figure 1 Using nulling techniques is tempting, and you can some-
times make them work with much effort and shielding. But making
a “perfect” amplifier like this one becomes expensive and departs
from the high reliability of solid-state design. You may be bankrupt
before your design reaches production.
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although, unlike Teflon and glass, it does absorb moisture. Some
designers have had success with Teflon posts or wells, but the
good results may be due to these components’ inherent resist-
ance to surface tracking and other effects, such as dielectric
absorption, rather than their purely insulating properties. Keep-
ing surface impedances high in imperfect environments may
require sealing or conformal coating, but such measures can
reduce serviceability. Guard traces connect to high-Z sources
with traces at similar potentials. Through-hole pins should have
guard traces on all or at least on the outside layers. There are
many practical considerations. For example, a dual op amp has
noninverting inputs on pins 3 and 5. It is easier to guard Pin 5,
because it is in the corner; Pin 3 is next to the negative supplies.

Bias current and current noise in active devices are sources
of error. Bipolar transistors require dc base currents to operate;
FETs have input leakage. In both cases, electron quantization
through junctions induces current noise. (Such noise is pres-
ent only in currents that flow through junctions.) In FETs, cur-
rent noise rises with frequency because of Miller effects (see side-
bar “Current-noise measurements” with the Web version of this
article at www.edn.com/ms4177). Although you may want to
jump immediately to FET-based input structures for their low
bias currents, superbeta bipolar input structures can offer advan-
tages, particularly in high-temperature operation. FET-input
leakage doubles every 10�C, whereas superbeta bias current
remains relatively stable. In either case, chopping techniques
can remove the effects of both offset voltage and bias current.
For impedances of less than a few megaohms, don’t jump imme-
diately to a FET-input amplifier without first considering excep-
tionally precise, low-bias-current op amps, such as Linear Tech-
nology’s LT6010 or LTC2054. Sometimes, a lower offset volt-
age can be more important than a lower bias current. 

For a given source impedance, the overall input error is
VOS�IBIAS�RSOURCE. As the source impedance rises, the bias-
current term dominates, making a MOSFET input more attrac-
tive. MOSFET inputs have in recent years gained popularity as
CMOS-op-amp specifications have improved.

Another problem with high-Z circuits is their sensitivity to
motion. Shoes rubbing against a carpet can generate static
charges that can reach kilovolt levels, so even the tiniest capac-
itive coupling can inject significant charge. When taking meas-
urements, stand back and hold still. Shielding helps, of course,
but mechanical vibrations (microphonics) modulate the capac-
itance between pc-board traces and any local metalwork, caus-
ing charge injection—even if the metalwork does not change
in voltage but simply stays at a dc voltage different from that
of the traces. So shield your circuit, but not too closely. 

When mechanical motion or stress induces tiny voltages on
insulators, triboelectric or piezoelectric effects occur. In high-
vibration environments, high-Z sources may require low-tri-
boelectric-noise cable, such as Belden (www.belden.com) type
9239.

DEVICE AND AMPLIFIER CONSIDERATIONS
Although discrete MOSFETs offer poor leakage specifications,

the devices can outperform their specifications by as many as
six orders of magnitude. The familiar 2N7002, for example, spec-
ifies maximum channel leakage of 1 mA and gate leakage of 0.1
mA. But if you look at these devices in the lab with 20V on

the drain and a grounded gate and source, you find a total com-
bined leakage of only about 1 pA. Obviously, the specifications
do not reflect what the device does, but rather the cost of pro-
duction-test time. Tighter specifications require more test time
and better test equipment, for which you pay. Of course, tighter
specifications also tend toward lower yield; you pay for that, too.

Ultralow-leakage matched-pair JFETs include the LS830
from Linear Integrated Systems (www.linearsystems.com) and
the IFN124 from InterFET (www.interfet.com). A favorite sin-
gle JFET is the Philips (www.semiconductors.philips.com)
BF862 because of its 3-pA gate current, its subnanovolt noise
density, and its easy-to-deal-with 0.6V pinch-off voltage. The
2N4416 is also popular, especially for its subpicofarad input
capacitance and respectable noise density, but many design-
ers have found troublesome JFETs’ large and widely varying 2
to 6V pinch-off voltage.

CMOS op amps have for many years been available, but the
specifications have been poor, and the actual results, even worse.
Linear Technology has just introduced the precision micropower
LTC6078 and the higher speed LTC6241 CMOS op amps. The
LTC6241 offers a typical input-leakage current of 4 pA at 70�C.
JFET-input-based electrometer-grade op amps have for many
years been on the market but are relatively expensive. In the
end, no op amp or semiconductor device is perfect, and some
designers find that they can achieve the best dc results with
relays and calibrating or chopping techniques.
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Figure 2 You can more easily achieve similar accuracy with
chopped-excitation techniques. The amplifier’s characteristics are
not enhanced but rather measured and subtracted. What are the
op amp’s offset and bias current? It doesn’t matter much.
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The circuit in Figure 1 incorporates two force-balance nulling
techniques. To follow the operation, assume that all the switch-
es are open and then close S2 and S3, thereby engaging ultra-
precision integrating amplifier A2 and forcing A1’s output to
ground. A1’s input offset appears at its positive input, and C1
stores 101 times this offset. Opening S3 allows A1 to function
normally again, but with 1 mV of effective offset and approxi-
mately 1 mV/sec of drift. Now, opening S2 puts feedback resis-
tor R1 in the circuit and causes an output voltage equal to
IBIAS�R1—typically, 1 mV. Closing S4 and S5 nulls A1’s output
again, but this time through A3. A1’s bias current now goes
through R2, and C2 stores it as a voltage at 60 mV/pA. Open-
ing S4 ends the nulling phase. 

Closing S1 connects the input drive—the resistor under test—
and a voltage source. Although the amplifier is now nearly per-
fect, it doesn’t remain so for long. Drift on capacitors C1 and
C2 requires a new nulling phase within several seconds; other-
wise, the amplifier’s specifications may degrade beyond those
of an unaided LTC6241. Figure 2 shows a simpler method.
Rather than trying to perfect the amplifier, this circuit instead
chops the excitation to allow subtraction of the amplifier con-
tributions. Also, the resistor under test is now in the feedback
path, so the output is proportional to the resistor’s resistance
rather than its admittance. Rise time is 10 msec (10 to 90%)
with a 1-G� resistor, so the excitation should be no faster than
about 10 Hz to ensure adequate settling.

PROTECTING A HIGH-IMPEDANCE CIRCUIT
How can you protect a high-Z circuit without affecting its

input impedance? Strictly speaking, you can’t, but you can come
close. One of the best ways is to use a series resistor and some
series inductance, even if it’s just a length of trace. The induc-
tance and parasitic elements spread out an ESD (electrostatic-
discharge) pulse and improve the odds that it will jump to a
chassis before it gets to anything sensitive. You can further
improve those odds by introducing a spark gap in the layout near
the connector pin to be struck. This approach is cheap and effec-
tive, but it can cause problems in higher density digital designs.
The spark gap re-emits a strong EMI (electromagnetic-inter-
ference) wave, including some eerie blue. This phenomenon
repeatedly crashed an onboard but distant 486 microprocessor,
fortunately without harming the hardware. The protection you
require depends on the level of immunity you specify for the
design. In this case, the spark gap is a failure, because design-
ers did not allow for PC-reset interventions. For analog designs
or simple digital designs, spark gaps should not be a problem.
Gas-discharge tubes, which are also available as components,
are other alternatives.

Almost anything you do with diode clamps can cause leak-
age. Schottky diodes are probably out of the question because
they tend to leak more. Ultralow-leakage diodes include the
CMPD6001 series from Central Semiconductor (www.central
semi.com) and the BAS416 from Philips. But the maximum-
leakage specification, even when devices are cold, is 500 pA to
5 nA. The high-temperature specifications are even worse, often
running into microamps. For the lowest leakage performance,
JFET junctions still outperform diodes. The 2N4393, available
from Vishay in an SOT-23 package, typically leaks 5 pA at room

temperature and 3 nA at 100�C (Figure 3). Compare this leak-
age with the maximum-specified bias current of 75 pA at 70�C
for the LTC6241. Adding even good diodes can cause a signif-
icant degradation. Some design work can help offset this prob-
lem, however. For example, consider the tracking-limiter cir-
cuit (Figure 3). A2 back-biases the diodes, and C1 stores the
average dc voltage. The system shunts overvoltages and spikes
to the reservoir capacitor but allows dc through with unity gain,
protecting the inputs and improving input-overload-recovery
time. For dc gain, simply short C1 and move the input from A2
to A1’s inverting input; inverting circuits are easier to protect,
because you can simply connect the diodes to ground.

HOW HIGHER Z HELPS
Figures 4 and 5 show two approaches to amplifying signals

from a capacitive sensor. The sensor in both cases is a 770-pF
piezoelectric shock-sensor accelerometer, which generates
charge under physical acceleration. Figure 4 shows the clas-
sic charge-amplifier approach. The op amp is in the inverting
configuration, so the sensor looks into a virtual ground. The
op-amp action forces all of the charge the sensor generates
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Figure 4 In this classic inverting-charge amplifier, variations in
cable capacitance—that is, length—do not affect the signal gain.
Use this circuit when the accelerometer is remote from the ampli-
fier and the cable length is unspecified. Drawbacks are that the
low-valued feedback capacitor sets the gain, and the bias resistor
working into the same feedback capacitor determines the low-fre-
quency performance.
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across the feedback capacitor. Because the feedback
capacitance is 0.01 times the sensor capacitance,
the voltage across the feedback capacitor is 100
times what would have been the sensor’s open-cir-
cuit voltage. So, the circuit gain is 100. The ben-
efit of this approach is that the circuit’s signal gain
is independent of any cable capacitance between
the sensor and the amplifier. Hence, designers favor
this circuit for remote accelerometers whose cable
length may vary. Difficulties with the circuit are inaccuracy of
the gain setting with the small capacitor and low-frequency cut-
off because the bias resistor works into the small feedback
capacitor.

Figure 5 shows a noninverting-amplifier approach. This ap-
proach has many advantages. First, resistors, rather than a small
capacitor, accurately set the gain. Second, the low-frequency
response improves because the bias resistor working into the large
770-pF sensor, rather than into a small feedback capacitor, dic-
tates the cutoff frequency. Third, you can sum and make paral-
lel the noninverting topology for scalable reductions in voltage
noise. This circuit’s only drawback is that the parasitic capaci-
tance at the input slightly reduces the gain. This circuit is a good
fit for applications in which parasitic input capacitances, such
as traces and cables, are relatively small and invariant.

When you calculate the bias resistance for the desired low-
frequency cutoff, consider that you may want to make the bias
resistor’s value still larger. Doing so reduces the noise floor at
low frequencies. For example, if you want to support frequen-
cies as low as 10 Hz at �3 dB, the bias resistor works out to

1/2��10 Hz�770 pF�20 M�. At 10 Hz, the 20-
M� resistor contributes 580 nV/�Hz of noise,
which is 3 dB down, just like the signal. If you make
the resistor value 1 G�, the accelerometer capac-
itance effectively attenuates the resistor’s 4000-
nV/�Hz noise to 80 nV/�Hz, but the signal is
barely attenuated. Sometimes, impedance higher
than that normally required actually helps.

Devices and materials are available to support
and protect high impedances. Dealing with high impedance
requires a knowledge of what are otherwise minuscule phe-
nomena. Sometimes, quantization of phenomena such as cur-
rent noise can be challenging, but with the right circuit tech-
niques, measurements become meaningful and repeatable. A
proper breakdown of error sources, such as leakage, settling time,
voltage noise, and current noise, helps the circuit designer to
know what to expect.EDN
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he two most common forms of control in dc/dc
switching power converters are CM (current-
mode) and VM (voltage-mode) control. Each
method has its own advantages and disadvantages.
CM control provides the ease of loop compensa-
tion and inherent line feedforward, which makes

this method a favorite among designers. VM control is more
immune to noise. This characteristic is important in large-step-
down-ratio applications in which the switch has a short on-time
that is susceptible to noise pickup. The ideal approach that has
been eluding designers is a practical CM-controlled regulator
without noise-susceptibility challenges.

Figure 1 shows a buck regulator using VM control. The sys-
tem monitors the output voltage and compares it with a refer-
ence voltage. The resulting error signal and a modulating ramp
form a PWM (pulse-width modulator), which controls the buck
switch. In each cycle, the clock turns on the buck switch, which
the PWM comparator then turns off. A first-order approxima-
tion for the buck-switch duty cycle, D, is D�VOUT/VIN. The
modulating ramp in VM control is a dedicated sawtooth-ramp-
oscillator circuit. The modulation is more stable and less noise-
sensitive if you use a fixed sawtooth ramp, because the ramp
amplitude is fairly large—often, 2 to 3V peak. The disadvan-

tages of VM control are difficulties in designing the loop com-
pensation and the inherent lack of feedforward.

Figure 2 shows a buck regulator using CM control. The sys-
tem monitors the output voltage, compares it with a reference,
and applies the resulting error signal to the PWM. The origin
of the modulating ramp is an area in which VM and CM con-
trol differ. The modulating ramp in CM control is a signal pro-
portional to the buck-switch current. When you turn on the
buck switch, the inductor current flows through it. During this
time, the inductor current has a positive slope of (VIN�VOUT)/L.
An accurate fast measurement of the buck-switch current is nec-
essary to create the modulating-ramp signal. The main disad-
vantage of CM control is the difficulty of creating the buck-
switch-current signal.

ALMOST IMPOSSIBLE
Propagation delays and noise susceptibility make it almost

impossible to use CM control for high-input-voltage, large-step-
down applications that require small on-times. For example, a
buck regulator with an input voltage of 66V and an output volt-
age of 3.3V requires a buck-switch duty cycle of 5%. If the clock
frequency is 300 kHz with a period of 3.3 �sec, the required on-
time for the buck switch is only 166 nsec. Therefore, during each

cycle, the buck switch must turn on, the
ramping buck-switch current must be
measured and level- shifted, the PWM com-
parator must change state, and the buck
switch must turn off—all within 166 nsec.

The buck regulator’s modulating switch is
floating; that is, none of the switch termi-
nals connect to ground. The buck switch’s
source terminal is at the input potential,
VIN, when the switch is on and is at approx-
imately �1V when the switch is off. Mea-
suring the switch current is challenging. The
measurement choices are to place a shunt
resistor or a current-sense transformer in the
buck-switch drain, to make a measurement
across the buck switch’s on-resistance, or to
use a current-mirror circuit coupled to the
buck switch. Each of these methods requires
a level shift to transpose the measured sig-
nal down to the ground reference for appli-
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Figure 1 In this voltage-mode buck regulator, the error signal and a modulating ramp
form a pulse-width modulator, which controls the buck switch.
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cation to the PWM comparator. Even with
the best design practices, the level-shift cir-
cuit inserts a significant propagation delay.
Higher input-voltage applications exagger-
ate this delay.

Even if you can design a fast, accurate cur-
rent-measurement circuit and a level
shifter, numerous challenges remain. When
the buck switch turns on, the free-wheel
diode, D1, turns off. To turn off the diode,
an appreciable amount of reverse charge
flows during the recovery time in the form
of a reverse-recovery current. This diode’s
reverse current also flows through the buck
switch, causing a leading-edge current spike
and an extended ringing period. This spike
can cause the PWM comparator to trip pre-
maturely and cause erratic operation. The
most common approach to solving this
problem is to add filtering or leading-edge
blanking to the current-sense signal. This blanking and filter-
ing further limit the minimum controllable buck-switch on-
time.

EMULATED CURRENT-SENSE SIGNAL
An alternative approach to measuring the actual current flow-

ing through the buck switch is to develop a signal that emu-
lates the buck-switch current without making an actual current
measurement. The three main current waveforms in a buck reg-
ulator are the buck-switch current, the free-wheel-diode cur-
rent, and the inductor current. The buck-switch and the diode
currents sum to form the inductor current (Figure 3). Taking
a closer look at the characteristics of the buck-switch-current
waveform, you can see that the signal breaks down into two
parts—a base pedestal and a ramp. The pedestal represents the
minimum inductor-current value over the switching cycle. The
inductor current is at its minimum the instant the free-wheel
diode turns off, just as the buck switch turns on. In each switch-
ing cycle, the buck switch and the diode have the same mini-
mum-current value, which occurs when the inductor current

is at its lowest value. Taking a sample-and-hold measurement
of the free-wheel-diode current just before the buck switch turns
on can capture the pedestal-level information.

The other part of the buck-switch-current signal is the ramp.
When the buck switch turns on, the voltage across the output
inductor is the difference between the input, VIN, and the out-
put, VOUT, voltages. This voltage difference forces a positively
ramping current through the inductor and the buck switch. The
ramping current’s slope is equal to: di/dt�(VIN�VOUT)/L. A
voltage-controlled current source, IRAMP, and a ramp capacitor,
CRAMP, can create an equivalent signal.

The slope of the rising voltage across a capacitor, which cur-
rent source IRAMP drives, equals dv/dt�IRAMP/CRAMP. If the dif-
ference between the input and the output voltages controls the
current source, the slope of the capacitor-ramp voltage equals
dv/dt�K�(VIN�VOUT)/CRAMP, where K is the current-source
scale factor.

Figure 4 shows a practical controller that emulates the buck-
switch-current signal and uses that signal for CM control. The
top portion of the diagram shows the normal buck-regulator
power-switching components. The free-wheel diode’s anode con-
nects to ground through the controller. A small-value current-
sense resistor and amplifier measure the diode current. The com-
bined sense-resistor/amplifier scale factor is 0.5V/A. A sample-
and-hold circuit captures the diode-current minimum value just
before the buck switch turns on. Sampling each cycle, this cir-
cuit captures the pedestal portion of the emulated buck-switch
current-sense signal.

CONTROLLED CURRENT SOURCE
The controller also senses the input and output voltages. The

difference between these two signals controls a current source.
This current source charges the external ramp capacitor. In each
cycle, when the buck switch turns on, the capacitor voltage rises
linearly. When the buck switch turns off, the capacitor rapid-
ly discharges and shunts the current source to ground. The cur-
rent-source scale factor is: IRAMP�(5�10�6�(VIN�VOUT)). The
desired overall scale factor for the emulated ramp signal is
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Figure 3 The three main current waveforms in a buck regulator
are the buck-switch current, the free-wheel-diode current, and the
inductor current. The buck-switch and the diode currents sum to
form the inductor current.

Figure 2 The principal difference between this current-mode regulator and the voltage-
mode circuit is in the source of the modulating ramp. In this circuit, the ramp voltage is
proportional to the buck-switch voltage.
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0.5V/A. For proper operation, set the
ramp-capacitor value proportional to the
output-inductor value. A good starting
point is to select CRAMP�L�10�5, where
the units of L are henries and those of
CRAMP are farads. Using this value scales
the capacitor-ramp voltage to half the out-
put-inductor current, consistent with the
sample-and-hold-circuit scale factor. The derivation is as fol-
lows. Set inductor slope equal to the capacitor slope:

For a scale factor of 0.5V/A, the value of CRAMP is L�10�5.
The final step in generating the emulated buck-switch-cur-

rent signal is to sum the pedestal information (from the sam-
ple and hold) with the ramp-capacitor-voltage signal. Figure 5
shows the final summed waveform. This signal is now ready for
use in the PWM comparator, as well as in the current-limit com-
parator.

For applications that operate with duty
cycles greater than 50%, CM-controlled
circuits are subject to subharmonic oscil-
lation. By adding another fixed-slope volt-
age-ramp signal (slope compensation) to
the current-sense signal, you can avoid this
oscillation. Referring to the ramp-genera-
tor circuit, an additional, fixed, 25-�A off-

set current provides some fixed slope to the capacitor-voltage-
ramp signal. Very-high-duty-cycle applications may require addi-
tional slope. For these applications, you can decrease the ramp-
capacitor value to increase the ramp slope and prevent sub-
harmonic oscillation.

You can accomplish output-overload protection by either
clamping the error signal or providing a dedicated current-limit
comparator. This type of overload protection, cycle-by-cycle
current limiting, yields an almost-immediate response, which
protects the buck switch. Virtual CM has an added benefit of
capturing the pedestal information before the buck switch
turns on. During extreme overloads at high input voltage, the
buck switch skips cycles, preventing possible runaway current
conditions.

A CM-controlled regulator’s control-to-output transfer func-
tion has a single-pole characteristic despite an output stage that
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comprises two main elements, L and C. The characteristic has
only one pole because there are two control loops: a voltage
loop, which keeps the output voltage constant, and an inner
current loop. The current loop monitors and controls the induc-
tor current, forcing the inductor to act as a constant-current
source programmed by the voltage loop. Because the inductor
behaves as a constant-current source, the control-to-output
transfer function has only one pole, which the output capaci-
tor, CO, and load resistance, RL, establish. This pole occurs at
a frequency of fP�1/(2�CORL). There is also a zero at fZ�1/
(2�CORESR) because of the output capacitor’s ESR (equivalent
series resistance). Hence, the required error-amplifier compen-
sation comprises an integrator for good line/load regulation and
low output impedance; a zero to cancel the load pole; and if nec-
essary, a pole to cancel the ESR zero.

During light loading, the inductor current decays to zero for
part of the cycle. This light-load mode is referred to as discon-
tinuous operation. An advantage of CM control is that no sta-
bility problems exist in the discontinuous-conduction mode
because the regulator remains a single-pole, single-zero system
under both continuous and discontinuous operating modes.
Another advantage of CM control is inherent feedforward,
because the inductor-current ramp is a function of the input
voltage. Any input-voltage change immediately changes the
modulating-ramp slope and corrects the duty cycle without the
need for the regulation loop to react—that is, to feed forward.

TEST RESULTS
A buck regulator with an input-voltage range of 7 to 75V,

an output voltage of 5V, and a 2.5A current capability demon-
strates the emulated-CM-control operation (Figure 6). The
300-kHz operating frequency represents a good trade-off
between efficiency and component size. A conventional Type
II pole-zero compensation network commonly used for CM
control accomplishes loop compensation. The resulting loop-

bandwidth-crossover frequency is 20 kHz. At 75V input, the
step-down ratio is 15-to-1, requiring a buck-switch on-time of
222 nsec in continuous-mode operation. Measured, stable on-
times of approximately 100 nsec occur during discontinuous-
mode operation.

Emulated CM control applies not only to buck regulators, but
also to isolated buck-regulator-based topologies, such as forward,
half-bridge, and full-bridge.EDN
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, LTC and LT are registered trademarks and ThinSOT is a
trademark of Linear Technology Corporation.  All other trade-
marks are the property of their respective owners.

Linear’s family of photoflash capacitor charger ICs enable any type of Xenon bulb to be flashed quickly, efficiently and
consistently. Linear’s primary side sensing eliminates the need for power and space wasting secondary voltage sensing
divider resistors. With controlled input current ranging from 225mA to 4A or more, these ICs can charge a wide range of
photoflash capacitors, using compact off-the-shelf transformers. Available with or without integrated IGBT driver, they
enable solution footprints as small as 75mm2 with profiles as low as 2.7mm. Whether your application is a cell phone flash
or an emergency beacon, or you just want to charge a big capacitor to hundreds of volts, we have a solution for you!

Part Number

LT®3468/-1/-2

LT3484-0/1/2

LT3485-0/1/2/3

LT3420/-1

LT3750

VIN Range

2.5V to 16V

1.8V to 16V

1.8V to 10V

1.8V to 16V

3V to 24V

Controlled Input Current

500/375/225mA

500/350/225mA

750/500/350/225mA

840/450mA

Up to 4A*

Package

ThinSOTTM

2mm x 3mm DFN-6

3mm x 3mm DFN-10

3mm x 3mm DFN-10,
MSOP

MSOP

* Controller Depends on External MOSFET selection.

▼ Info & Free Samples▼ Photoflash Capacitor Chargers

LT3485 Demo Circuit
(Actual Size)

www.linear.com/3485
Literature: 1-800-4-LINEAR
Support: 408-432-1900

566840_081.indd   1566840_081.indd   1 1/30/2006   1:00:04 PM1/30/2006   1:00:04 PM
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14-Bit, 125Msps ADC
Only 395mW

Lowest Noise, Lowest Power, Smallest Solution Size, Pin-Compatible Family

, LTC and LT are registered trademarks of Linear Technology
Corporation.  All other trademarks are the property of their
respective owners.

The LTC®2255 family features excellent AC performance with 72.4dB SNR, 88dB SFDR and extremely low power. At just
395mW, the LTC2255 consumes nearly half the power of the competition, benefiting wireless base stations, imaging systems
and portable instrumentation where efficiency and cooling are critical. Part of a pin-compatible family in a small 5mm x 5mm
QFN package requiring only a few tiny external components, they offer the smallest solution size available.

High Speed ADC Evaluation Board ▼ Info & Online Store▼ Features

• Sample Rate: 125Msps/105Msps

• Single 3V Supply (2.85V to 3.4V)

• Low Power: 395mW/320mW

• 72.4dB SNR

• 88dB SFDR

• Clock Duty Cycle Stabilizer

• Pin-Compatible Family in
5mm x 5mm QFN Package

www.linear.com
Literature: 1-800-4-LINEAR
Support: 408-432-1900

552324_082.indd   1552324_082.indd   1 2/1/2006   3:51:21 PM2/1/2006   3:51:21 PM



Thanks to its property of apply-
ing an equal amount of delay to

all frequencies below its cutoff fre-
quency, the Bessel linear-phase filter
sees service in audio applications in
which it’s necessary to remove out-of-
band noise without degrading the phase
relationships of a multifrequency in-
band signal. In addition, the Bessel fil-
ter’s fast step response and freedom from
overshoot or ringing make it an excel-
lent choice as a smoothing filter for an
audio DAC’s output or as an antialias-
ing filter for an audio ADC’s input.
Bessel filters are also useful for analyz-
ing the outputs of Class D amplifiers
and for eliminating switching noise in
other applications to improve accura-
cy of distortion and oscilloscope-wave-
form measurements.

Although the Bessel filter provides
flat magnitude and linear-phase—that

is, uniform group-delay—responses
within its passband, it has worse selec-
tivity than Butterworth or Chebyshev
filters of the same order, or number of
poles. Thus, to achieve a given level of
stopband attenuation, you need to
design a higher order Bessel filter,
which, in turn, requires careful selec-
tion of amplifiers and components to
achieve the lowest levels of noise and
distortion.

Figure 1 shows a schematic for a high-
performance, eighth-order, 30-kHz,
lowpass Bessel filter. This design uses
standard values for 1%-tolerance resis-
tors and 5%-tolerance ceramic capaci-
tors. As an alternative, you can use 10%-
tolerance capacitors at the expense of
increased group-delay variance within
the passband. For best results, use tem-
perature-stable capacitors.

In this application, the filter process-

es audio signals that swing above and
below ground, and its amplifiers draw
power from positive and negative
�2.5V supplies. Rail-to-rail output
capability helps achieve maximum out-
put-voltage swing at these low supply
voltages. To achieve a high SNR in
high-quality audio service, the ampli-
fiers must exhibit unity-gain stability
and low inherent noise. For example,
Analog Devices’ AD8656 low-noise,
precision-CMOS dual op amp meets all
of these requirements.

Connecting the amplifiers as invert-
ing-gain stages maintains constant
input-common-mode voltage and
helps minimize distortion. Using less-
than-1-k� resistors throughout the cir-
cuit reduces the resistors’ thermal-noise
contributions. Each AD8656 amplifier
contributes less than 3 nV/�Hz of
noise across a 30-kHz bandwidth, and
the total noise over a 30-kHz band-
width measures less than 3.5 �V rms.
For a 1V-rms input signal, the circuit
yields an SNR of better than 109 dB,
and, for a 1-kHz, 1V-rms input signal,
the circuit yields a THD�N (total-har-
monic-distortion-plus-noise) factor of
better than 0.0006%.

Figure 2 shows the filter’s measured
magnitude response for a 1V-rms input
signal. The filter’s passband gain of 0 dB
is flat within 1.2 dB for frequencies as

READERS SOLVE DESIGN PROBLEMS

Lowpass, 30-kHz Bessel filter offers 
high performance for audio applications

EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE

�

designideas

Figure 1 Two dual op amps and a handful of passive parts implement a high-
performance, eighth-order, 30-kHz, lowpass Bessel filter.

Troy Murphy, Analog Devices, San Jose, CA
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84 Use a PWM fan controller 
in an EMI-susceptible circuit

88 PC’s parallel port and a PLD
host multiple stepper motors and
switches

��  What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.
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Microchip Technology (www.
microchip.com) offers a family of

cooling-fan speed controllers that oper-
ate in PWM mode for use with brush-
less dc fans (Reference 1). To control
fan speed using the PWM waveform’s
duty cycle, you can use either an exter-
nal NTC (negative-temperature-coef-
ficient) thermistor or one of Microchip’s
PIC microcontrollers and its SMBus

serial-data bus. Figure 1 illustrates a typ-
ical application that the data sheet
describes for the TC664 and TC665
controllers (Reference 2). Using a fre-
quency-control capacitor, CF, with a
value of 1 �F, fan-controller IC1 gener-
ates a PWM pulse train with a nominal
frequency of 30 Hz and a temperature-
or command-dependent duty cycle that
varies from 30 to 100%.

Although using the controller in
PWM mode reduces power dissipation
in transistor QA, which drives the fan,
the 100-mA, square-wave motor-drive
current can cause unwanted interfer-
ence in a nearby high-sensitivity audio
circuit. The circuit in Figure 2 solves
the problem. An additional driver tran-
sistor, Q1, and an RC network com-
prising C3 and R3 form a simple PWM-
to-linear converter. You can also use
another PWM-to-linear-conversion
circuit, such as an integrator based on
an operational amplifier. 

Figure 3 shows a graph of the dc volt-
age at Q2’s collector versus IC1’s PWM

high as 20 kHz. With its �3-dB point
at 30 kHz, an eighth-order Bessel pres-
ents a theoretical attenuation of �110
dB at 300 kHz, decreasing at �160
dB/decade at higher frequencies. This
characteristic provides sufficient at-
tenuation of repetitive noise that
switched-mode power supplies and
other sources induce, which typically
occurs at frequencies of 300 kHz and
higher. 

Figure 3 illustrates the filter’s phase
shift and its group delay, which remains
relatively constant at roughly 17 �sec,
even for frequencies as high as 40 kHz.
Note the linear scale on Figure 3’s fre-
quency axis, which clearly illustrates
the filter’s linear-phase behavior with-
in the passband. The following equa-
tion defines group delay as the negative
partial derivative of phase shift with
respect to frequency:

Group delay� ���/�f.
At dc, resistor R1 sets the filter’s input

resistance at 383�. If your application
requires higher input impedance, you
can insert a unity-gain buffer ahead of
the filter at the expense of increased
distortion and noise. For applications
that require operation from �15V
power supplies, replace the AD8656
with a higher voltage amplifier, such as
Analog Devices’ AD8672 low-distor-
tion, low-noise (3.8-nV/�Hz), dual
operational amplifier.EDN

Use a PWM fan controller 
in an EMI-susceptible circuit

designideas
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Figure 2 The measured amplitude-versus-frequency response of the circuit in
Figure 1 shows a change of scale on the right vertical axis.
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Figure 3 Measured within the passband of dc to 30 kHz, the Bessel filter’s
phase-shift and group-delay characteristics display excellent uniformity and
linearity.
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+23.5dBm IP3 Active Mixer

High Performance Downconverting Mixer Simplifies Your Receiver Design

, LTC and LT are registered trademarks of Linear Technology
Corporation.  All other trademarks are the property of their
respective owners.

Compare this with the mixer you are using now. Any way you look at it, the LT®5527’s IP3 and Noise Figure yield peak per-
formance for your most demanding applications. And with reduced LO drive, superb LO isolation and high gain, the LT5527
will reduce your solution cost, too. It’s just one of many high performance RF solutions from Linear Technology.

www.linear.com
Literature: 1-800-4-LINEAR
Support: 408-432-1900

LT5527 Demo Board ▼ Info & Online Store▼ Features

• 400MHz to 3.7GHz Operation

• +23.5dBm IIP3@1.9GHz

• 2.3dB Conversion Gain

• 12.5dB Noise Figure

• -44dBm LO-RF Leakage

• Single-Ended, 50Ω RF & LO Inputs
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drive-output waveform’s duty cycle. The
voltage applied to the fan corresponds to
the difference between Q2’s collector
voltage and the 12V supply voltage.
Even though a steady voltage appears
across the fan, current pulses that the 
fan motor’s commutation produces still
develop a voltage across current-sense
resistor RSENSE that connect to Q2’s emit-
ter, and all of IC1’s protective and advi-
sory features remain available.

The listed component values are
valid for a 100-mA, 12V, brushless fan.
Use a general-purpose NPN transistor
such as the 2N2222 for driver-transis-
tor Q1 and an NPN transistor, such as
Fairchild Semiconductor’s PZT2222A,
that can dissipate one-third of the fan’s
maximum power consumption for Q2.
Note that you can vary the PWM’s
nominal frequency over a range of 15
to 35 Hz by altering the value of CF.EDN

R E F E R E N C E S
“Fan Speed Controller and Fan

Fault Detector Family,” Microchip
Technology Inc, 2002, http://ww1.
microchip.com/downloads/en/
DeviceDoc/21604c.pdf.

SMBus PWM Fan Speed Con-
trollers with Fan Fault Detection,
Microchip Technology Inc, 2003,
http://ww1.microchip.com/down
loads/en/DeviceDoc/21737a.pdf.

designideas

Figure 2 To minimize the effects of high-frequency noise on sensitive analog
circuits, you can convert the high-current PWM waveform applied to the fan
to a continuous analog voltage.
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Figure 1 In a typical application, fan-controller IC1 and transistor QA apply pulse-
width-modulated current to vary a fan’s speed as a function of temperature.
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MAX1258
GPIO SPI

DAC2

DAC8

DAC1
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OUT1

OUT2

OUT8
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AIN16

MUX

12-BIT
SAR ADC

LOGIC FIFO
ALU CLOCK

REFERENCETEMP
SENSOR

SPI is a trademark of Motorola, Inc.

♦ 12- or 10-Bit, 300ksps ADC
Has Analog Multiplexer with True-
Differential Track/Hold (T/H)

♦ 12- or 10-Bit, Octal, 2.0µs DAC
♦ Internal ±1°C Temperature Sensor
♦ On-Chip FIFO
♦ Channel-Scan Mode and Data

Averaging
♦ 25MHz, SPI™ Interface
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Robotic applications frequently
include multiple stepper motors

and switches. The stepper motors pro-
duce motion in several directions, and
the switches identify home positions
and detect proximity to obstacles. This
Design Idea describes the development
and implementation of a PLD (pro-
grammable-logic-device)-based inter-
face that can connect a PC’s parallel
port to as many as eight switches and
four stepper motors (Figure 1). This
interface design serves many applica-
tions, and using IC1, a 22V10 PLD, 
to minimize the circuit’s component

count reduces complexity, weight, and
overall dimensions. Drivers IC3
through IC6 for the stepper motors
comprise three L293 quad half-H-
bridge ICs (Figure 2).

Each rotation of the two-winding
stepper motors in this design requires a
sequence of four mechanical steps that
you produce by applying a pair of 7V,
500-mA, 120-msec-long pulses to the
motor’s windings (Figure 3). To make
a stepper motor rotate either CW
(clockwise) or CCW (counterclock-
wise), you apply either of two pulse
sequences (tables 1 and 2).

The following sections specify the
functions of the input and output reg-
isters’ bits that control the parallel-port
interface and the PLD. The PLD out-
put-register bits are 7, 6, 5, 4, 3, 2, and
1. Q7 signals the PC that one or more
switches are active. Bit 0 means that a
switch is active; bit 1 means that no
switches are active. With Q6, Q5, and
Q4, the BSS (buffered-status switch)
tells the PC which of n switches is
active: 000�S1, 100�S5, 001�S2,
101�S6, 010�S3, 110�S7, 011�S4,
and 111�S8. For Q3, Q2, Q1, and Q0,
the PLD’s outputs enable one of the
four motor-driver ICs to drive its asso-
ciated stepper motor, with 1000�M3,
0010�M1, 0100�M2, and 0001�M0.

The PLD input register’s bits are E11,
E10, E9, and E0. For E11, the host PC
controls the PLD, 0 disables the PLD,
and 1 enables the PLD. For E10 and E9,
the PLD reads these lines to determine
which of the four motors in Figure 2
receives drive pulses: 00 for Motor 0, 10
for Motor 2, 01 for Motor 1, and 11 for
Motor 3. For bit E0, the PLD reads this
bit to determine what to do with the
BSS settings: 0�hold, and 1�clear. For
E8 through E1, the PLD reads the sta-
tus of one switch and stores it in the
BSS register: 

00000001�S1, 00010000�S5,
00000010�S2, 00100000�S6, 
00000100�S3, 01000000�S7,
00001000�S4, 10000000�S8.

The PLD ignores any unlisted bits.
For the parallel-port output register,

address 88810,D7, and D6, the PC tells

PC’s parallel port and a PLD host 
multiple stepper motors and switches

designideas

�

Eduardo Pérez-Lobato, Universidad de Antofagasta, Antofagasta, Chile

Figure 1 A programmable-logic device, IC1, and a few additional compo-
nents allow an IBM-compatible PC’s parallel printer port to drive as many
as four external stepper motors and to sense the states of as many as eight
range-of-motion limit switches.
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NOTE: PINS 1, 14, 15, 16, 
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J1

IC1
22V10

TABLE 1 CLOCKWISE-ROTATION 
SEQUENCE
Step A B C D

0 1 1 0 0
1 0 1 1 0
2 0 0 1 1
3 1 0 0 1

TABLE 2 COUNTERCLOCKWISE-
ROTATION SEQUENCE
Step A B C D

0 1 0 0 1
1 0 0 1 1
2 0 1 1 0
3 1 1 0 0
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WORLD’S FIRST ETHERNET-TO-
T1/E1 MEDIA CONVERTERS WITH

INTEGRATED TRANSCEIVERS
The DS33R11/DS33R41 are designed for Ethernet extension, transparent LAN service, WAN bridges,
DSLAMs, and xDSL equipment. They economically transport Ethernet packets over T1/E1/J1 facilities, utilizing
HDLC/X.86 (LAPS) encapsulation. The DS33R11 contains a single T1/E1/J1 transceiver.
The DS33R41 supports Ethernet extension with Layer-1 inverse multiplexing over four integrated T1/E1/J1
links. OAM and signaling are supported for integration into existing PDH networks. The product family also
contains optimized devices for applications only requiring a TDM output, such as HDSL and optical interfaces.

FEATURES THAT BEAT THE COMPETITION
♦Map Ethernet Packets into HDLC/X.86 

(LAPS) and Transmit Directly over T1/E1/J1
♦Up to Four T1/E1/J1 Framers 

with LIUs
♦Gapped Clock Enables N x DS0 Transport
♦DS33R41 Inverse Multiplexes Packets on 

Four T1/E1/J1 Lines
♦BERT and Loopbacks for Diagnostic Testing
♦Full T1/E1/J1 Performance Monitoring
♦Programmable, Committed Information Rate
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T1/E1/J1 TRANSCEIVERS
SIMPLIFY DESIGNS!

*5k-up recommended resale, FOB USA. Prices provided are for design guidance and are FOB USA. International
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the PLD which motor should run, with
00 for Motor 0, 10 for Motor 2, 01 for
Motor 1, and 11 for Motor 3. For D5,
the PC takes control of the PLD chip:
0 disables the PLD, and 1 enables the
PLD. For D4, the PC commands the
PLD to control the BSS register’s con-
tents, with 0 for hold and 1 for clear.
For D3 through D0, the PC selects
which pair of motor windings get ener-
gized: 1001�A and D, 1100�C and D,
0011�A and B, and 0110�C and B.
Parallel-port input-register, address
88810�1 indicates acknowledge, busy,
paper, or select. The PC reads acknowl-
edge to determine whether a switch is
active: 0 means that any switch is
active, and 1 means that no switch is

active. The PC reads the
busy, paper, or select reg-
ister to determine which
of the switches is active: 

000�S1, 011�S4,
110�S7, 001�S2,
100�S5, 111�S8,
010�S3, 101�S6.

You can download List-
ing 1 for this Design 
Idea from www.edn.com/
060216di3. Note that 
the PC’s portion of the
software is written in Pas-
cal, and the PLD’s inter-
nal software is written in
an emulated version of
Basic.EDN

designideas

Figure 2 Each half-bridge-driver circuit, IC3 through IC6, controls a single two-winding stepper motor.
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Figure 3 To control a stepper motor’s direction
of rotation, energize the windings as shown in
tables 1 and 2.
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72V SWITCH CONTROLLERS PROVIDE 
OVER-/UNDERVOLTAGE PROTECTION

FOR AUTOMOTIVE APPLICATIONS
High Integration Ensures Reliability, Saves Power, and 

Minimizes Board Space Over Discrete Solutions

Part Features
MAX6397/MAX6398 OVP; +100mA always-on regulator (MAX6397)
MAX6399 OV/UV monitoring with POK indicator
MAX6495/MAX6496 Small, 6-lead OVP circuit
MAX6497/MAX6498/MAX6499 OV/UV monitoring, POK indicator, POK monitor, OV latch, window
MAX16010–MAX16014 Window monitoring, output-disable feature, p-channel comparator options

VOLTAGE LIMITER
OVER-/UNDERVOLTAGE

MONITORING

VIN
(10V/DIV)

VOUT
(10V/DIV)

10ms/DIV

ON

OFF

OV LEVEL

OV

UV

UV LEVEL

OUT DISCONNECTS
DURING OV

OUT DISCONNECTS
DURING UV

SWITCH REGULATES
OUTPUT DURING
OV CONDITION

OVSET

GNDCLEAR

GATE OUTFBIN

UVSET

R2

VIN = 5.5V TO 72V

R3

R1

GND
IN OUT

MAX5073

MAX6499

GATE CHARGE PUMP
ENHANCES nMOSFET; 100mA 

PULLDOWN FOR FAST SHUTOFF
DURING OV CONDITION

USE OF LOWER
INPUT VOLTAGE DC-DC

REDUCES SYSTEM COST

SHDN

PROTECT DOWNSTREAM
ELECTRONICS FROM 

LOAD-DUMP CONDITION

EVALUATION

KITS

AVAILABLE
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IP67-rated, sealed, snap-action switches 
suit transportation applications

Carrying an IP67 rating, this family of sealed, snap-action switches detects
range of motion or the position of an object. These devices target automo-

bile devices, including audio, interior lamp, accelerator- or break-pedal position, door
latch, seat position, power mirror, trunk latch, sunroof, and shift levers. All of the
switches handle 15A microloads and come in SPDT and SPST NC/SPST-NO con-
figurations. Comprising the D2VW, D2SW, D3HW, D2HJ, D2FW-G, and Z-55
switches, the series’ prices range from 73 cents to $10.41 (10,000).
Omron Electronic Components, www.omron.com

productroundup

Three analog
switches/multiplexers
have wide voltage ranges

Operating over a 2.7 to 12V volt-
age range for single supply or a

�2.7 to �6V range for dual supply, the
DG9051, DG9052, and DG9053 analog
switches/multiplexers come in an eight-
channel analog multiplexer, a dual four-
channel analog multiplexer, and a triple
two-channel SPDT analog switch,
respectively. Targeting cell phones,
communication systems, data-acquisi-

tion systems, automated test equipment,
and automotive systems, the devices fea-
ture a 0.8 to 2V logic range when oper-
ating from a 5V power supply or dual
�5V power supplies and a 0.8 to 2.4V

logic range when
operating with a
12V power supply.
Depending on the
power-supply con-
figuration, the de-
vices have on-re-

sistances as low as 30�, with guaranteed
on-resistance matching as low as 5�.

�

�

SWITCHES AND RELAYS
These analog switches/multiplexers cost
86 cents (1000).
Vishay, www.vishay.com

DPDT switch targets
WiMax- and mesh-
network applications

The GaAs (gallium-arsenide)
MASWSS0184 DPDT high-power

switch maximizes system-linearity per-
formance and reduces dc power consump-
tion. The device suits 802.16 WiMax- and
mesh-network applications requiring 1-dB
compression of 40-dBm handling, 1-dB
typical insertion loss, and 30-dB isolation.
Available in a 3�3-mm PQFN package,
the MASWSS0184 is ROHS (reduction-
of-hazardous-substances)-compliant and
costs $2.25 (10,000).
M/A-Com, www.macom.com

Low-voltage analog
switches target wireless-
audio applications

Available in six-, 10-, and 16-pin
options, these low-voltage analog

switches suit high-current switching of
audio signals in portable and wireless
applications with low operating voltages.
The NLAS5223-
MNR2G dual-
SPDT switch fea-
tures a 0.35� on-
resistance in a
2.6�1.8�0.75-mm QFN-16 package.
The NLAS5223MNR2G single-SPDT
switch features a 0.35� on-resistance in
a 1.4�1.8�0.75-mm QFN-10 package.
The LNAS5123MNR2G SPDT features
a 1� on-resistance in a 1.2�1�0.75-mm
DFN-6 package. The six-, 10-, and 16-pin
devices cost 56, 67, and 97 cents
(10,000), respectively.
On Semiconductor, www.onsemi.com

�

�
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Simulator upgrade
features RF-
budget analysis

Upgrades for the analog
RF VSS (visual-system

simulator) include an RF-bud-
get-analysis application, as-
sisting users in deriving com-
ponent specifications. The
upgrades include an elastic
buffer for faster simulations
with multirate capability, a
one-step signal generator for
generator-test signals, and an
intelligent receiver allowing
changes at the transmitter end
to eliminate potential design
errors in the receiver. Target-
ing RF-IC designs, the simu-
lator includes RF models in
the designs’ voltage domain.
Dedicated system-engineer-

ing tools include RF cascade
measurements for yield-
analysis performance, im-
pedance mismatch for moni-
toring VSWR (voltage-stand-
ing-wave ratio), and a fixed-
point library. An autocom-
pensation-filter phase rotation
reduces bit-error-rate simula-
tion time, and backward/for-
ward propagation automat-
ically adjusts the data rate.
Applied Wave Research Inc,
www.appwave.com

Verification IP
divides into 
three categories

Targeting use in the
ZeBu emulation plat-
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�

EDA TOOLS

�

Programmable
converter has
14 channels

Claiming improved ac-
curacy and reliability

of touch controls in handheld
devices, the AD7142 pro-
grammable, 14-channel, 16-
bit capacitance-to-digital
converter operates from a 2.7
to 3.3V supply. Features in-
clude automatic environ-
ment compensation and the
ability to perform calibration
digitally on-chip and with
SPI or I2C compatible inter-
faces. Peripherals include a 1-
mA, full-power mode, a 2-
�A shutdown current, and
the ability to trade off output
rate and power. Available in
a 5�5-mm LFCSP-32 pack-
age, the AD7142 costs
$1.09. AD7142 evaluation
boards cost $199.
Analog Devices, www.
analog.com

Processor IC 
provides FireWire
connectivity

Targeting complex re-
cording and mixing

environments, BeBoB 3.1,
running on the vendor’s
DM1500 processor IC, pro-
vides 80 audio channels at 96
kHz or 128 channels at 48
kHz. With the same process-
ing capabilities as the DM-
1500, the DM1100 processor
IC also features 12 I/O chan-
nels at 192 kHz and enables
FireWire audio systems re-
quiring a 12-channel device.
Both products come in bun-
dled platforms, incorporating
the processor IC and BeBoB
firmware stack. The DM1100
combined firmware/processor
platform costs $15 (1000),
and the DM1500 firmware/
processor platform costs $29
(1000).
BridgeCo, www.bridgeco.net

INTEGRATED CIRCUITS

�

form, this catalog of peripher-
al-verification IP (intellectu-
al-property) models divides
into synthesizable memory
models, transactors, and
hardware bridges. Memory
modules replicate real memo-
ry modules in SDR, DDR,
DDR2, and DIMM DRAM
synthesizable models, as well
as in NAND flash-memory
models. The devices support
memory uploading/down-
loading and reading/writing
for each cell at runtime for
interactive design debugging.
Transactors interface a test-
bench written in C/C��/
SystemC/SystemVerilog.
They include the following
protocols: PCI Express with

one, two, four, or eight lanes;
10/100/1-Gbit Ethernet;
Ethernet controller; LCD;
JTAG; UART; keypad; key-
board; and mouse. A memory
transactor extends the design
memory to the pc RAM and
supports MHz access. For
compliance testing of standard
protocols, the hardware
bridges interface a physical
peripheral to a mapped device
under test, executing at a frac-
tion of real-time speeds.
Bridges are available for PCI/
PCI-X and PCI Express with
one-, two-, or four-lane proto-
cols. The ZeBu Vertical Solu-
tion Catalog costs $5000 for a
one-year, term-based license.
EVE, www.eve-team.com

�

550970_096.indd   1550970_096.indd   1 2/2/2006   3:13:17 PM2/2/2006   3:13:17 PM



Enter xx at www.edn.com/info

www.keithley.com

info@keithley.com   • 1-800-588-9238   • Fax 440-248-6168

A  G R E A T E R  M E A S U R E  O F  C O N F I D E N C E

Half the Size. Half the Cost.
Half Your Test Time.

Unbelievable? Give us five minutes and we’ll cut your test time by 50% with these third-generation,
single- or dual-channel SourceMeter instruments. Visit www.keithley.com/at/140.html.

Keithley’s Series 2400 SourceMeter Family also offers a wide range of versatile source and measure solutions.
Call 1-800-588-9238 to find out more.

half

� Integrate multiple instruments easily
into one system to extend optimally up    
to 16 channels – and even more.

� Achieve up to 4X faster test speeds

than the leading competitor for 
unmatched throughput. 

� Get intuitive intelligence with the
embedded Test Script Processor(TSP™)

for high-speed, automated test sequences. 

� Save up to 400% in rack space

over the leading competitor with 
the multi-channel capability inherent
in each Series 2600 SourceMeter
instrument.

� Reduce your software develop-

ment time with Test Script Builder

and LabTracer™2.0 software tools
and standard test scripts that speed
test sequence development.

Introducing Keithley’s Series 2600 SourceMeter® Instruments
Highly versatile, multi-channel I-V test solutions that will slash your test time and

lower your test system cost of ownership.

Four Channels in only 2U Space
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All In A Day’s Work

Go to www.edn.com/crossword to complete 
the crossword online and to view the puzzle’s solution.

DOWN
2 Number of years since

LabVIEW invention
3 Imitation of a real

device to represent 
certain behaviors

4 Software used to easily
connect to instruments

6 Detector (synonym)
7 National Instruments 

CEO nickname
9 Inventor of LabVIEW

11 An instrument that 
measures the viscosity 
of transparent liquids 
and gases

12 Intuitive approach to 
programming

ACROSS
1 LabVIEW-based function
5 The science of generating 

and manipulating and 
storing and retrieving 
recorded data

8 Programmable logic 
hardware (acronym)

10 National Instruments 
headquarters city

13 Common spectral analysis 
algorithm (acronym)

14 National Instruments test 
software

15 Commonly used control 
algorithm

16 Design, _______, Deploy
17 Run until structure for 

continuous execution
18 Make or break an electric 

circuit
19 Science of the chemical 

action of electricity and the 
production of electricity by 
chemical reaction
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Quick Turnaround.
Calibration Available.
International Shipping.

USB  CANbus  I2C  RS232/485  GPS

www.sael ig.com

SSaelig Company Inc.
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USB to I2C
for PC’s

NEW! UCA93LV - bus-powered
USB I2C interface - great for laptops!
400kHz bus monitoring / addr. filtering!
Also: PCI93LV - PCIbus version I2C
master/slave/bus-monitor.      $499.00

FT232R - NEW! USB1.1 serial IC with
new “security-dongle” features. Each IC
has unique ID! Internal EEPROM,
clockgen, pullups, etc. Smaller/cheaper
than FT232BM                    $2.60 (1000)

USB in one IC!

• Same Sensor Invented by Polaroid to Focus Cameras!
• Electrostatic Transducer and Drive Module in One

Complete Package!
• Non-Contact Ranging and Measurement from 6" to over 40'!
• Perfect Sensor for Non-Contact Measurements, Liquid or

Bulk Level Sensing, Proximity Sensing, Robot Guidance
• We Sell Complete Ranging Kits and Components

Phone 734-953-4783
Fax 734-953-4518

www.senscomp.com

Just Add
Power!!
Just Add
Power!!

Complete Ultrasonic
Ranging Sensor –
Complete Ultrasonic
Ranging Sensor –

     

www.PelicanOEM.com 
Log on or call 800.473.5422 to re-
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD fi les, 
and all the information you need to 
learn how you can install and pro-
tect your equipment in a Pelican 
Protector™ Case.

edn575344_pel.indd   1 1/31/2006   6:24:34 PM

To place an ad in

Product Mart...
Contact

Judy Keseberg

Tel. 800-417-5370

E-mail:
judy.keseberg@

reedbusiness.com

To advertise in Product Mart, call call Judy Keseberg at 800-417-5370
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FREE 2006 NI MEASUREMENT AND 
AUTOMATION CATALOGTEXT
Featuring new product information, comparison 
charts, key specifications, and information on:
• NI LabVIEW 8 Distributed Intelligence
• PCI Express M Series
• PXI Flexible-Resolution Digitizer
• USB Data Acquisition Modules
• Related Web links to ni.com
For your FREE 2006 Catalog call or visit 
www.ni.com/info and enter ebn949.
National Instruments
Tel: (800) 433-3488 (U.S. and Canada) 
(512) 683-0100   Fax: (512) 683-9300
info@ni.com

SINGLE BOARD COMPUTERS
PC/104-Plus, EPIC, and EBX embedded com-
puters feature processors from 586 to Pentium 
M. Ideal for OEM applications. Benefits include 
extended temperature operation, industrial I/O,
5-year product availability guarantee and
outstanding warranties. Voted a “Platinum” 
embedded board vendor (VDC surveys, 
2002-2005). Request a Free 2005/2006 catalog.

VersaLogic Corp.
Toll-free: (800) 824-3163
E-mail: info@VersaLogic.com
Web site: www.VersaLogic.com 

MILL-MAX’S DESIGN GUIDE
NOW AVAILABLE ON CD ROM
Mill-Max, is the leading US manufacturer of 
precision-machined interconnect components.
CD includes our most up-to-date:
  • Catalog PDF Pages
  • New Product Information
  • Plant Tour
  • Links to our Website
Visit www.mill-max.com/respond
Response Code: EDN555

KEITHLEY’S 2006 TEST AND 
MEASUREMENT PRODUCT 
CATALOG
Details and specifications on the company’s 
 general-purpose and sensitive sourcing and mea-
surement products, DC switching, RF switching 
and measurement, data acquisition solutions, 
semiconductor test systems, and opto elec-
tronics test hardware. Tutorials simplify product 
selection.
For a free copy, visit http://www.keithley.com/at/282
or call 1-888-KEITHLEY.

BATTERIES SHORT FORM
CATALOG WITH TECHNICAL 
DATA ON CD-ROM
Panasonic’s broad line of battery sizes and chem-
istries is condensed for review in this new 16-page, 
4-color catalog with technical data and compa-
ny overview on enclosed CD-ROM. Batteries 
covered include NiCd, NiMH, Lithium, Li-ion, 
VRLA and Alkaline. Easy-to-use tables give 
technical specifications for model numbers.

Toll Free: 1-877-726-2228
oembatteries@us.panasonic.com
www.panasonic.com/batteries

100  EDN  |  FEBRUARY 16, 2006 To advertise in this section call Judy Keseberg at 800-417-5370

RELEASE//21, EMULATION 
TECHNOLOGY’S NEW CATALOG
ET’s new easy to use, full-line catalog provides 
engineers and test managers the means to quickly
solve problems and get back on track. The cat-
alog compliments ET’s online store, providing 
engineers with the solutions they need.
Order your copy:
www.emulation.com/021
DESIGN. CONNECT. DELIVER. 
Emulation Technology, Inc.
2344 Walsh Avenue
Building F, Santa Clara, CA 95051
1-800-232-7837
www.emulation.com 

VOICE OF THE ENGINEER

literature
link “ The engineering 

professional’s link to 
technical literature”

FREE WASHER CATALOG!
Boker’s FREE, 56-page 2006 Catalog has over 
20,000 non-standard sizes available with no tool 
charges. Outside diameters of 0.080” to 5.140”, a 
wide range of IDs, thicknesses, and 2,000 mate-
rial variations provide millions of possibilities.  
Materials include low carbon steel sheet, five 
types of spring steel, stainless steel, aluminum, 
brass, copper, nickel silver and non-metallics.
— FAST DELIVERY — 
BOKER’S,INC. 
ISO 9001:2000 Registered 
TOLL-FREE: 888-927-4377  
FAX: 800-321-3462
www.bokers.com    sales@bokers.com 
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SURGE PROTECTION
•  COAXIAL Surge Suppressors for PCS, 

GPS, RF Equipment
• AC Protector UL1449
• DC/DATA Line Protectors

• Surge Arrester Gas Tubes
• Voltage from 75V To 2500V
• Available in Surface Mount

CITEL, Inc.
800-248-3548  FAX: 305-621-0766
www.citelprotection.com

AC POWER DISTRIBUTION
& CONTROL SYSTEMS
Product is rack or strip mounted with: 
Circuit Breaker Protection, EMI/RFI Filtering, 
Spike/Surge Protection, Remote Power 
On/Off, Remote Reboot, Emergency Shutdown, 
Redundant Power, Sequential Power Up/Down 
and power regulation Agency systems. ISO 
9001:2000 Certified.

Pulizzi Engineering, Inc.
3200 S. Susan St., Santa Ana, CA 92704-6839
Sales: 605-334-8999 or 800-870-2248
Fax: 605-334-2611   E-mail: sales@pulizzi.com
Web Site: http://www.pulizzi.com 

MULTI-AXIS, MULTI-MOTOR 
MOTION CONTROL ICS
PMD, the leader in IC-based motion, introduc-
es the MagellanTM Family of Motion Proces-
sors. Available in 1 - 4-axis versions these flex-
ible, programmable chips control DC brush, 
brushless DC, microstepping and pulse & direc-
tion motors. Magellan was specifically designed 
to lower your production cost, improve your per-
formance and simplify your design. Contact us 
at 781-674-9860, or visit www.pmdcorp.com for 
more information.

DESIGN GUIDE FOR OPTICAL 
ENCODERS
This Guide provides a comprehensive summary
of optical encoders, accessories and interface 
electronics. Included are design examples, 
absolute and incremental encoders, shafted and 
hollow-shaft styles as well as serial output versions. 
Special sections include hazardous environments.
Call 1-800-ENCODER or visit our web site at 
www.beiied.com.

To advertise in this section call Judy Keseberg at 800-417-5370

EDNLIT_021606.indd 101 2/1/2006 11:32:20 AM

NORTHERN CA/SILICON VALLEY
Patti Sellman, patti.sellman@reedbusiness.com

1-408-345-4439, fax: 1-408-345-4400

PACIFIC NORTHWEST/NORTHERN CA/
ID/NV/OR/WA/WESTERN CANADA

Anne Marie St John-Brooks
amstjohn@reedbusiness.com

1-408-345-4437, fax: 1-408-345-4400

MIDATLANTIC/MIDWEST/CENTRAL
CANADA/DE/IA/IL/IN/KS/KY/MD/MI/
MN/MS/MT/ND/NE/NJ/NY/OH/PA/SD/

TN/WI/WV/WY
Jim Dempsey, jim.dempsey@reedbusiness.com

1-440-333-3040, fax: 1-440-333-3044

NEW ENGLAND/CT/GA/MA/ME/NC/
NH/RI/SC/VA/VT/EASTERN CANADA

(ONTARIO, QUEBEC)
Joe McCabe, jmccabe@reedbusiness.com
1-781-734-8433, fax: 1-781-290-3433

SOUTHWEST/SOUTHERN
CA/AZ/CO/NM/UT

Leah Vickers, ljvickers@reedbusiness.com
1-562-598-9347, fax: 1-214-220-5420

SOUTH CENTRAL AL/AR/FL/LA/MO/OK/TX
Roger Buckley, rbuckley@reedbusiness.com
1-972-216-5104, fax: 1-972-216-5105

NATIONAL SALES DIRECTOR
Alan Robinson, aarobinson@reedbusiness.com

1-408-345-4450, fax: 1-408-345-4400

SENIOR INTERNET SALES DIRECTOR
Barbara Couchois

barbara.couchois@reedbusiness.com
1-408-345-4436, fax: 1-408-345-4400

INTERNET SALES DIRECTOR
Michael Bobrowicz

michael.bobrowicz@reedbusiness.com 
1-408-345-4476, fax: 1-408-345-4400

DISPLAY ADVERTISING,
SUPPLEMENTS, PRODUCT MART, INFO
CARDS, LIT LINK, AND RECRUITMENT

Judy Keseberg, judy.keseberg@reedbusiness.com
1-781-734-8547, fax: 1-781-290-3547

WEB OPERATIONS
Cathy Baldacchini, Director

cbaldacchini@reedbusiness.com
Jessica Mason, jmason@reedbusiness.com

ADVERTISING SERVICE COORDINATOR
Nancy McDermott, nmcdermott@reedbusiness.com

1-781-734-8130, fax: 1-781-734-8086

VP OF INTERNATIONAL SALES
Mike Hancock, mike.hancock@rbp.co.uk

+44 208-652-8248, fax: +44 208-652-8249

UK/NORWAY/SWEDEN/DENMARK/
FINLAND/NETHERLANDS/BELGIUM/

LUXEMBOURG
John Waddell, jwadds@compuserve.com

+44 208-312-4696, fax: +44 208-312-1078

AUSTRIA/GERMANY
Adela Ploner, adela@ploner.de

+49 8131 366 99 20, fax: +49 8131 366 99 29

ISRAEL
Asa Talbar, talbar@inter.net.il

+972-3-5629565, fax: +972-3-5629567

ITALY
Roberto Laureri, media@laureriassociates.it

+39 02-236-2500, fax: +39 02-236-4411

SWITZERLAND
Gino Baretella, baretella@exportwerbung.ch

+41 1880-3545, fax: +41 1880-3546

FRANCE/PORTUGAL/SPAIN
Alain Faure, Alain.Faure@wanadoo.fr

+01 53 21 88 03, fax: +01 53 21 88 01

JAPAN
Toshiyuki Uematsu, t.uematsu@reedbusiness.jp

+81 3-5775-6057

SOUTH KOREA
Andy Kim, andy.kim@rbi-asia.com

+822 6363 3038, fax: +822 6363 3034

SINGAPORE, MALAYSIA, THAILAND
Chen Wai Chun, waichun.chen@rbi-asia.com

+65 6780 4533, fax: +65 6787 5550

TAIWAN
Charles Yang, +886 4 2322 3633

fax: +886 4 2322 3646

AUSTRALIA
David Kelly, david.kelly@rbi.com.au

+61 2-9422-2630, fax: +61 2-9422-8657

HONG KONG
Simon Lee, simonlee@rbi-asia.com.hk

+852 2965-1526
Dolf Chow, dolfchow@rbi-asia.com.hk

+852 2965-1531

VICE PRESIDENT REED ELECTRONICS
GROUP SALES, WEST 

Carole Sacino
csacino@reedbusiness.com

1-408-345-4429, fax: 1-408-345-4400

MARKETING DIRECTOR, EDN WORLDWIDE
Wendy Lizotte

wlizotte@reedbusiness.com
1-781-734-8451, fax: 1-781-290-3451

DIRECTOR OF CUSTOM PUBLISHING
Cindy Fitzpatrick

cfitzpatrick@reedbusiness.com
1-781-734-8438, fax: 1-781-290-3438

ADMINISTRATION
John Blanchard

Vice President of Manufacturing
Norm Graf, Creative Director

Gloria Middlebrooks, Graphic Production Director
Dorothy Buchholz, Group Production Director

DESIGN
Dan Guidera, Senior Art Director/Illustration

RESEARCH DIRECTOR
Rhonda McGee, rmcgee@reedbusiness.com
1-781-734-8264, fax: 1-781-290-3264

CIRCULATION MANAGER
Jeff Rovner, jrovner@reedbusiness.com

1-303-470-4477

REED BUSINESS INFORMATION
Tad Smith

Chief Executive Officer
Stephen Moylan

President, Boston Division
John Poulin

Chief Financial Officer
Executive Vice President

Sean T Keaveny
Vice President, Finance, Boston Division

EDN BUSINESS STAFF
PRESIDENT, BOSTON DIVISION

Stephen Moylan, smoylan@reedbusiness.com; 1-781-734-8431; fax: 1-781-290-3431
PUBLISHING DIRECTOR, EDN WORLDWIDE

John Schirmer, jschirmer@reedbusiness.com; 1-408-345-4402; fax: 1-408-345-4400
OFFICE MANAGER

Rose Murphy, MurphyS@reedbusiness.com; 1-781-734-8457; fax: 1-781-290-3457

For a free subscription, go to www.getfreemag.com/edn. Reprints of EDN articles are available on a custom printing basis in quantities of 500 or more. Elec-
tronic reprints of EDN articles can be arranged as a package with print orders, but are also available separately. For custom reprints and electronic use, please contact Reprint
Management Services at 1-800-290-5467, ext 100, or send an e-mail to EDN@reprintbuyer.com.

EDN060202_101.indd   1EDN060202_101.indd   1 2/1/2006   3:18:16 PM2/1/2006   3:18:16 PM



When Kerbango introduced its Internet Radio in 2000, it was clear that broadband connec-
tions would ultimately make streaming media mainstream. Kerbango was the first to try to

make the experience akin to using a consumer radio or boom box as opposed to requiring a PC. The
company even planned the Kerbango Tuning Service, which would streamline the process of finding
radio stations or other streaming-audio sources on the Internet. The concept was sufficiently com-
pelling that 3Com reportedly paid $80 million to buy the start-up before killing the product in 2001.

Kerbango was too early for several reasons. Semiconductor technology simply couldn’t yield such a
product for $300 in 2000, despite the fact that the design was based on royalty-free Linux. Moreover,
it required an Ethernet connection, and that factor defeated the portability angle. Despite a number of
prototypes at trade shows, Kerbango never shipped the product to the public. But the concept lives
on in products from Netgear, D-Link, Roku Labs, and others that range from less than $100 to
approximately $500. Users can move today’s offerings to the extent of their WiFi networks and can
play radio and music from services such as Rhapsody and Musicmatch.—by Maury Wright

Kerbango Internet Radio was simply ahead of its time
�

YESTERDAY’S HYPE MEETS TODAY’S REALITY

realitycheck

STATS June 2000 introduction price: less than $300 / Total sales: 0
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Scalable, cost-effective
solution for complex
PCB designs
Routing power and ground to split
power planes is just one of the many
tasks made easy with OrCAD® PCB
Designer. Here are some others:

• Placing critical components to 
optimize logical connections

• Producing customized reports

• Adding or customizing drill 
tolerances, symbols, characters

• Quickly creating the fanout for 
dense, high-pin-count devices

OrCAD PCB Designer suites offer a
complete front-to-back PCB design
solution based on powerful technology:

• OrCAD Capture® schematic entry

• OrCAD PCB Editor place-and-route
(based on Cadence® Allegro®

technology)

• SPECCTRA® for OrCAD autorouter
(based on Cadence Allegro 
technology)

You can further enhance productivity
by adding optional PSpice® A/D for
circuit simulation or by adding OrCAD
Signal Explorer (based on Cadence
Allegro technology) for signal integrity
and topology exploration.

We've assembled some of your most
common PCB design issues into a
booklet, the OrCAD PCB Designer
Solutions Guide. Get your FREE 
copy today!

OrCAD PCB Designer
More power to you!

Get your free solutions guide
Visit us at 

www.ema-eda.com/PCBDesignerGuide 
or call us at 800.813.7288[     ]

©2005 EMA Design Automation, Inc. All rights reserved in the U.S. and other countries.
Allegro, Cadence, OrCAD, the OrCAD logo, OrCAD Capture, PSpice, and SPECCTRA are registered trademarks of Cadence Design Systems, Inc.
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CMOS image sensors for cameras, cell phones,
cars, industrial and custom applications. 
From the industry leader in performance CMOS technology,

Cypress image sensors target fast-growing, high-volume

applications and a broad range of high-end consumer,

medical, industrial and aerospace systems. Our product

portfolio includes:

■ Cell phones: Industry-leading 3 Megapixel resolution
CMOS sensor with digital still camera- like quality

■ Digital still cameras: 9 Mp active pixel sensors 
manufactured on Cypress 0.13-micron technology; our 
1, 2 and 3 Mp Ultra-Pocket™ camera kits are used by
leading consumer electronics manufacturers 

■ Automotive: Camera modules for driver and safety 
applications using our proprietary, adaptive wide-
dynamic-range  Autobrite® technology

■ Industrial: 1.3 Mp sensors for machine vision applications
with snapshot shutter and extensive windowing capability

■ Custom: Cypress offers the widest range of custom designs
with high dynamic range and maximum sensitivity

Cypress, the Cypress logo and Autobrite are registered trade marks. UltraPocket, and HiSens are trademarks of Cypress Semiconductor Corporation. ©2005 Cypress Semiconductor Corporation. All rights reserved

TO WIN A FREE KODAK PRO DIGITAL CAMERA
with a Cypress 13.85 Mp CMOS sensor, visit  
www.cypress.com/ad/sensors Our Autobrite® technology’s adaptive wide 

dynamic range allows the sensor to capture 
the detail within a scene across a broader 
range of lighting conditions without saturation.

WITHOUT Autobrite®

WITH Autobrite®

See the 
world through
our eyes.

LINEAR RESPONSE CURVE 

Cypress’s smaller, proprietary 3-transistor architecture — combined with Autobrite®

wide dynamic range technology and enhanced HiSens™ light-sensitivity — maximizes
a pixel’s light-sensitive area, enabling a 3 Mp CMOS image sensor at a 2 Mp form
factor ( 1⁄3 optical inch). A 12-bit ADC and advanced noise-reduction circuitry in the
Cypress device also help to improve performance.

ENHANCED PIXEL FILL FACTOR

CYPRESS 3T PIXEL
STANDARD 4T PIXEL

Used in Cypress’s 
3Mp CMOS Image Sensor

pixel
outline

light -sensitive
area

non light - sensitive
area

Used in typical 
2Mp CMOS Image Sensor
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