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Debugging your designs
with confidence.

It's all about the tools.

Wuye

Measuterment |

o lileasurement

' Frequency

More tools. Better tools. The right tools.

From the world’s most powerful oscilloscopes to the most widely used serial data
protocol analyzers in the industry, LeCroy products are all about the tools.

Now the LeCroy toolbox is more powerful than ever in oscilloscopes you
didn’t know you could afford. From 200 MHz to 2 GHz, LeCroy scopes offer
more analysis and debug tools than anyone else at prices from $3,000.

So what are you waiting for? Find the right tool for your design debug

job at LeCroy. We're all about the tools.

Visit www.lecroy.com Keyword “ToolsMatter”
1-800-5-LeCroy
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RECEIVE A FREE Quality Electronic Components, Superior Service
PRODUCT CATALOG!

Now Featuring: More Wireless
Components Than Ever! www.digikey.com ¢ 1.800.344.4539

Visit www.digikey.com/catalog 701 Brooks Ave. South * Thief River Falls, MN 56701 « USA

© 2006 Digi-Key Corporation




SIMPLE, SENSORLESS CONTROL

FOR DIRECT DRIVE WASHERS

Simplify Design, Improve Efficiency, Accelerate Time-to-Market

ooreaL | L.MOTION INTEGRATED DESIGN PLATFORM
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¢ Motion Control Engine™ (MCE) eliminates
Hall Effect sensars

e Integrated microcontroller enables
application layer software development

¢ No coding, simple graphic block editing
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- IR's (MOTION simplifies design of variable
| ANALOG speed motor control in horizontal and vertical
I_ | axis washing machines to improve washing
e Analog Signal Engine™ (ASE) integrates all cycles and save up to 70% of energy usage.

signal conditioning and conversion circuits
required for single current shunt With ¢éMOTION, you can design a system that:

e Industry-leading high voltage technology Square Reverse Bias SOA e Turns a motor for evaluation in days
instead of weeks

e Performs more efficiently without added
system cost

e Helps you meet, if not beat, aggressive
design schedules
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High Valtage Level Shift Select dMOTION for industry-leading motor control.
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o Utilizes three-phase monolithic gate driver IC
matched with highly efficient Trench IGBTs

e |nsulated metal substrate technology
for reduced EMI

e Replaces over 20 discrete parts

IR's (MOTION (ai mo shan), representing the intelligent motion control
Motion Control Engine and Analog Signal Engine, are trademarks of
International Rectifier

MNP

International

Rectifier

THE POWER MANAGEMENT LEADER

for more information call 1.800.981.8699 or visit us at
www.irf.com/motion
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~ HEY! So is my
BLACK SKY! o My cell phone is dead. ool laptop! It must

This electricity bill { £ . And | charged it be recharged!
this morning!

is a monster!

Mykle-06 Fantasi-Fabrikken AS

Keep up your SUCK OUT (4
e Micro-heipers! - YI°E_ |y M ond make me strong!

AVR MAN!

You don’t copy! Let’s
play ball and control it all!
Imagine the power we
shall devour!
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/;'.f.— Px » I With greedy .
Ve P wastemen roaming I ¢ont the

the earth, | must overuse of
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Fear no more! - Keep u
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reduce the power consump- ) struggle!
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AVR picoPower Microcontrollers

To meet the tough requirements to modern microcontrollers Atmel® has now combined ten years of low power
research and development into picoPower™ technology for AVR® microcontrollers. picoPower enables AVR to achieve
the industry’s lowest power consumption with 650 nA with a real time counter running and 100 nA in deep sleep.

What can AVR picoPower e True 1.8V supply voltage enabling operation of all features and core down to 1.8V
do for your design? * Minimized leakage current enabling 100 nA Power Down sleep consumption

e Sleeping brown-out detector enabling full protection with no power penalty

¢ Ultra low power 32 kHz crystal oscillator enabling operation at only 650 nA

For more information, check out www.atmel.com/ad/picopow

© 2006 Atmel Corporation. All rights reserved. Atmel®, logo and combinations thereof, AVR®, Everywhere You Are® are registered of Atmel Corp orits

Everywhere You Are®
Other terms and product names may be trademarks of others. All Characters in this document are created by Mykle and Fantasi-Fabrikken AS 2006.



Design 10X Faster

with Graphical System Design

TRADITIONAL SYSTEM DESIGN GRAPHICAL SYSTEM DESIGN

Graphical System Design

Accelerate your embedded design using National Instruments LabVIEW
graphical programming, third-party tools, and commercial off-the-shelf
hardware. Graphical system design empowers you to rapidly design, prototype,

and deploy embedded systems.

DESIGN ’ ‘ PROTOTYPE ’ ‘ DEPLOY “With graphical system design through NI LabVIEW

and CompactRI0, we designed a motorcycle ECU

> Control design >1/0 modules and drivers > Rugged deployment platforms prototyping system in three months versus two-and-

> Intellectual property libraries > COTS FPGA hardware > Distributed networking . »
a-half years with traditional tools.”
> Digital filter design >VHDL and C code integration > Human-machine interfaces

— Carroll Dase, design engineer
Drivven, Inc.

> Dynamic system simulation > Design validation tools > Firmware management

Learn how to design faster through Webcasts by Analog Devices,
Celoxica, and Maplesoft at ni.com/design. (800) 450 8999

© 2006 National Instruments Corporation. All rights reserved. CompactRIO, LabVIEW, 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. 8088-821-101

‘7 NATIONAL
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Agile software
=.~ empowers wireless-
- sensor networks

Applications for wire-
less networks can
range from home auto-
- mation to large-scale environmen-
tal monitoring. With the freedom
these wireless approaches offer,

< you can network the tundra as
easily as the office.

by RJ Tanzillo,
National Instruments
Model behavior:
creating embedded-
software short cuts

As embedded-sys-

tem teams race to

bring new products to
market, designers are evaluating

A logical approach
to NVM integration
in SOC design

SOC designers have
several options for inte-
grating NVM (nonvola-

model-based development tools tile memory) into their designs, so
to deal with escalating software Beyond Spice it's wise to weigh the availability
complexity. . and numerous trade-offs before
by Warren Webb, Technical Editor Field-solver software jumping headfirst into integrating
can predict the behavior | NVM into your SOC.
of circuits that operate by Ann De Vries and
at speeds and densities beyond Yanjun Ma, Impinj

the capabilities of Spice to prop-
erly model. Whether you are trying
to verify signal integrity or design-
ing an RFIC, you should know
how field solvers could help your
design.

by Paul Rako, Technical Editor

IDEAS

Microcontroller drives logarithmic/linear dot/bar 20-LED display

7 6 5 4 3

7o % X L% 1% Optical feedback extends white LEDs’ operating life
141 15| 16| 17| 1¢
D2,| D24| D24| D2,| D2, Sequencer controls power supplies’ turn-on and turn-off order

Use dual op amp in an instrumentation amp

JANUARY 18, 2007 | EDN 5
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Stratix Il Family:
The Lowest-Power
High-Performance FPGAs

Building on the success of prior genérations,
Stratix” [T FPGAs give you the highest

performance available, while kecping power
consumption tO a minimum.

Design your next-generation systems with confidence.

Design with Stratix Il FPGAs. %

AITERAR

The Programmable Solutions Company®

www.altera.com/confidence

2006 Altera Corporation. All nights reserved. Aliera, The Programmable Solutions Company, t gos that are
ervice marks are, unless noted otherwise, the rrademarks and service mark 14
ve holders. Alrera products are protected under numerous 115, and foreign parenes and pe
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Software tests compliance with eight popular
protocols

Low-cost, high-1/0-count FPGAs target display
market

Data-acquisition module features USB interface

I[EEE 802.11n wireless-LAN market remains
in conflict as draft-n battle looms

EDN.comment: EDA Consortium: the Market
Statistics Service

Bonnie Baker: Comparing DAC architectures
Tales from the Cube: One man’s trash ...

Prying Eyes: Seeking the secrets of a satellite
receiver

Scope: APEC 2007, document-quality printing,
and developing-country electronics

Practical book helps developers apply USB-
interfaced mass-storage devices

Model-based DFM platform emerges

Voices: Cherokee International: Where in the world
are design and manufacturing?

Optoelectronics/Displays: LED bulbs, charge
pumps, fiber-optic LED transmitters, digital
optocouplers for hybrid vehicles, and more

Computers and Peripherals: High-performance
monitors, DVD-RAM drives, graphics cards,
and more

Test and Measurement: In-circuit and debugging
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XBee™ ZigBee OEM RF Module

ZigBee/IEEE 802.15.4 compliant solution that
delivers critical data between devices. Operates
within the ISM 2.4GHz-frequency band, TmW
power output up to 100m range, U.FL.RF
connector, -40°C to 85°C temp. range, and chip
or wire options. Supports advanced networking
and low-power modes.

fMEXStrEEITI@

mouser.com/maxstream/a

Embedded Products for
the Latest Technologies

Rabbit Semiconductor BL2600 Wolf™ RABBIT >
maouser.com/rabbitsemi/a

Reduced time to market is critical for new
product designs -- lost time means lost revenue.
That's why engineers depend on Mouser to
deliver a broad selection of embedded products
fast!

And because these components have a
solution designed in, engineers can utilize

XPort™ AR

XPort™ AR contains all the essential device )
computing and networking features built
into a single RJ45 package, including a
120Mhz DSTni™ processor, 10/100
Base-T/TX Ethernet connection, an e
embedded web server, and a full network

operating system with TCP/IP protocol stack.

L/\NT?ON'X mouser.com/lantronix/a

FlashDisk Module

Provides non-volatile, solid
state data and program
storage for embedded
applications. Operating
system, application
software compatibility,
and portability is ensured by the module’s True IDE
interface. No moving parts allow for more rugged
and reliable performance than rotation hard drives.

SianeTeCh mouser.com/simpletech/a

4000
High-Performance
Microprocessor &

Low EMI microprocessor for

embedded control, communications, and Ethernet
connectivity. Glueless architecture, 10Base-T
Ethernet, C-friendly instruction set. Up to 60MHz,
8 independent DMA channels, supports 8 or
16-bit Flash and SRAM memories, 7 hardware
breakpoints, 40+ 1/0 lines.

MOD5282
32-bit
Processor

these plug-and-play modules from test through

production - saving time and money.
Experience Mouser’s time-to-market

advantage! Our vast selection of the NEWEST

Module

32-bit 66MHz ColdFire
processor with 10/100 Ethernet, 3 UARTSs, 8 10-bit

products, NEWEST technologies, new catalog
every 90 days, no minimums, and same-day
shipping on most orders, gets you to market
faster. We make it easy to do business with
Mouser!

mouser.com (800) 346-6873

N

The Newest Products
For Your Newest Designs

ADC, 12€, SPI, and 50 digital I/0. Comprehensive
software package consists of uC/OS RTOS, TCP/IP
stack, web server, NetBurner Eclipse IDE with
C/C++ compiler, and debugger.

a tti company

’/l/e tBurner
L/ Newordnair 102y IOUSEr.com/netburner/a

/

The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies from Mouser Electronics

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc. Other pro

os, and company names mentioned herein, may be trademarks of their res




Check out these Web-exclusive articles:

WiQuest adds video support

to Wireless USB

For months now, rarely a week has passed

when one Wireless USB player or another

hasn't touted a chip compatible with the

specifications that the WiMedia Alliance

has shepherded.
www.edn.com/article/CA6401216

Denali offers MLC and SLC NAND-
controller core, development software
Denali Software Inc is expanding its
implementation IP (intellectual-property)
portfolio, introducing a new controller core
for MLC (multilevel-cell) and SLC (single-
level-cell) NAND devices.
www.edn.com/article/CA6401727

Blaze DFM’s dummy-fill-synthesis

tool has smarts

Blaze DFM is following up its mid-2006

release of its Blaze MO gate-CD bias-

ing/leakage control tool with a dummy-fill

“synthesis” tool.
www.edn.com/article/CA6400204

In this new blog,
Technical Editor Robert
Cravotta explores pro-
cessor and software-
processing architectures
and the impact they
have on system and
software development.
www.edn.com/processing

{,

A selection of recent articles receiving
high traffic on www.edn.com.

Cutting the carbon-energy cord:
Is the answer blowin’ in the wind?
www.edn.com/article/CA6399098

Harvesters gather energy from the
ether, power lightweight systems
www.edn.com/article/CA6399099

The Hot 100 products of 2006
www.edn.com/article/CA6399100

Three microcontroller ports drive
12 LEDs
www.edn.com/article/CA6399101

Magnetic-field probe requires few
components
www.edn.com/article/CA6399102

Dynamic siphon steals current
from USB port
www.edn.com/article/CA6399103

Broadband connections: A day isn’t
always a day, but a byte is a byte
www.edn.com/article/CA6399104

Hard-disk-drive seminar discusses
road map for PMR
www.edn.com/article/CA6399873

Simple tester checks Christmas-tree
lights
www.edn.com/article/CA46423

Simple scheme saves string-light
situation
www.edn.com/article/CA46448

online contents

www.edn.com

B |

TICKETS ON SALE NOW!

Tickets for EDN'’s annual Innovation
Awards banquet are now on sale. The
event will take place April 2, 2007, in San
Jose, CA. Visit www.edn.com/innovation
for more details and to order your tickets
today. Order before February 2 and receive
the special early-bird ticket price.

HOT 100 PRODUCTS of 2006
As 2007 gets underway and we prepare
for a whole new batch of hot products in
the year to come, take a look back at the
ones to beat from 2006! Our list distills the
most innovative and significant products of
the year, including process technologies,
power sources, storage devices, proces-
sors, intellectual-property cores, communi-
cation controllers, test instruments, embed-
ded boards, EDA tools, and more.
www.edn.com/2006hot100
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EDN.COMMENT

EDA Consortium:
the Market Statistics Service

ditor’s note: In two 2006 columns, EDN Senior Editor Mike
Santarini took EDAC (Electronic Design Automation
Consortium) to task for changes in how they report mar-
ket numbers (www.edn.com/article/CA6387027 and www.
edn.com/article/CA6298273. EDAC’s Executive Director

Robert Gardner responds here to those columns.

I'd like to shine some light on
EDAC’s MSS (Market Statistics Ser-
vice) and talk about the value it pro-
vides. EDAC created the MSS more
than 10 years ago to give industry
members timely information about
EDA revenue by market segment. The
MSS releases the top-line industry-
revenue numbers to the public each
quarter, and paying subscribers receive
breakdowns by more detailed product
segments. The service is available for
purchase from EDAC, with discounts
for consortium members and compa-
nies that report their own data.

Although some have compared the
MSS report with the Gartner/Data-
quest report, it actually serves a dif-
ferent purpose. The Gartner/Data-
quest report was perhaps the best-
known and most detailed source of
market numbers in EDA, providing
market-share numbers and segment-
growth forecasts. Gartner/Dataquest,
however, published only annual num-
bers. The EDAC MSS report focuses
on providing a quarterly snapshot of
EDA revenue by product categories
and region, offering a timely barome-
ter of the industry.

The MSS has reported SIP (semi-
conductor-intellectual-property) data
as a separate category since 1997, so

| JANUARY 18, 2007

it isn’t a new addition. From 1997 to
2004, the MSS SIP category grew from
having two subcategories to six sub-
categories. In addition, EDAC’s quar-
terly press announcements publicly
broke out SIP market-segment reve-
nue. As IP (design reuse) became an
increasing part of both EDA custom-
ers’ speeding their designs to market
and the product lines of many EDA
companies, it made sense for EDAC
to review the SIP-category reporting.
In 2004, EDAC announced its work
with the VSIA (Virtual Socket Initia-
tive Alliance) to define approximate-
ly 40 additional SIP-product subcat-
egories for the MSS. When making
this decision, EDAC consulted with
the VSIA to determine reasonable
SIP-product subcategories. We also
continued to reach out to IP compa-
nies to report their revenue numbers
to EDAC. IP companies have since
joined EDAC, and two of their lead-
ers have joined our board: John Bour-
goin, president and chief executive of-
ficer of MIPS Technology, and Sanjay
Srivastava, president and chief exec-
utive officer of Denali Software. An-
other change that took place is that,
in October 2005, EDAC announced
its decision to include the publicly
available numbers of nonreporting IP

/

BY ROBERT GARDNER, EXECUTIVE DIRECTOR, EDAC

companies. EDAC includes all avail-
able market data to give the best pic-
ture of what’s happening in the SIP-
product segments. EDAC separately
breaks out the nonreporting IP com-
panies in the report so that a recip-
ient of the report can exclude them
from analysis if he or she wishes.

The inclusion of IP data does, of
course, change the overall revenue
that the MSS reports, but recipients
of the report still get the full break-
down by product segment. The pro-
cess is transparent, and any company
that doesn’t wish to include IP in its
own internal analysis of the market
can remove it.

To ensure the integrity of report-
ing, individual companies report their
revenue—divided into the established
product segments—to audit company
PriceWaterhouseCoopers. The audit
company then reports total revenue by
product segment, as well as by region.

Like any other report about a dy-
namic market, this report’s results are
approximate. New companies or seg-
ment reporting can create year-over-
year comparison issues in the data.
EDAC handles these issues by provid-
ing complete listings of all companies
included in each segment’s numbers.
Each user of the report has complete
information, so they can judge how
best to use the data.

The MSS is a great service that
provides useful data at an affordable
price. The quarterly release of revenue
breakdown by major category (com-
puter-aided engineering, pc boards
and multichip modules, IC physical
design and verification, and SIP) is
only a small piece of the entire report.
If you have interest in EDA-market
data, EDAC encourages you to exam-
ine the full report.Ebn

AT EDN.COM >

Go fo www.edn.com/070118ed
and click on Feedback Loop to post a
comment on this column.




Asthinas 0.8 mm

Inductance up to 3300 yH
Highest Isat ratings

o o (S A
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LPS3008 LPS3010 LPS3015 LPS4012 LPS4018

0.56 - 330 yH 0.47 - 330 uH 1-330 uH 0.33 -3300 uH 0.56 - 3300 uH
Upto1.8A Upto2.3A Upto2.0A Upto5.0A Upto4.8A
3x3mm 3x3mm 3x3mm 3.9x3.9mm 3.9x3.9mm

0.8 mm high 0.9mm high 1.4 mm high 1.1 mm high 1.7 mm high

These new ultrathin inductors
really shine in LED and EL
backlight applications

Our new LPS shielded inductors give you the
best combination of ultralow profile and high
level performance.

Highest saturation current ratings Compared
to competitive inductors of the same size, our
Isat ratings are typically 20 - 30% higher.
Widest range of L values Only Coilcraft’s LPS
family offers you so many inductance options:
from 3300 pH all the way down to 0.33 puH.

ORDER leEC"'

OVERN

And no one else has so many high inductance
values in a 3x3 mm footprint.

Rugged construction Their impact-resistant
design withstands 1500 G’s deceleration in one
meter drop tests, making them the per-
fect inductors for handheld devices.

See why designing in our new LPS
inductors is a really bright idea.
Visit www.coilcraft.com/lps3
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80?3\—“ DELIVERY! CALL BY °¢ www.coilcraft.com  800/322-2645



The Ultimate in Ethernet PHY Solutions

10BASE-T/100BASE-TX Physical Layer Transceiver with MII/RMII Interfaces

Media Player Entertainment System

y

DSL

Set-fop Box

.

X

. KSZ80AINL
®

Printer

Game Console o /J

Micrel's ksz8041NL provides the ultimate in Ethernet PHY Good Stuff:
solutions. The KSZ8041NL has the industry's smallest package,
5mm x 5mm MLF™, industry's lowest power consumption of less
than 180mW and the highest ESD ratings for a Fast Ethernet
transceiver at 6KV. The KSZ8041NL is ideal for applications where
board real estate is at a premium, where low power is important,
and where stringent ESD conditions apply, such as in Industrial
Ethernet environments. In addition, at 6KV ESD, the chip exceeds
the ESD requirements for most industrial applications.

Single chip T00BASE-TX/10BASE-T physical layer solution
Low power CMOS design, power consumption of ~180 mW
Robust operation over standard cables

Supports Media Independent Interface (MIl), Reduced

MII (RMI1)

Supports HP MDI/MDI-X auto crossover

Supports power down mode and power saving mode
MDC/MDIO for rapid configuration

Fully compliant to IEEE 802.3u standard

Supports auto-negotiation and manual selection for
10/100Mbps speed and full/half-duplex mode

Single Power Supply (3.3V)

32-pin MLF™ (QFN per JEDEC) package

For more information, contact your local Micrel sales representa-
tive or visit us at: www.micrel.com/ad/ksz8041nl.
Literature: 1 (408) 435-2452 Factory: 1 (408) 944-0800

MMICREL

Innovaltion Through Technology™

€O G000 06 G090

www.micrel.com © 2007 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc.
MLF is a registered trademark of Amkor Technology.
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Why settle for a slice?

When you can have the
whole pie...

PicoScope 5000 Series USB 2.0, PC Oscilloscopes

The No Compromise PC Oscilloscopes
With class-leading bandwidth, sampling rate, memory | 290 MHZ Bandwidth |'/

depth and an array of advanced high end features the
PicoScope 5000 PC Oscilloscopes give you the 1G5/s Sample rate //

features and performance you 128M Sample Record Iengthl';

need without any compromise.
s Advanced iaoers All other oscilloscopes at this price range farce
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i . = L
. specifications: bandwidth, sampling rate of
triggers the PicoScope 5000 i : R ; .
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&250MHz Spectrum analyzer
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capture and analysis software arbitrary waveform generator
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Our new line of B2B® SMT Connectors can stand up to the most rigorous
board stacking applications.

o Screw-machined terminals with multi-finger contacts for mission crifical reliability (rated up to 500 cycles)

@ Robust molded LCP insulators with infegral keying features ensure positive polarization
and allow for blind mating

o Standard eutectic or RoHS compliant lead-free solder ball terminals for superior processing results
® Available in industry-standard 1.27mm pitch footprints for mated heights of 6.0mm, 8.0mm, and 12.7mm
o (ustom designs available

At 3 amps per pin, more contacts can be To learn more, visit us online at ADVANBEB
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Load Testing

Factory
Automation
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Design Tools

Low-Voltage Current Loop Transmitter

— By Walt Bacharowski, Applications Manager

Current Loop
Receiver

Current Loop
Transmitter

Sensor

Figure 1. Current Loop Components and Connection

and process control systems, creates challenges for maximizing the

operating loop length. In some cases, a very long loop is required and
the combination of limited loop-power supply voltage and excessive loop
wire resistance prevents it use. This article discusses the use of low-voltage
amplifiers to minimize the transmitter’s operating voltage requirements,
which will maximize the operating loop length.

’ I Yhe 4 to 20 mA current loop, which is used extensively in industrial

Typically, the current loop is powered from the receiver side while the
transmitter controls the current flowing in the loop to indicate the value of
the physical parameter being measured by the sensor. Figure I shows the
basic components and connection of a current loop.

The maximum distance between the transmitter and receiver is dependent
on the power supply voltage (Vs), and the sum of the loop drops, which are
the minimum transmitter voltage (VT), the voltage drops across the wire
resistance (WR; and WRy), and receiver resistor (RR). In equation form:

EQ1 Vs=Vwgr+ Vr+ Vwgza+ Vgr

Generating Precision Clocks National

for >1 GSPS Interleaved ADCs Semiconductor
The Sight & Sound of Information




Solutions for Pressure Force Load Testing

LMP2012 Precision Op Amp

Auto zero dual op amp

Input offset voltage, Vgs, (36 pV MAX) minimizes
signal amplification errors of original input

TCVos of 15 nV/°C maintains a stable Vg over time
and temperature

CMRR and PSRR greater than 120 dB ensures
accuracy over various common mode voltages and
across its entire operating voltage range

Gain bandwidth product and slew rate are best in
class at 3 MHz and 4 V/us

Also available:
¢ LMP2011 (single) in SOIC-8 and SOT23-5 packaging

e LMP2014 (quad) in TSSOP-14 packaging

ADC121S625 12-Bit A/D Converter

12-hit analog-to-digital converter

True differential inputs

Guaranteed performance from 50 kSPS to 200 kSPS
Reference voltage between 500 mV and 2.5V
Binary 2's compliant
SPI™/QSPI™/MICROWIRE™/DSP compatible

DAC081S101 8-Bit D/A Converter

For FREE samples, datasheets, and more information, visit

www.national.com/adc
amplifiers.national.com

2

Low power, 8-bit digital-to-analog converter
+0.75 LSB INL

3 psec settling time

Rail-to-rail voltage output
SPI™/QSPI™/MICROWIRE™/DSP compatible
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Low-Voltage Current Loop Transmitter

Substituting the loop current and loop resistances
into EQ1:

EQ2 Vo= I1Wg1+ Vr+ [1Wg2+ I1RR

Given the wire’s resistance in X Ohms per foot, the
maximum loop current of 20 mA, the value of R
equal to 109, and the equal lengths of wire, EQ2
can be rearranged to calculate the maximum loop
distance in terms the loop parameters:

Vg - Vy - 0.2
0.04 (X O/ft)

EQ3

EQ3 illustrates three ways to increase the
maximum loop length: (1) increase the loop power
supply voltage, (2) increase the wire gage, which
will reduce the wire’s ohms per foot, or (3) reduce
the minimum voltage required for the current loop
transmitter operation, which is the focus of the
following section.

The use of low voltage amplifiers, such as the
LMV951, and low drop out voltage regulators,
such as the LP2951, can reduce the minimum volt-
age required for the current loop transmitter.
Figure 2 shows the schematic of a loop-powered
4 to 20 mA transmitter, which will function with a
minimum of 1.9V, and a 4 to 20 mA receiver.

In this example, a temperature sensor, such as the
LM94022, provides a signal for the transmitter.

The components Al, QI, and R1 through R5
form a voltage-to-current converter. The nonin-
verting input of Al, pin 3, is the summing node for
three signals, the loop current, offset current, and
sensor signal voltage. The resistor R2 is the current
shunt that measures the current flowing in the loop
and is fed back through R3. The total loop current
is the sum of the currents flowing in resistor R2
and R3, I =Iro+Ir3. The amplifier, Al, forces the
voltages at its inputs, pins 3 and 4, to be equal by
forcing more or less current through R2. The result
is that R2 and R3 have the same voltage across
them. The ratio of the currents in R2 and R3 is the
inverse of the resistor ratio:

EQ4 (a2 _ B3,

lps Rz
This highlights that the current in R3 is also part of
the voltage-to-current conversion and is not an
error current. An error source that will affect the
loop current is the offset voltage of amplifier Al,
which will add an error current to the loop current.

At the minimum loop current of 4 mA, the voltage
V2 is very close to 0.040V.

i 8
ol W J_ 5

10K >10nF REE

f sow

I, l? R2
T, = LM94022 L
S I Vi
A1 =LMV951 —> 1
VRreg= LP2951 4t0 20 mA
Current Loop
Transmitter

= To
6_CS b
5 SDATA H

ADC = ADC081S021

41020 mA
CurrentLoop ~ A2=LMP8270 ADC101S021
Receiver Vger = LM4140ACM-4.1  ADC121S021

Figure 2. Loop-Powered Transmitter Schematic
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Solutions for Factory Automation

Resistance Temperature Detector Application
+V

413

R2 |

+V
+V
L1, se

5 11800 3
6 /CS __, TopP

5 SDATA ;

v
OUTllﬂﬂpF <4 2

A1, A2, A3, and A4 = LMP7701 ADC = ADC121S021

or one LMP7704 (quad op amp)

Thermocouple Temperature Detector Application

1800 3

+V
A
4 |Cold Junction Av =200
Temperature Full Scale ~ 500°C 470 pF 1
Y ™
1 ob 3| | Vour +5
GS0 LM4140ACM-4.1 To
- 4 a0%v WP
GS1 ; ——

Tesr 472 12471,8

< Type K \/—

Thermocouple
v Y 4
Copper 5K

Amplified
Thermocouple Itm pF
Output

Cold Junction ™
e Tegr= LM94022 ADC = ADC081S021
A1=LMP7701 ADC101S021
ADC121S021

For FREE samples, datasheets, and more information, visit

www.national.com/adc
www.amplifiers.national.com
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Precision Op Amps

Supply

Max VOS TCVgs Specified
Product ID Room Temp (pV) [N/A)] Voltage R
LMP2011/12/14 25 0.015 2.7t05.25
LMP7701/02/04 200 1 27t012
LMP7711/12 150 -1 1.8t0 5.5
LMP7715/16 150 -1 1.8t0 5.5

ange (V)

120
100
100
100

130
130
100
100

130 | 3

130 | 25
10 | 17
10 | 17

Igias
Voltage Noise Room
(nV/\/Hz) Temp (pA)
35 -3
9 0.2
5.8 0.1
5.8 0.1

Precision Current Sense Amps

Product ID Input Voltage Range TCVgs (uV/°C) Fixed Gain (V/V) Supply Voltage (V) CMRR (dB) Packaging
LMP8275 -210 16 30 20 475t05.5 80 SOIC-8
LMP8276 -2to 16 30 20 475t05.5 80 SOIC-8
LMP8277 -210 16 30 14 475t05.5 80 S0IC-8
Low-Voltage Op Amps
Typ Is/ Total Specified Max Vgs Max Igjag Over Typ (e
Product ID Channel (pA) Supply Range (V) (mV) Temperature CMVR (V) (MHz) Packaging
LMV651 110 27t055 1 80 nA (typ) 0to 4.0 12 SC70-5, TSSOP-14
LMV791 1150/0.14 181055 1.35 100 pA -0.3t0 4.0 17 TS0T23-6, MSOP-10
LMV796 1150 18t055 1.35 100 pA -0.3t0 4.0 17 S0T23-5, MSOP-8
LMV716 1600 27t05.0 5 130 pA -0.3t0 2.2 5 MSOP-8
LPV531 425 27t05.5 45 10 pA -0.3t03.8 46 TS0T23-6
ADCs for Single-Channel Applications
#of | Pin/Function | Throughput Max Power Max INL | Min SINAD
Product ID Res | Inputs | Compatible | Rate (kSPS) | Input Type 5V/3V (mW) Supply (V) | (LBS) (dB) Packaging
ADC1218101 12 1 500 to 1000 | Single ended | 16/4.5 2.7105.25 *1.1 70 S0T23-6, LLP-6
ADC121S051 12 1 200 to 500 Single ended | 15.8/4.7 2.71t05.25 £1.0 703 S0T23-6, LLP-6
ADC121S021 12 1 50 to 200 Single ended | 14.7/4.3 2710525 +1.0 70 S0T23-6, LLP-6
ADC101S101 10 1 500 to 1000 | Single ended | 16/4.5 2.71t05.25 0.7 61 S0T23-6
ADC101S051 10 1 200 to 500 Single ended | 13.7/4.3 2710525 0.7 60.8 S0T23-6
ADC101S021 10 1 50 to 200 Single ended | 12.6/4 27t05.25 +0.6 60.7 S0T23-6
ADC081S101 8 1 500 to 1000 | Single ended | 16/4.5 2710525 +0.3 49 S0T23-6
ADC081S051 8 1 200 to 500 Single ended | 12.6/3.6 2.71t05.25 +0.3 49 S0T23-6
ADC081S021 8 1 50 to 200 Single ended | 11.6/3.24 2710525 +0.3 49 S0T23-6
ADC121S625* 12 1 50 to 200 Differential 28 45t05.5 +1.0 68.5 MSO0P-8
ADC1218705* 12 1 500 to 1000 | Differential 16.5 45t05.5 +.95 69.5 MSO0P-8

*Differential input, 200 to 500 kSPS thruput rate forthcoming

O
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Low-Voltage Current Loop Transmitter

An offset voltage of 1 mV in Al will cause an error
of about 2.5% in Ips:

0.001V
0.040V

EQ5 x100=2.5%

Because the ratio of Ig; to Ir3 is 1000 to 1, an error
of 2.5% in I3 results in a 0.0025% error in the
loop current.

The voltage supply requirements for the compo-
nents in transmitter must be evaluated in order to
determine the minimum operating voltage
required by the transmitter. For this example, a
full-scale sensor input signal of 1.6V is used and
results in a 10 mA per volt scale factor:

EQ6

I, MAX — [ MIN 20 mA-4mA 16 mA

= = =10mA/V
ViWMAX -V yMIN 1.6V -0V 1.6V

The minimum voltage required for the transmit-
ter (V3 — V1) is the highest voltage requirement
of the two paths from V3 to V1. Path one is from
V3 to Q1 and R2 to V1. At the maximum loop
current of 20 mA, the voltage drop across R2 is
0.2V (V2) and a collector emitter voltage of about
0.5V to stay out of saturation is a total of 0.7V.
The second path is V2 plus the output voltage of
the voltage regulator and its dropout voltage. The
full-scale sensor input signal of 1.6V requires
about a 1.65V output from the regulator and the
dropout voltage of the voltage regulator is less
then 50 mV. The path has a minimum voltage
requirement of 1.9V (0.2 + 1.65 + 0.05). Note
that the minimum operating voltage of the
LMV951 is 0.9V so the minimum transmitter
voltage could be reduced to about 1.3V by
increasing the scale factor to 18 mA per volt. This
is supported by the voltage regulator, VR, which
can be adjusted down to 1.25V, and with a drop
out voltage of 50 mV, the loop transmitter can
work down to 1.3V. The current loop transmitter
functions by summing three signals: the loop
current (R3), the offset current (R4), and the
sensor (R5).

The loop current generates a voltage drop across
resistor R2 such that V1 is negative with respect to

V2 and then fed back through R3.
EQ7 Vi=V2-R2(l;)

The 4 to 20 mA current loop uses the offset current
level of 4 mA to represent zero signal input. This is
used as an open loop fault condition since zero
current is a broken wire, transmitter failure, or
another fault. The resistor R4 is connected to the
output of the adjustable low drop-out voltage
regulator to create the 4 mA offset current. Resistor
R4, at 402 k€, sets approximately a 4 mA offset
current when the output of the voltage regulator is
1.65V. The variable resistor R6 is used to set the
loop current to 4 mA when the input signal is at
zero volts. This adjustment compensates for error in
the voltage regulator’s output and resistor tolerance
in R4, R5, and R7. The offset can be calibrated to
4 mA by measuring the voltage across Rr and
adjusting RG until the voltage across Ry is equal to
0.04V. The value of resistor R4 can be calculated
for other supply voltages by equating the voltages
at the amplifier’s input pins and rearranging to
solve for R4:

EQ8 H4=M_,q3
R2 x Ipy

The resistor R5 is used to scale the signal input
voltage to the 16 mA span of the loop current, and
in this example, it is assumed the input signal span
is 1.6V. The equation for calculating R5 can be
developed by equating the voltages at the amplifi-
er’s input pins and rearranging to solve for R5.
VIN is the maximum signal input, 1.6V for this
example, and IRy is the change in output current,

16mA:
_ R3xVin
R2 x Igy

EQ9 R5

This equation also indicates that changing the
value of R5 can change the full-scale input voltage.
A low resistance variable resistor could be used in



series with R5 to add a full-scale calibration as
shown in the following schematic (Figure 3).

R5 RS
ViN 95K 10K

; L

10 KQ

Figure 3. Input Calibration

In this example, a silicon temperature sensor is
used as a signal source. The LM94022 is a low
voltage, programmable gain temperature sensor
that can be used to measure temperature from
—50°C to 150°C. The schematic in Figure 2 shows
the LM94022’ gain select pins connected to
ground, or the lowest gain. With this gain, the sen-
sor’s output ranges from 1.299V for a temperature
of —=50° C to 0.183V for a temperature of 150°C.

As shown in Figure 1, the current loop transmitter
accounts for only part of the voltage drop in the
loop. The current loop receiver frequently uses a
resistor, RR in Figure 1, to generate a voltage drop
that is used to measure the loop current. The
measurement of the voltage across RR can present
some problems such as high common mode
voltages, due to the loop power supply, as well as
induced voltages from the
To overcome these measurement problems a
differential amplifier, such as the LMP8270, can be
used. The LMP8270 is a high common mode
voltage differential amplifier with a fixed gain
of 20. The gain of 20 also reduces the resistance of
Rg, which reduces the loop voltage drop.

environment.

Referring to Figure 2, the voltage across resistor Rp
is recovered from whatever common mode voltage
exists on the current loop, up to 28V, and is
amplified and drives the input to an Analog-to-
Digital Converter (ADC). Internal to the
LMP8270 is a differential amplifier with a gain of
10 followed by an amplifier with a gain of two. The
internal connection between the two amplifiers is

signalpath.national.com/designer

brought out to pins 3 and 4. Also internal to the
LMP8270 is a 100 kQ resistor in series with
the output of the first amplifier. A low pass filter is
easily implemented by connecting a capacitor from

pins 3 and 4 to ground.

Figure 2 shows a 4.096V reference being used
by the ADC, representing the full-scale input. The
differential input voltage to the LMP8270 for a
4.096V output is 4.096/20 = 0.2048V. The value
of RR for a voltage drop of 0.2048V at a current of
20 mA is 0.2048/20 = 10.24Q. A 10Q resistor is
used because it is a standard precision value. The
result is an output voltage from A2 of 0.8V to 4.0V
for a loop current of 4 mA to 20 mA.

The current loop transmitter was calibrated using
the end points, 0V and 1.6V, as the input voltages
while measuring the voltage across the Ry resistor.
With 0.0V applied to the input the resistor R6 is
adjusted until 40 mV is across Rr. With 1.6V on
the input, resistor R8, see Figure 3, is adjusted until
200 mV is across RR. Figure 4 is the measured
transfer function using a calibrated voltage source.
The worst case deviation from a straight line was
-8 pA, which is not observable on the graph in
Figure 4.

Input Voltage (V)

4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20

Output Current (mA)

Figure 4. Output Current vs Input Voltage

In summary, by using a selection of components
that function with very low supply voltages a
current loop transmitter can be designed that
operates with as little as 1.3V.

View over 50 design seminars by industry experts. Log onto
www.national.com/onlineseminars
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WEBENCH?® Signal Path Designer® Tools

B WEBENCH Design, simulate, and optimize amplifier circuits in this FREE online
design and prototyping environment allowing you to:

® Synthesize an anti-alias filter
® Select the best amplifier/ADC combo for your system specs
® Make trade-offs based on SNR, SFDR, supply voltage
® Simulate real-world operating conditions using SPICE
® Receive samples in 24 hours
webench.national.com

WaveVision 4.1 Evaluation Board

Test and evaluate A/D converters with National's easy-to use
WaveVision 4.1 evaluation board. Each evaluation board comes
complete with USB cable and support software.

Features and benefits:

* Plug-n-play ADC evaluation board
* USB 2.0 interface to PC

* PC-based data capture
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INNOVATIONS & INNOVATORS

Software tests compliance
with eight popular protocols

LeCroy

(TR T T T

Tast completed succassfully,

-

This screen, obtained in a test of SATA-transmitted-signal out-of-
band response, is typical of graphical results available from the
QualiPHY compliance-test package.

software serial-data-compliance-test application, works

with any of the company’s 2-GHz or higher bandwidth
real-time or sampling digital oscilloscopes and protocol ana-
lyzers. Targeting high-speed protocols, such as SATA (Serial
Advanced Technology Attachment), FB-DIMM (fully buffered
dual-inline-memory module), UWB (ultrawideband), Ethernet,
USB, PCI Express, SAS (serial-attached small-computer-sys-
tems interface), and HDMI (high-definition-multimedia inter-
face), the package provides digital- and analog-hardware engi-
neers with an automated compliance-test tool for developing
and validating devices' PHY (physical) layers in accordance with
documents that the applicable standards organizations and spe-
cial-interest groups have published.

QualiPHY features an intuitive graphical user interface that
supports the industry’'s most popular serial-data standards and is
common among them, eliminating the need for developers to learn
new software for each project. Moreover, the expandable, modular
architecture allows easy addition of support for more standards
and suits the package to testing in such industry segments as

| eCroy Corp's Windows-based QualiPHY, a hardware and

EDITED BY FRAN GRANVILLE

S5C

computers and computer equipment, wireless and mobile mul-
tiservice (voice/data) products and systems, cable and IPTV
(Internet Protocol-television) set-top boxes, and vending and gam-
ing machines. The package’s developers also had today's global-
design environment in mind. A development team can conduct
tests anywhere in the world through the supported scopes’ IEEE
488 or LAN/WAN (local/wide-area-network) connections, which
permit live access to signals from scopes in remote locations.

By incorporating an application framework that enables users
to save every experimental result to an XML (Extensible Markup
Language)-formatted record, the product goes beyond mere
reporting and tabulating of test results. The software offers a
choice of automatic HTML (Hypertext Markup Language), PDF
(portable-document-format), or RTF (rich-text-format) report gen-
eration. The reports contain tabulated numerical values for each
test. This approach benefits IC developers, who require compre-
hensive wafer and die characterization to define parametric per-
formance and establish device-performance capability; system-
level-validation teams that work in parallel development cycles and
must combine, study, and interpret performance data and corre-
late test results with earlier runs; and manufacturing and produc-
tion tests, which use control charts and other performance indica-
tors to monitor key parameters.

QualiPHY prices range from $2995 each for versions that sup-
port USB and Ethernet to $6995 for a version that supports UWB.
All versions accommodate modules that add support for more
standards. —by Dan Strassberg

LeCroy Corp, www.lecroy.com.

—Chris Woolpert, in EDN’s Feedback Loop at www.edn.com/
article/CA6399099. Add your comments.

JANUARY 18, 2007 |
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Low-cost, high-1/0-count
FPGAs target display market

ets in the market for low-

cost, high-volume video dis-
plays, Xilinx has released an
|/0-heavy version of its 90-
nm Spartan-3 FPGAs. Before
this release, Xilinx introduced a
high-gate- and high-pin-count
version of the device, the Spar-
tan-3. The company then fol-
lowed it up with a logic-heavy
version, Spartan-3E. Now, the
company is introducing its
high-1/0-count Spartan-3A
devices, targeting [/O-inten-
sive applications, most nota-
bly, the emerging video-display
market in mainland China.

Mark Moran, senior stra-
tegic-marketing manager for
the general-products division
at Xilinx, says that the new 3A
devices excel as bridging func-
tions, in differential signaling,
and as memory interfaces. Mo-
ran notes that, in many of to-
day’s applications, companies
create one giant ASIC device
for several product derivatives
and then add functions and
support to FPGAs in combina-
tion with the ASICs for new or
emerging interfaces. Doing so
allows users to keep the same
footprint on a pc board but cre-
ate derivatives or initiate field
upgrades as needed.

To serve the bridging func-
tion, the 3A supports the most
popular 170 standards, includ-

| n an attempt to nab sock-

ing PCI (Peripheral Compo-
nent Interconnect), PCle (PCI
Express), USB, CAN (control-
ler-area network), SPI, and |2C.
To aid in differential signaling
in displays, Xilinx has ensured
that the device complies with
both TMDS (transition-mini-
mized differential signaling)
and PPDS (point-to-point dif-
ferential signaling). To help the
larger chips adapt to the ever-
growing and -changing memo-
ry world, Xilinx has added inter-
faces for DDR and DDR2.
Spartan-3A devices include
two hibernate modes: one for
40% static-power reduction
and one for 99% static-power
reduction. Both modes have a
wake-up time of less than 100
msec. The Spartan-3A also in-
cludes “device DNA" to help
companies protect the designs
they implement on FPGAs from
piracy or cloning. “Device DNA
is a unique serial number within
each FPGA! says Moran. “We
program it in at manufacturing
time. Then, we allow the users
to determine what authentica-
tion mechanism they want to
use! Users can choose from
several types of encryption
mechanisms. They can change
the authentication encryption at
any time and even in the field.
“You can change it from design
model to design model, so, if
you are concerned about clon-

ing, you can change it however
and whenever you want to,” Mo-
ran says. “Because it is incorpo-
rated in the design, you can fix
it, so when the design does not
authenticate, you can stop the
system from functioning by tell-
ing the system to turn off one
or several global controls in the
FPGA. If there is one thing FP-
GAs are not short on, it is global
control”

You can also configure the
authentication circuitry. “You
can, for example, allow a con-
tract manufacturer to access
the full chip for test purposes
for, say, eight minutes—enough
time to test the chip in the
context of the system but not
enough time to copy the de-
sign,” says Moran. “Now, you
have the ability to stop cloning,
reverse-engineering, and over-
building”’

Xilinx expects full production
of the 700,000-system-gate
XC3S700A and the 1.4 mil-
lion-system-gate XC3S1400A
to begin in the first quarter of
this year. The company plans to
have the rest of its Spartan-3As
in production by the second
quarter of this year. The compa-
ny also plans to offer 50,000-,
200,000-, and 400,000-gate
versions. Prices for the XC-
3S700A and XC3S1400A de-
vices are $11.95 and $16.95
(250,000), respectively. Start-
er kits are available now for
$199.

—by Michael Santarini
= Xilinx, www.xilinx.com.
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DATA-ACQUISITION
MODULE FEATURES
USBINTERFACE

Targeting test, security, and
industrial-control applica-
tions, Sealevel Systems re-
cently announced the first
in a family of USB-com-
patible data-acquisition
and -control modules. The
SeaDAC MI0-26 includes
16 single-ended or eight
differential, 12-bit analog
inputs; two 12-bit DAC
outputs; eight optically
isolated digital inputs; and
eight open-collector digital
outputs. You can inde-
pendently software-select
each ADC input-voltage
range and configure the
device for measuring a 0-
to 20-mA current loop.

The ADC channels fea-
ture 5-MHz bandwidth
track/hold and 100k-
sample/sec throughput.
The module’s DAC chan-
nels are independently
jumper-selectable for a 0
to 5 or a 0 to 10V output
range. The digital inputs
are 5 to 30V dc, and the
open-collector outputs are
suitable for switching the
24V devices you commonly
find in industrial-control
applications.

The SeaDAC MIO-26’s
standard operating-tem-
perature range is 0 to
70°C, and an extended-
temperature range of —40
to +85°C is optional. Ap-
plication software can
use the vendor's SeaMax
library or industry-standard
Modbus protocol. The
module comes with diag-
nostic utilities and sample
programs. Prices for the
SeaDAC MI0O-26 start at
$479 (small volumes), and
it is now available.

—by Warren Webb

Sealevel Systems Inc,
www.sealevel.com.




First Triple Video Amp

Integrates HV Sync, Filters and I°C Control

» Applications

- Projectors

: Safe = 4
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— Professional video systems

— Set-top boxes

Mode O - DLP® projectors/televisions
Select

Video

Input B » Features

- 3 video amplifiers for CVBS,
S-video, EDTV, HDTV and
RGB

— HV sync paths with

9/16/35/75MHz/Bypass

H/V Sync m’::tor adjustable Schmitt Trigger
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IS Output - 2:1 input MUX

H/V Sync
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Trigger utput — Integrated low-pass filters
on ADC buffer path
— Selectable input bias modes
— Monitor pass-through
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- 500MHz bandwidth and
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The THS7327 from Texas Instruments integrates three analog video channels and two digital
channels for HV sync, greatly simplifying system design and reducing component count. The - 6dB gain with SAG
three analog channels incorporate unity gain buffering and monitor feed-through paths to poigstion

handle all standard video formats, including RGB, YPbPr and CVBS. Designers gain flexibility — Pricing: $3.35 in 1k units
with the amplifier’s I2C-programmable functions including: integrated 2:1 input multiplexers

which enable switching of multiple video sources; fifth-order antialiasing filters to enable use

with multiple video standards; and input bias modes.

For Samples, Evaluation
Modules and Technical .
Information

www.ti.com/THS7327 © 800.477.8924, ext. 13477
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IEEE 802.11n wireless-LAN market remains |

In conflict as draft-n battle looms

oes the IEEE 802.11n
wireless-LAN spec
even matter? Yes, we

could use faster wireless-
LAN technology and better
range. The speed mainly mat-
ters for video delivery, although
a higher maximum bandwidth
also means that an access
point can support more users.
In reality, however, the Wi-Fi
community has settled into a
comfort zone in which 802.11g
will be the de facto technol-
ogy standard for a long time.
Backward compatibility with
that standard may be more
important than “draft compat-
ibility” with the next standard.
Nonetheless, chip vendors,
including relatively unknown
Ralink (www.ralinktech.com),
have been relentlessly push-
ing new draft-n chips, and
new end products will almost
surely have arrived at the CES

(Consumer Electronics Show,
Www.cesweb.org), which took
place in mid-January in Las
Vegas.

Ralink claims that its new
RT2800 chip set will offer
the industry’s longest range
yet. To date, the company has
had success primarily in value-
priced products as opposed to
atthe premium end of the price
range in which vendors push
range and speed advantages.
The company can't explicitly
describe the design elements
that enable the range, so we'll
again wait for end products to
see how they fare. The com-
pany does appear to have a
size advantage in that its chip
set, with all the necessary
antennas for both frequency
bands that 802.11n products
require, can fit into a typical
USB-style Wi-Fi package.

In other recent activity,

Metalink (www.metalinkbb.
com) revealed the second gen-
eration of its WLANPlus fam-
ily, which also claims draft-n
compatibility. Metalink targets
consumer-electronics applica-
tions with claims that the prod-
uct can carry HDTV streams.
Marvell (www.marvell.com),
meanwhile, announced that
Gateway (www.gateway.com)
would begin shipping PCs
based on the draft-n Marvell
TopDog chip.

But does draft-n status
carry any credibility? With the
802.1 1nstandard development
stretching years beyond what it
should have, the Wi-Fi Alliance
(wwwwi-fiorg) has announced
plans for draft-n compliance
testing, but that testing won't
start until the second quarter
of 2007, when, with any luck,
the 2.0 draft of the 802.11n
standard will achieve more

success at the ballot box. And
one company, Airgo Networks
(www.airgonetworks.com), has
just announced its fourth-gen-
eration MIMO (multiple-input
multiple-output) chip with the
claim of draft 2.0 compatibility,
despite the work that the stan-
dards body still needs to do.
The bigger news from Airgo,
however, is that Qualcomm
(www.qualcomm.com) recently
acquired the MIMO pioneer.
As noted on a recent EDN
blog post, Qualcomm has in
the past aggressively pro-
tected and profited from its
IP (intellectual-property) port-
folio, including CDMA (code-
division-multiple-access) tech-
nology for mobile phones.
Airgo’s MIMO IP could receive
the same attention (www.edn.
com/blog/150000015/post/
1860005786.html). At least
one other Wi-FI pundit, Wi-Fi
Net News (http://wifinetnews.
com/archives/007182.html),
had the same thought.
—by Maury Wright

PRACTICAL BOOKHELPS DEVELOPERS APPLY USB-INTERFACED MASS-STORAGE DEVICES

In technical writing, clarity is the name of the game. As
someone who writes technical prose, | greatly admire Jan
Axelson; she knows better than almost anybody else how
to write clearly and how to explain complex technical is-
sues so that her audience can understand them with mini-
mal frustration. She has written many books on embed-
ded-system topics, including USB Complete Third Edition
(ISBN13 978-1-931448-02-4). Like her earlier books, her
latest, USB Mass Storage: Designing and Programming
Devices and Embedded Hosts (ISBN: 1-931448-04-3),
aims at a person with a full plate of devel-
opment work and looming deadlines who
needs examples of practical ways to solve
real and common problems.

The $29.95, 287-pg paperback is a guide
to designing and programming devices that
implement storage functions, including
devices that transfer data through the USB
interface. Storage devices include drives
of all types, as well as many cameras, data
loggers, and other devices that perform
dedicated functions. Using flash memory
and other current technologies, even the
smallest devices can store lots of data. The

book shows how to choose storage media, how to in-
terface the media to a microcontroller or another CPU,
and how to write device firmware to access the media
and use USB to transfer data to and from storage. A
comparison of media types helps in selecting media
for a project. The media that Axelson considers include
hard drives and flash-memory cards, such as the MMC
(MultiMediaCard), SD (Secure Digital) Card, and CF
(CompactFlash) cards. You will also learn what'’s in-
volved in developing an embedded host that accesses
off-the-shelf USB drives.

Covered protocols include the bulk-only transport
protocol for the USB mass-storage class, SCSI (small-
computer-system-interface) commands that USB
mass-storage devices support, the MMC commands
and SPI (serial-peripheral-interface) protocol that
MMCs and SD Cards support, and FAT (file-allocation-
table) systems for accessing files and directories. Code
examples show how to implement the protocols. To
complement the book, Axelson maintains a Web page
(www.lvr.com/mass_storage.htm) with links to articles,
program code, and other areas of interest to USB
mass-storage developers. —by Dan Strassberg

Lakeview Research LLC, www.lvr.com.

USB

USB Mass
Storage is a
practical guide
to applying
storage devices
that interface
using the ubig-
uitous bus.
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POWER MANAGEMENT

Safer, Faster, Cooler Charging

1-A Single-Chip Li-lon Charger with Thermal Regulation

Li-lon or Li-Pal
Battery Pack
Input Power

1
4.TuF

Programmable Timer
and Charge Status

Temperature Sensing and
Input Power Status

Thermal Regulation

Original size:
3x3 mm2 QFN-10

The new bq24060 highly integrated Li-lon and Li-Pol linear charger IC from
Texas Instruments is ideal for space-limited portable applications. It offers a
variety of thermal regulation and safety features, including over-voltage
protection. Additionally, the bg24060 can be configured in LDO mode to power
the system when the battery is absent.

TI Battery Charging IC Solutions:

Linear Chargers

Input Charge Charge
Device Li-lon Voltage (V) Current (A) Termination Package
bq24080 1-Cell 45-65 1 Min,Current o
bg24060 1-Cell 35-165 1 am‘}\(i“%i;‘ér s
b24030 1-Cell 435-16 15 S s

Switch-Mode Chargers

Input Charge Charge
Voltage (V) Current (A)

Device Li-lon Termination Package
Min. Current
bq24105 1-,2-, 3-Cell 4.35-16 2 and Adj. Timer %EF’,\X,%’
or Host Controlled
bq24721 3. 4Cell 0-24 7 Host Controlled 5x5

through SMBus QFN-32

» Applications

— Smartphones, PDAs
— Bluetooth headsets
— MP3 players

— Digital cameras

— Handheld devices

» Features

- Over-voltage protection
— Thermal regulation
— LDO mode operation

— Integrated charge FET,
reverse leakage protection
and current sensor

— Price: $1.20 in 1k units

e et et ity

Power Management
Selection Guide
Datasheets, Samples
and Evaluation Modules

www.ti.com/battman © 800.477.8924, ext. 3491
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Model-based DFM platform emerges

= DA start-up Clear
=== Shape Technologies,
e the worst-kept secret
in the DFM (design-for-man-
ufacturing) market, in Novem-
ber formally announced it-
self and its two DFM tools. In
2003, industry veterans Atul
Sharan, Yao-Ting Wang, and
Fang-Cheng Chang, respec-
tively chief executive officer,
chief technology officer, and
vice president of engineering,
founded the company with the
idea that advanced process
technologies at 65-nm and
smaller processes will require
model-based physical verifica-
tion, not just rule-based DRC
(design-rule checking). “We've
been around for three years
now and haven't announced
ourselves until now because
DFM requires complex en-
gagements,” Sharan says.
“You have to get validated in
the fabs and create a tool that
is production-ready.’

Indeed, the three largest
fabless companies offering
65-nm technologies—TSMC
(Taiwan Semiconductor Manu-
facturing Co, www.tsmc.com);
UMC (United Microelectron-
ics Corp, www.umc.com); and
the common process alliance
of Chartered Semiconduc-
tor (www.charteredsemi.com),
IBM (www.ibm.com), and Sam-
sung (www.samsung.com)
have endorsed Clear Shape's
tools. Qualcomm (www.qual-
comm.com), NEC (www.necel.
com), and an unnamed com-
pany are currently using the
tools. The unnamed entity is
likely ATl (www.ati.amd.com),
which Clear Shape quotes in
its press materials.

Sharan says that, although
most vendors offering DFM
tools claim that IC design-
ers are using their tools, most

| JANUARY 18, 2007

tools find use with mask-
data-prep engineers, mask
makers, or the foundries
themselves. Sharan notes
that many of the “DFM com-
panies” that Synopsys (www.
synopsys.com), Cadence
(www.cadence.com), and
Mentor (www.mentor.com) ac-
quired last year fix OPC (op-
tical-proximity-correction) and
PSM (phase-shift-mask) tools
in the mask-making process.
Clear Shape’s tools, accord-
ing to Sharan, are true DFM
tools, because they bring pro-
cess models of lithography,
RET (resolution-enhance-
ment technology), OPC, CMP
(chemical-mechanical polish-
ing), mask, etch, interconnect
parasitics, and transistor mod-
eling to physical design and
verification to help IC design-
ers ensure that the fab they
are targeting can manufac-
ture their designs.

Clear Shape based its tools
on a patent-pending, model-
based, nonlinear optical-
transformation algorithm. “We
give the designer the ability to
go from ideal GDSII [Graph-
ic Design System I] to ac-
tual predictive-silicon-based
design,” Sharan says. “We've
created a platform to essen-
tially manage all aspects of
variability as they effect de-
sign. The primary causes of
variability arise from the tech-
nology or process issues from
the process side!” He says
that designers must compre-
hend those issues and then
account for those for variabil-
ity on every axis: timing, leak-
age power, signal integrity,
and catastrophic failures.

The Clear Shape platform
currently includes the OutPer-
form and InShape tools. Cell,
IP (intellectual-property), cus-

tom-analog, and cell-based
digital designers can use
OutPerform during physical
design. Cell-based-chip de-
signers input their DEF (Da-
ta Exchange Format), SPEF
(Standard Parasitic Exchange
Format), library information,
and fab-DFM technology files
into OutPerform. The tool then
identifies timing- and leakage-
parametric hot spots for viola-
tions due to systematic varia-
tions. The tool also calculates
the change in delay and timing
skew based on the in-context
shape variations and provides
delay variations back to stat-
ic-timing-analysis tools in the
form of an incremental SDF
(Standard Delay Format).

For custom and analog flows,
users feed the tool a Spice
netlist and Spice models. The
tool then predicts current den-
sity across channels, extract-
ing transistor parameters for
transistors from the embedded
InShape-model-based silicon-
contour-prediction engine. The
tool then produces a back-an-
notated-transistor-Spice netlist
and applies the changes in RC
data to the designer’s existing
DSPF (Detailed Standard Par-
asitic Format) or SPEF file to
represent the true effects of
in-context silicon-shape vari-
ations without creating new
nodes or parasitic elements.
Designers can then simulate
the back-annotated-transistor-
Spice netlist with their Spice
simulators to check the effect
of variations on their designs
and detect potential failures
before going to silicon.

InShape s, in effect, a full-
chip DRC/LVS (layout-ver-
sus-schematic) checker, which
catches the problems that
rules-based tools can't, accord-
ing to Clear Shape. Whereas

DRC and LVS tools confirm
that a design conforms to an
ever-growing set of foundry
rules for a given process, In-
Shape checks each layer of a
design to ensure that elements
conform to actual fab-process
models.

Rules-based engines apply
an ever-growing list of rules
across an entire design and
do not account for in-context
or situational issues that may
impact every design, says the
company's vice president of
marketing, Nitin Deo. “In the
absence of knowing what the
design is going to look like,
you can have a design that is
DRC-clean, but what you get
is silicon that encounters cata-
strophic failures and paramet-
ric failures;’ Sharan says.

During physical verifica-
tion, designers use InShape to
scan their entire design—both
device and interconnect—to
identify structures that will
later cause problems in RET,
OPC, mask, etch, and lithog-
raphy. The tool then automati-
cally generates a set of “fixing
guidelines” that designers can
use to implement changes in
third-party place-and-route
tools. The tool can also pro-
duce a critical dimension re-
port that designers can feed
into OutPerform.

Sharan stresses that the tool
doesn't create rigid guidelines;
rather, it produces a DFM-hot-
spot list and ranks issues—
opens and shorts, contact cov-
erage, gate variability, and line-
end pullback in the designers’
original layout—by type and crit-
icality. Designers can also use
the tool's contour-prediction
features to do what-if analysis.
Prices for OutPerform and In-
Shape start at $300,000 each
per master license per year.

—by Michael Santarini

Clear Shape Technolo-

gies, www.clearshape.com.



16-bit touch controller for the best user experience.
In data conversion, analog is everywhere.

16-bit capacitance conversion

16-bit >-A CDC ...

* <1 femtofarad resolution
e Full power mode: <1 mA

* Low power mode: 50 p.A
o Shutdown current: <2 pA
e Supply voltage: 2.6 Vto 3.6 V

¢ Automatic environmental calibration

» Automatic adaptive sensitivity

¢ SPI® or 1?C® interface

e 32-lead 5 mm x 5 mm LFCSP
e Price: $1.65 (1k quantities)

... enabling multiple applications

e Consumer electronics

* Medical instrumentation
* Automotive applications

e |ndustrial equipment
¢ PC peripherals

CDC OUTPUT CODES

14 INPUT CHANNELS

AD7142

CALIBRATION
ENGINE

SPI/I*C
INTERFACE

With 14 inputs, the AD7142 can be programmed for a variety of navigation
functions including buttons, sliders, scroll wheels, and joypads.

@ analog is everywhere:

+ t
CHANGING ENVIRONMENTAL CONDITIONS

Improved sensitivity and environmental
calibration—made possible by 3-A conversion

For products with increasing feature convergence, finger-driven
navigation enhances the user experience—for designers as well
as consumers. The AD7142 capacitance-to-digital converter (CDC)
with on-chip environmental compensation delivers unmatched
touch control performance. It offers:

 Reliable performance over supply and temperature

¢ Programmable functionality and touch sensitivity

¢ 50% lower power than competitive solutions

» Development tools, such as reference designs and
host software, that reduce time to market

ADI also offers CDG solutions for measuring proximity, position,
level, pressure, and humidity.

New online seminar:
View the “Innovative Human Interface Design Techniques Using
CDCs” seminar at www.analog.com/onlineseminar-CDC.

ANALOG
www.analog.com/touchcontrol DEVICES
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Cherokee International:
Where in the world are
design and manufacturing?

hen electronic-hardware companies perform re-
search on where to build manufacturing facilities,
they must consider more than just which country
has the cheapest labor rates. In this brave new
world of electronics design and manufacturing,
concerns such as a country’s technology, supply-chain infrastruc-
ture, point of consumption, and flexibility are equally important.
Cherokee International (www.cherokeepwr.com), a vendor of
ac/dc- and dc/dc-power supplies, is no neophyte to offshore
manufacturing: With its headquarters in Tustin, CA, Cherokee has
design centers and manufacturing throughout the world. Tustin,
CA, and Wavre, Belgium, are design centers and manufacturing
locations for high-volume, low-mix quantities. Cherokee's Gua-
dalajara, Mexico, facility has in the past handled the company's
higher volume products, and its facility in Bombay, India, has long
manufactured its magnetic components. Recently, Cherokee un-
derwent a re-evaluation of its operations, so it performed a global
analysis of where to locate its next generation of manufacturing
and design. At first glance, Mexico seemed the logical place to ex-
pand design and manufacturing. However, considering proximity
to the customer, the opportunity to call on the Asian market, and
other factors, Cherokee decided to build in Shanghai, China. EDN
asked Mike Wagner, vice president of marketing and an electrical
engineer who started out as a power-supply designer, what led to
Cherokee’s change of manufacturing strategy.

32 EDN

Why did you look at moving
manufacturing from Mexico?
Aren’t Mexico’s labor rates
among the lowest in the
world?

Yes, Mexico has low la-

bor rates—not the low-
est—but there are other im-
portant factors to consider,
and Mexico just didn't come
up on top when we factored
in the other aspects.

| JANUARY 18, 2007

So, if labor rates alone
weren’t the determining fac-
tor, what were the other key
influencers? They must have
been significant, because
you already had an operat-
ing facility in Mexico.

In addition to point of

consumption and sup-
ply-chain location as two
main issues, we also made a
consideration for finding en-

i

gineering talent that could
support a future design cen-
ter. Also, more North Ameri-
can and European custom-
ers today are doing their sys-
tem integration for their end
products in China. Finally, we
expect to call on the Asian
market, which is growing
considerably. We believe that
Asia will become a signifi-
cant consumer of our power
supplies.

Was China a slam dunk rela-
tive to labor rates, then?
Actually, no, because
China’s labor is not the
lowest priced. For example,
India has marginally lower
labor rates.

Why not build in India, which
has a famously excellent
engineering-education sys-
tem, and, besides, you had
some infrastructure there
already?

Analog ex-

pertise is the
key. ... China
is a self-con-
tained system
of engineering,
parts, labor,
and custfomers.

Yes, but India’s edu-

cational strength is
more known for software
engineering rather than ana-
log engineering. China has
a much stronger power-en-
gineering educational sys-
tem, and analog expertise is
the key. Plus, we don't see
India’s being nearly as robust
a customer in the future for
power-supply —consumption.
India also doesn't really have
an electronics-supply chain.
So, if we were to manufac-
ture power supplies in India,
we would have had to pay to
ship materials from China to
India for manufacturing, and
then we'd have to pay added
freight and duty to ship the
finished product back to the
end customer in China. China
is a self-contained system of
engineering, parts, labor, and
customers.

Building a facility is always
a gamble. Why didn’t you go
with CM (contract manufac-
turing) and sort of ease into
manufacturing there?

We've avoided CM be-

cause we feel that we
can better control our qual-
ity by having common pro-
cesses, equipment, and train-
ing across all our facilities.
That way, we own the en-
tire manufacturing process
and do not depend on a CM
whose schedule is fluctuat-
ing and subject to other cus-
tomers the CM supports.

How do US engineering
costs compare?

Chinese engineers cost

about a third of US en-
gineers, but the higher priced
US engineers also have high-
er level skills sets, at least for
now. —by Margery Conner
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Isolation and innovation in one package.
With iCoupler technology, analog is everywhere.

isoPower™ Technology

ADuM524x family

50 mW isolated, regulated power
Two data channels

2.5 kV data isolation

Starting at $2.95

Converters

* AD740x family

* Industry-leading converters with
integrated isolation

* 16-bit, 10 MSPS, 3.75 kV isolation

* Starting at $4.00

Gate Drivers

* ADuM1230

* Dual gate driver, 100 mA drive,
2.5 kV isolation

* High side isolated from low side

* Starting at $1.85

Communications

* ADuM125x and ADM24xx families

* True bidirectional isolation for [2C®
up to 1 Mbps

* |solated RS-485 up to 20 Mbps

e 2.5KkV to 5 kV isolation

« Starting at $3.05

analog is everywhere.

ISOLATED TRANSFORMER COILS

Single and Multichannel Isolators

* ADuM1100, ADuM120x, ADuM130x, ADuM131x, ADuM140x, ADuM141x
« Single, dual, triple, and quad channel

* 2.5kV to 5 kV isolation

* Up to 100 Mbps

* Starting at $0.55 per channel

iCoupler: over 75 million isolated channels

Unlike common optocoupler isolation techniques, iCoupler®

combines chip scale transformer technology with analog and
mixed-signal circuits for significant system level integration,

cost savings, and functional advantages.

These include:

« Standard isolators that offer faster data rates, greater reliability,
and up to 70% savings in board space and cost

» New functionality including bidirectional data paths,
combined signal and power isolation, and isolation integrated
with data converters, 1°C, RS-485, and gate driver circuits

See why engineers have chosen iCoupler technology over
optocouplers to isolate more than 75 million channels.

For more information on iCoupler technology, product portfolio,
and samples, or any ADI products, please visit our website
or dial 1-800-AnalogD.

ANALOG
www.analog.com/icoupler-isolation DEVICES
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BAKER'S BEST

BY BONNIE BAKER

Comparing DAC architectures

ntry-level engineers know ADC topologies so well that dur-
ing interviews, most job seekers can draw and explain fun-
damental block diagrams. The same situation does not hold
true for DAC topologies. In this case, applicants can tell me

only the basics: Digital goes in, and analog comes out.

DACs you find in high-precision
control-loop applications typically use
the R2R (resistor ladder) MDAC (mul-
tiplying DAC, Figure 1a). This archi-
tecture can achieve high-voltage out-
put. MDAC manufacturers can design
high-resolution (16-bit) devices with
+1 LSB INL (integral-nonlinear) and
DNL (differential-nonlinear) specifica-
tions. MDAC:s require an external cur-
rent-to-voltage operational amplifier
but exhibit fast settling time (less than
0.3 psec) with a multiplying bandwidth
that can be greater than 10 MHz.

2R

LEAST-

The R2R-back DAC is most appro-
priate for industrial applications (Fig-
ure 1b). With this DAC, each update
involves switching the 2R legs to ei-
ther the voltage reference high, V
or the voltage reference low, V. .
This architecture can be relatively sim-
ple to manufacture. The R2R architec-
ture has a parallel data-input bus. For
devices with a serial interface, the mul-
tibit DAC uses a serial-to-parallel reg-
ister internally before latching the da-
ta to the DAC. In either case, gate-
switch timing skews manifest them-
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selves at the DAC’s output as glitches.
The R2R-back DAC, like the MDAC,
typically has excellent low noise, INL,
and DNL performance, with medium
settling-time capability.

The string DAC suits portable-in-
strumentation, closed-loop-servo-con-
trol, process-control, and data-acquisi-
tion systems (Figure 1c). The figure
shows a model of a 3-bit-resistor string
DAC. Here the digital-input code is
101b, which decodes to 5/8V, .. The
output-stage buffer isolates the inter-
nal resistive elements from the output
load. The string DAC is a low-power
option that guarantees monotonicity
with good DNL performance across
the input-code range. The glitch en-
ergy is typically lower than that with
other types of DACs; however, the
INL performance is sensitive to chip
layout and depends on resistive-array
matching. The noise of string DACs
is also relatively high and again de-
pends on the resistive-string-array
impedance.Epn

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

Vour

Ves

O = —- —_- — -

= LEAST- MOST-
SIGNIFICANT SIGNIFICANT
BIT BIT

()

1

1

Figure 1 Typical topologies of popular DACs include R2R-multiplying (a), R2R-back (b), and resistor-string (c) architectures.
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Find detailed product information
and datasheets online.

VISIT ALLIEDELEC.COM TODAY.
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DANIEL VASCONCELLOS

TALES FROM THE CUBE

One man’'s trash ... 4

L R

took a consulting job with a major semiconductor-equip-
ment-manufacturing company. There, I built various test
fixtures using surplus VMEbus-card cages that the com-
pany had in the warehouse. It was great to be able to get
almost the same card cage that the company was shipping
in the current product. One day, I found myself request-
ing another card cage for a new test fixture. The guy in the
warehouse told me that [ had better grab any other card cag-
es now, because they were all going to be “in the dumpster”

the following week. They needed the
space in the warehouse. I protested;
guys like me needed them for impor-
tant company projects. I suggested that [
would be interested in buying them; my
real goal was to get someone to realize
they were tossing out something useful.
[ was asked to bid on them. I didn’t want
them, so [ put in a low bid of $100.
Two weeks later, I had forgotten
about the VMEbus-card cages. Then |
got the call. A voice droned, “You are
the successful bidder on lot number
13285. You have 48 hours to get the
nine pallets out of the warehouse.” 1
felt panic, thinking, “My wife is going to

kill me. Where am I going to put these
things?” I had an addition to my house
that was framed and roofed but unfin-
ished inside. I thought that I could store
them there for a short time to keep them
out of the rain. If nothing else, I could
burn the oak pallets to heat my house.
I made a deal with my wife that I
would sell them all in six weeks or drive
them to the dump. I created a flyer that
described the item and showed the pur-
chase cost of all of the components and
included a photo. It came to $845 each,
so I set the “sale price” at $250. I found
a trade magazine that specialized in the
VMEbus. I sent a letter to every com-

pany mentioned in the magazine. It
worked. The orders started flowing in.
In fact, the only resistance to purchase
seemed to be, “Why are you selling them
s0 cheap?” Instead of telling them that
“my wife was going to kill me if I didn’t
get rid of them,” I said something like
“we are overstocked and eager to move
them out at a low price.”

Orders for one unit were followed
by orders for multiple units. I was feel-
ing much better about my “impulse
buy.” The kicker came when I got a
frantic call from a purchasing agent
from the same company from which I
had originally obtained the nine pal-
lets. One of the company’s engineers
had put in a request to purchase four
units. This request represented sweet
vindication for me; I sold him back
those four units for 10 times what [ had
paid for all nine pallets!

About two years later, [ got another
consulting assignment at the same com-
pany. The company set me up to do my
rush project development in a storage
room. One day, I asked a guy about some
items that were stacked against a wall,
how much they were worth, and why
no one was using them. That was a lot
of money sitting there! I suggested the
company assign someone to go around
and sell off these idle assets. The guy
told me a story. He had heard of a con-
sultant who had bought about 100 pal-
lets of surplus VMEbus-card cages and
sold them for about a million dollars.
[ felt my face grow warm as [ realized
that he was talking about me, but the
numbers were greatly exaggerated. I did
make approximately $20,000, but it sure
did take some work, and there was the
real risk that my wife would toss me out
to sleep with the racks. I don’t know if |
had anything to do with it, but the com-
pany finally took my advice and created
adepartment to dispose of surplus equip-
ment in a more orderly fashion.Ebn
Marty McGrath is an electronics and
software-design consultant at Mc-
Grath Technical Services (Sunny-
vale, CA). Like Marty, you can share
your Tales from the Cube and receive
$200. Contact Maury Wright at
mgwright@edn.com.
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Tiny

R8C/Tiny Brings 16-bit Performance
to 8-bit Applications

High-performance: 40MHz on-chip oscillator and single-cycle flash memory access

Renesas Technology

No.1* supplier of microcontrollers in the world

introduces the R8C/Tiny Series of microcontrollers. Its powerful 16-bit
CPU core running at 20MHz provides the performance never imagined in
8-bit MCUs. R8C/Tiny MCUs high level of integration and peripheral set
will enhance your application’s functionality while reducing the overall

system cost.

R8C/Tiny Product Roadmap

Communication

Expanded
Interfaces

Flash, Timers, Lineup,

Comparators Built-in D/A

Smaller Motor Expanded
LIN, CAN

8KB-32KB

R 5C/26,27, |
8KB-16KB

Rec/1A 1B R8C/28,29 |

4KB-16KB

*Source:Gartner Dataquest (April 2006) "2005 Worldwide Microcontroller Vendor Revenue" GJ06333

HOT Products

R8C/25

Oscillation Circuit
Main Clock
(20MHz Max.)

On-chip Oscillators
(40MHz, 125KHz2)

Oscillation Circuit
Sub Clock
(32KHz Clock)

RTC

Serial I/0
Clock Sync./ UART
(2ch)

44 GPIO

Program Flash
(16KB - 64KB) (1KB - 3KB)
Data Flash Power-0n Reset
(2KB) Circuit
Protect Register

16-bit motor
control Timer (2)

Low Voltage
Detect Circuit

Enhanced WDT

External Oscillation
Stop Detection

SSU/I2C

Hardware LIN

8-hit Timer (3)

A-D Converter
(10-bit x 12ch)

On-Chip Debug

Package: 52pin LQFP {10mm x 10mm, 0.65mm pitch)

Top Reasons To Select R8C/Tiny

¢ High-Performance
- 16-bit CPU runs at 20MHz, executing instructions in as
fast as 50nsec.
® Scalable
- Same core, same peripherals allows easy portability
from 20 to 80pins
¢ High-Integration
- Includes 40MHz on-chip oscillator, data flash, power-on
reset circuits, several 8- and 16-bit timers, up to 20
channels of A/D, D/A, LIN, CAN and more
¢ Reliable
- Oscillator stop detection circuits, access control of
system registers
- Watchdog timer with on-chip oscillator, programmable
low-voltage detect circuit
¢ World-class Development Environment
- Complete software and hardware tools for short
development cycle
- Free 64KB software tool chain

#wcu

REACH
FURTHER

Get Started Today -

Go online and register to be eligible for a FREE Starter Kit
www.america.renesas.com/ReachR8C/a

RenesasTechnology Corp.

Everywhere you imagine. g z E N ESAS




Seeking the secrets
of a satellite receiver

DIRECTV SET-TOP-BOX DESIGN FOCUSES ON
MODULARITY FOR THE MASS MARKET.

endered redundant by the acquisition of a more ad-
vanced unit, a DirecTV D11-100 satellite-set-top
box gets the Prying Eyes treatment for your voyeur-
istic enjoyment. Peer inside the svelte, silver case
to see how the box’s creators used modularity to
make a common base design amenable to multiple markets.

The multimedia-processing heart of the D11-
100 is a Broadcom BCM7312-a single-chip,
satellite-set-top-decoder IC that integrates an
RF tuner; an all-digital, variable-rate receiver
with 7-bit ADCs and an FEC (forward-error-
correction) decoder; a data-transport processor
with security capabilities; MPEG-ATSC-com-
pliant audio/video decoders; a 2-D, multilayer
graphics engine; and, coordinating the whole
show, a 266-MHz MIPS32 core.

The memory subsystem includes

a Hynix 256-Mbit DDR SDRAM

and a BGA-packaged device with
an “FW603" firmware code and
handwritten “FT” (firmware tested?)
initials on its top. Because DirecTV
set-top boxes are field-reprogram-
mable, it's likely that the BGA device
is at a minimum a single-die flash
memory. It might also be a dual-die
flash memory with redundancy to
enable a fail-safe upgrade methodol-
ogy or a combination of SRAM and
flash memory.

A clever “light pipe” routes power-on
illumination from an LED on the sys-
tem board to the front panel. Modu-
larity allows the D11-100 design to
morph to suit the varying cosmetic
tastes of multiple markets through the
use of interchangeable front panels.

BRIAN DIPERT = SENIOR TECHNICAL EDITOR

Go to www.edn.com/070118pry
for an expanded version of this
article, complete
with additional
images.

Given all the attention to
design efficiency elsewhere,
the inclusion of two sets of
composite audio/video out-
puts is baffling. Because the
unit has only one tuner and
one decoder, the outputs can't
deliver separate programs. So,
why did DirecTV shoulder the
additional hardware cost? (Go
to www.edn.com/070118pry
for some speculation and to
post your own thoughts.)

Analog-modem
hardware, which
allows the D11-100
to periodically dial
home for program-
guide, firmware, and
other updates, also
resides on a sepa-
rate daughtercard.

A Samsung “can” tuner allows the D11-100 to tune
in an over-the-air NTSC transmission or UHF- or VHF-
packaged analog video from another source and also
broadcasts the outgoing RF video on VHF channel 3
or 4. The device is on a modular daughtercard, sug-
gesting that lower cost boxes using the same base
design might not include the RF video-input feature.

~
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How you spend your time

Is our business.

When it comes to timing solutions, if you're not working with IDT; you're working too hard. We have the
industry’s widest array of custom and off-the-shelf timing devices, period. Our applications experts are ready

to design and prototype a custom solution to save you time and help you win the business.
Use your time wisely. Use IDT.

Let IDT work for you: www.IDT.com/go/time ‘ I D ,,,
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FIELD-SOLVER SOFTWARE
CAN PREDICT THE BEHAVIOR
OF CIRCUITS THAT OPERATE
AT SPEEDS AND DENSITIES
BEYOND THE CAPABILITIES
OF SPICE TO PROPERLY
MODEL. WHETHER YOU ARE
TRYING TO VERIFY SIGNAL
INTEGRITY OR DESIGNING AN
RFIC, YOU SHOULD KNOW
HOW FIELD SOLVERS COULD
HELP YOUR DESIGN.

BY PAUL RAKO « TECHNICAL EDITOR

BEYOND SPIC

pice is a popular circuit simulator. As elec-
tronic designs move to higher frequencies
and occupy less space, Spice is often insuf-
ficient to predict the behavior of even simple
circuits. When this scenario occurs, engineers
must turn to the use of field-solver software.
Field solvers, sometimes called EM (electro-
magnetic)-field solvers, calculate Maxwell’s
equations for a physical representation of
your circuit (Reference 1). You must provide the field solver
with a representation of the physical configuration of the cir-
cuit, which you base on the output of either an IC- or board-
layout package or a solid model. The solid model also must

include the properties, such as resistance
and dielectric constant, of all the ma-
terials in the area of interest. Figure 1a
shows the modeling of a transmission
line, and Figure 1b shows the resultant
field distribution. Note that field solv-
ers do not solve the quantum-mechanics
problem of what occurs in transistors or
other active devices. Field solvers instead
focus on traces, inductance, capacitance,
and the way these devices interact.

SPICE AND ITS LIMITATIONS

The Spice software tool tries to pre-

dict the performance of electronic cir-
cuits. It works in the time domain—that
is, it solves for the voltage and current
at small, discrete time steps and then
displays a transient simulation, which
looks similar to an oscilloscope trace.
When you want a frequency response,
it solves the time-based problem at a set
of frequencies and displays the result as
a Bode Plot. The best explanation avail-
able for the operation of Spice is Inside
Spice: Overcoming the Obstacles of Circuit
Simulation (Reference 2). Reference
3 provides a good online summary of

Spice. Spice is famous for the headaches
it can cause design engineers (see side-
bar “The trouble with Spice”).

Note that Spice does not solve for
physical things, such as board layout and
signal interactions. The schematic has
no data to convey that information; it is
simply a collection of lumped elements
and subcircuits. The vagaries of Spice
output became clear 15 years ago when
not one of five Spice programs agreed
with the performance of the actual cir-
cuit (Reference 4). Spice does have
transmission lines and sometimes even
lossy transmission lines. These lines rep-
resent a lumped-element subcircuit with
a parameter to account for the length of
the line. Spice does not base the calcu-
lation of the lossy characteristic on the
layout but simply accounts for it in a for-
mula that bases the prediction of losses
on simple parameters. Spice also fails to
model physical phenomena, such as skin
effect, although lumped-element subcir-
cuits can approximate these phenomena
(references 5 and 6).

Field-solver programs, which can
model physical phenomena, now enter
the picture. Thomas Quan, vice presi-
dent of marketing for Applied Wave Re-
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search, notes: “As operating frequency
increases in analog circuits, analog de-
signers will benefit greatly from employ-
ing high-frequency-design techniques
and tools that have been in use by mi-
crowave designers for many years.”

A field solver calculates how a strip-
line or spiral inductor will act. The
user enters a virtual representation of
the device as a solid model. This solid
model can come from a layout package,
or the user can draw it using the field-
solver program itself. Many field solvers
accept solid models from mechanical-
CAD software such as Solidworks and
Unigraphics. In addition to the physical
shapes of the circuit elements, the field-
solver software must know the electrical
properties of the material the design uses.
This requirement includes not just the
conductance of copper and aluminum,
but also the dielectric constant of the pc
board, glass oxide, or solder mask that is
near the conductive elements. At the
extreme, the solid model could include
the glass fibers inside an FR4 pc board
as well as the solder-mask marking that
may lie on top of a trace. The IC model
could include not just the glass oxide on
which you place a spiral inductor, but
also the metal layers underneath and the
epoxy that encapsulates the die in a fin-
ished package. For designs operating at
high frequencies, all these factors will
matter in how the circuit behaves.

Spice creates a conductance matrix
from a circuit netlist and attempts to solve
that matrix over various time steps. Field
solvers use meshing techniques, much
like finite-element-analysis programs

AT A GLANCE

Bl Spice cannot accurately solve
high-speed or small, interacting
circuits.

Field solvers calculate Maxwell's
equations for any passive circuit.

Bl Field solvers provide time- or fre-
quency-based data to a simulator.

B Modern simulators can solve in
the time or frequency domain.

Bl You use field solvers for signal-
integrity and RF design.

for mechanical stress and strain. Once
the software meshes the virtual physical
representation into small elements and
the user provides the dielectric constant
and conduction of those elements, the
field-solver program uses various math-
ematical techniques to deduce the fields
and, hence, voltage and currents that are
associated with the circuit element. You
should remember the admonishment of
Henry Ott, a noted authority on signal
integrity: “Remember: Fields make cur-
rents, not the other way around.”

When the field solver has examined
the physical representation of the circuit,
it can then output an electrical represen-
tation of that configuration as either an
S-parameter or LRGC (inductance/resis-
tance-conductivity/capacitance) model.
The S-parameter model is a frequency-
domain representation, and the LRGC
model is a representation for time-do-
main analysis by Spice engines. Even if
there is only an S-parameter output, pro-
grams can perform a mathematical con-
volution to achieve an inverse-Fourier

600.2

(a)

(b)

transform. This step gives a time-domain
representation of the network more suit-
able for solution in Spice, although at a
risk of inaccurate results.

FIELD-SOLVER SHORTCOMINGS

On the downside, field solvers can
cause several design problems. The field
solver must use an adequate mathemati-
cal method for the proposed problem. If
you use a 2- or 2.5-D solver in designs
having 3-D fields, then expect to be sus-
picious of the answer the field solver pro-
duces. As always, the universal software
problem of garbage-in/garbage-out also
arises. If you incorrectly model the struc-
tures or incorrectly enter the dielectric
constant or other properties, then the
field solver is hardly to blame when you
get inaccurate answers. There are also
sophisticated mathematical problems
that may not be a function of the field
solver itself but, rather, how the simula-
tor converts an S-parameter frequency-
domain output from a field solver to a
time-domain representation for use in
signal integrity or any non-steady-state
analysis. Doing a convolution on the
S-parameter data performs the inverse-
Fourier transform. This transform does
the conversion from the time domain to
the frequency domain. Rational-fitting
algorithms, or state-space equations, may
also perform the transformation from the
frequency domain to the time domain.
Two problems can arise if the algorithms
are inadequate for the S-parameter data
set: causality and passivity.

If the field solver violates causality, a
time-domain model that you generate

800

8000

Figure 1 A user can directly model circuit traces, or the layout package can feed back the physical configuration (a). The field solver
uses this input (b) to calculate the fields, voltages, and currents (courtesy Applied Wave Research).
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We have whatever deg ree of ':‘?-5’;“_
thermal management you need &""*r

As next-generation semi-conductors make once unimaginable
speeds — and temperatures! — routine, thermal managed solutions
become increasingly important. Which is why Tyco Electronics offers
products for everything from low-power chip sets to performance-
based applications up to 400W. And we're equally innovative at
either end of the spectrum: our low-power CHIP COOLERS heat
sinks, for instance, are mechanically attached rather than bonded, to
allow the heat sink to be easily removed for testing and repair. High-
power applications benefit from our exclusive folded-fin technology,
a one-piece design that provides better omni-directional airflow.
Finally, because we make both the socket and the heat sink, a good
mechanical fit is ensured. Regardless of your system’s architecture,
either custom or standard, you can turn to us for turnkey solutions.
For more information, just visit www.thermal.tycoelectronics.com

North America 800-522-6752 ¢ Europe +49 6251 133 31 73
e Asia +81-44-844-8292 ¢ www.tycoelectronics.com

CHIP COOLERS andTYCO are trademarks.

a vital part of your world

Low-power CHIP COOLERS,
extruded aluminum and
Thermally Conductive
Polymer heat sinks

DIMM module passive
heat sink, memory and
microprocessor sockets
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from the S-parameter data may behave
erratically. For example, a negative-
going reflection may appear instanta-
neously when you launch the signal into
a trace or a conductor. This behavior
means that the model has neglected to
account for the finite transit time the
wave takes to reach any reflection-caus-
ing discontinuity. Problems with causal-
ity result in inaccurate results. Passivity
arises when the transformation creates a
time-domain model that adds energy to
the circuit despite the fact that no active
devices are in the subcircuit. Problems
with passivity cause the simulation to
blow up and fail to converge.

These problems involve complicated
mathematical algorithms and should re-
mind diligent engineers that they are de-
signing for the real world. Without real-
world verification, problems will occur
because of too great a reliance on com-
puter simulations. You need three tools
to validate field-solver outputs: experi-
ence, a VNA (vector-network analyzer),
and TDR (time-domain reflectometry).

You should have filed away in your

THE TROUBLE WITH SPICE

Spice is a powerful tool that can solve intractable prob-
lems. It solves Kirchoff’s laws in the time domain. Spice
uses matrix math to solve the conductance matrix of the
circuit, which the schematic netlist describes. The program
iterates from an initial first guess until it gets a result
close enough to declare that it is accurate; it then moves
to the next time step and repeats the process. Spice mod-
els networks of resistors, inductors, and capacitors as
simple elements or, better yet, with subcircuits that reflect
equivalent series and parallel elements, as well as tem-
perature effects. It models active devices as combinations
of passive devices and controlled voltage sources and
current sources. It also allows you to insert equations into
models to “fudge” for noise and similar effects that are
too hard or indeterminate to model.

However, Spice runs into trouble in modeling. The
results of Spice are only as good as the models. IC design-
ers swear by Spice, often with disastrous results. Aimost
all board-level designers have had unpleasant experiences
with models. As a result, they are more suspicious of the
results and usefulness of Spice. IC designers get to use
models that cost tens and even hundreds of millions of
dollars to ensure that the Spice model matches the results
of the actual transistors and passives in the process. Even
with these efforts, temperature or proximity effects often
make the first silicon behave unpredictably.
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Figure 2 A design flow includes a field solver to better simulate real-world issues, such
as board and IC layout or component interaction.

“Spice lies-or fails to tell the truth-all too often,’ says
Bob Pease, staff scientist at National Semiconductor. “Use
your head when at all possible. Design using pencil and
paper, rather than any simulation. And, no matter what
Spice tells you, you do not have to believe it. On the other
hand, Spice might tell the truth. But, for you to say that,
you have to analyze what the circuit will do all by yourself.
Otherwise, how would you know what the truth is?”

Engineers contemplating the vagaries of Spice out-
put must assume that the program will give an output,
which is often not the case. Spice must converge on every
attempt to solve the conduction matrix and every time
step it takes to give a response. The problem is that Spice
bases the matrix math on linear solutions, and diodes, just
like transistor physics, are not linear. Spice must guess
an operating point on the exponential curve that is the
diode IV chart. As a result, it often fails to converge when a
small movement on the curve in the | or the V axis results
in a large change in the other variable. If each subsequent
guess the program makes does not result in a smaller
error, then Spice returns with the dreaded “failed-to-con-
verge” error. Because this iteration procedure has to occur
for each time step, a huge number of chances for noncon-
vergence exist. When Spice attempts to solve nonlinear-
magnetic elements, such as transformers, the convergence
problems become even more daunting.




Intersil Battery Charger ICs
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Unshackle Your
Handheld Device

Intersil’s ISL6299A is a fully integrated low-cost
Li-ion or Li-polymer battery charger that accepts
both USB port and desktop cradle chargers.

The ISL6299A is a low component count solution that features
programmable cradle charge current, charge indication, adapter present
indication, and programmable end-of-charge (EQC) current with latch,
All these advanced features, along with Intersil's Thermaguard™
technology for an added measure of thermal protection, are delivered in

a single 3x3 mm DFN package.
ISL6299A System
ISL6299A Key Features:
2 ,'_ Cradie input. The ma input voltage tolerance Is 28Y, Programmable = Dual-input charger for single-cell Li-ion/
charge current up to 1A and programmable end-of-charge current, The polymer batteries for cradle and USB
included end-of-charge latch is the default input source.

= Low component count
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voltage tolerance prolects the device when access lo cradle

used with low-cost unregulated supplies or = (Charge and adapler presence indicators

in under-input fransient conditions.

= Less than 0.5pA leakage current off the
battery when no input power attached

— Programmable end-of-charge current with
latch for cradle input

{
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(a)

(b)

Figure 3 Field solvers can provide results for intractable problems involving nonlinear magnetics (a) as well as complex 3-D spiral

inductors (b) (courtesy Comsol).

mind any circuit block, whether on an
IC, a board, or a cable, that you have
used previously. If the simulator shows
a block’s acting in an unpredictable way,
you should investigate and resolve the
conflict. Andy Masto, former vice presi-
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dent of Teledyne CME, performed finite-
element analysis starting when the input
was a “deck”—of IBM Hollerith cards. “I
have never done a single analysis where
the answer was right the first time with
my initial assumptions,” he reports.

“There was always a need to evaluate a
problem with a known or a simple solu-
tion just to verify that the software was
acting correctly.”

A second technique to check up on

your field solver is using a VNA. A VNA

§ Moy Supply Raion

Figure 4 A full-blown design environment allows schematic entry, time- and frequency-domain simulation, layout, and field solvers for
signal-integrity and RF design (courtesy Applied Wave Research).
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is similar to a spectrum analyzer, but it
also records the phase changes of the sig-
nal as it passes through a system. By ei-
ther adding on a separate box or buying
an analyzer that has the function built
in, the VNA can measure S-parameter
data over wide frequency ranges. The
200-MHz, “green-machine” HP 3577A
can use the HP 35677A/B to take S-pa-
rameter data in 50 or 75() systems. For
higher frequencies, the 8753ES can work
to 3 or 6 GHz and has a built-in S-pa-
rameter box. Use caution with instru-
ments such as the Tektronix DSA8200,
which does not work like a typical VNA.
A traditional VNA sweeps a tuned filter
with a narrow bandwidth across the fre-
quencies you are measuring. This tech-
nique eliminates out-of-band noise and
provides dramatic SNR benefits. The fast
DSAS8200 scope calculates S-parameters
by performing Fourier transforms on a set
of time-domain-sampled data to gener-
ate frequency-domain results. By its na-
ture, the DSA8200 must be a wideband
instrument, meaning that it also has to
live with wideband noise, limiting the
accuracy of measurements. It would be
absurd to use complicated math to con-
vert time-domain data to frequency-do-
main data, only to have your simulator
take the inverse transform to get back to
the time domain.

The DSA8200 really shines in TDR
measurements. This technique sends a
fast rise-time pulse down a transmission
line or structure, such as a ribbon cable
or another circuit element. It then re-
cords the reflections that impedance
discontinuities generate. The vertical
divisions on the scope when in TDR
mode represent impedance, not voltage
amplitude. An older tool for TDR mea-
surement is the Tektronix 11801A/B/C
series scope with the SD-24 plug-in.
Agilent offers the 86100A model, and
no discussion of TDR testing should
omit the fast-pulse tools from Picosec-
ond Pulse Labs. The company’s sin-
gle-ended 4020 and differential 4022
models set the standard for the indus-
try. The TDR data can run through a
program such as Tektronix’s (formerly,
TDA Systems’) iConnect software to
generate time-domain Spice models
that you can compare with the mod-
els that the field solver creates. Note
that you can enter data from real-world
objects directly into the simulation en-
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vironment, thereby sidestepping the
field-solver approach.

TYING IT ALL TOGETHER

Most engineers do not use a field solver
as a stand-alone tool but, rather, as part
of a simulation environment. This envi-
ronment provides various mathematical
techniques that accept a combination
of ideological inputs from the schematic
netlist, as well as some layout or physical
modeling from the field-solver module.
Ben Mika, design engineer at On Semi-
conductor, states: “Our designs operate at
3 to 5 GHz; therefore, [you must include]
the parasitic contributions of intercon-
nects and long-range couplings between
inductive elements, both intentional and
parasitic ... in the simulations at an early
stage ... to make any meaningful predic-
tion about the circuit performance.” The
simulator can have Spice, LNA (linear-
network-analysis) harmonic balance,
and other simulators. LNA techniques
input S-parameters or Spice models from
real-world networks to the simulator
based on data from VNAs or TDR. A
designer may also contribute “fudge” fac-
tors based on experience or design safe-
guards. Figure 2 shows how a field solver
can fit into a signal-integrity or RF-de-
sign flow. The user inputs the schematic,
and perhaps a mechanical group supplies
3-D CAD models for the field solver.
The simulator can teach the user to
change the schematic, but two levels of
abstraction are available at the first pass.
For instance, you could use a fixed in-
ductance to represent a spiral inductor or
a slightly more complex lumped-element
Spice model that takes into account that
the inductance will change
with frequency.

Alternatively, you could
enter the physical repre-
sentation of the inductor
into the field solver as a 3-
D model, or you could get
the 3-D CAD data from a
mechanical package, such
as Solidworks. You can use
that representation, along
with  user-entered  data

ue. After simulating and perhaps chang-
ing the schematic or some schemat-
ic values, the user can then lay out the
IC or board. At this time, the user can
feed physical-layout information of met-
al traces back to the field solver so that it
can model the interconnections. Better
yet, the field solver can solve for mutu-
al effects between conductors and spiral
inductors. The user can then send this
information back into the simulator for
time- or frequency-domain simulation.
This approach yields a design that has a
far greater chance of meeting all the de-
sign criteria and behaving properly.

The field-solver simulation environ-
ment can support two broad categories of
design: signal integrity and RF design of
an IC, a module, or a board. In the con-
text of providing useful design work, you
should view a field-solver program as a
component of the total simulation envi-
ronment.

Several companies make high-end
simulation environments for signal in-
tegrity. Cadence, with its Spectre simu-
lator, dominates the IC-design market.
Mentor offers Eldo for RF design, and
Synopsys offers the well-known HSpice
environment. Synopsys also offers
HSpice-RE which adds harmonic-bal-
ance and frequency-domain analysis to
the traditional time-domain Spice tool.
Ansoft, with its Nexxim simulator, is
also well-known in simulation. The sim-
ulator plugs into the company’s Designer
SI GUI that can then call on Ansoft’s
well-respected HFSS  (high-frequency
structure simulator) 3-D field solver or
the company’s SiWave or Q3D solvers.

Perhaps the most sophisticated field
solver is the Comsol mul-
tiphysics  solver. Comsol
chose to solve partial dif-
ferential equations for the
problems as a general case,
allowing users to employ
the company’s solver for
fluid flow, structural me-
chanics, heat transfer, and
EM. The multiphysics ca-
pability enables the solver
to solve for the EM fields

about dielectric constants Figure 7 Russian naval offi- of materials that are also

and conductance, to gen- cer Alexei Krylov invented

changing properties or

erate an S-parameter or an the mathematical technique shape due to thermal ex-
LRGC model that repre- that modern harmonic-bal-  pansion or magnetic satu-

sents the inductor better ance simulators use.

that a fixed-inductance val-

ration. Figure 3a shows the
field solution for a power
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inductor, and Figure 3b shows the fields
for a spiral inductor. The program can
read and operate on Spice files, although
the Spice engine has fewer features than
those from Cadence, Ansoft, Synoptics,
Applied Wave Research, and Agilent.

Coming in from the microwave
world, but able to handle signal-integ-
rity issues as well, Agilent offers both
the enterprise ADS environment and
the desktop Eagleware product that tar-
gets individuals and small companies.
Applied Wave Research offers Micro-
wave Office and Analog Office, a prod-
uct that supports signal-integrity and
frequency-domain analysis (Figure 4).
The MathWorks has just announced an
RF-design and signal-integrity package
for its Matlab environment.

ELIMINATING JUST
ONE SPIN OF SILICON
FOR AN IC OR ONE
REDESIGN OF A COM-
PLEX BACKPLANE OR
DAUGHTERCARD CAN
OFFSET THE COST OF
ALL THE SOFTWARE
AND HARDWARE.

PC-board designers have long grappled
with signal-integrity issues. In this area,
the well-known brand is Mentor Graph-
ics’ Hyperlynx 2.5-D field solver that
works intimately with Mentor’s PADS
brand of schematic and layout tools. It
also accepts output from Cadence’s Orcad
layout tool, which exports to Hyperlynx
format (Figure 5). Do not confuse the
Orcad layout program with the Orcad
Editor suite, which uses a stripped-down
version of the enterprise-class Allegro
board-layout package. When using Orcad
Editor, it makes more sense to use Ca-
dence’s signal-integrity package, which
works seamlessly with Allegro. One no-
table board-level product that includes
signal integrity is Altium’s Designer
package, which costs less than $5000 for
a single license and $5000 more for the
schematic-entry and Spice packages. In
contrast, the Hyperlynx tool alone costs
$5000 to $48,000, depending on fixed-
and floating-license requirements as well

as functions, such as lossy-transmission-
line support. All the “big-iron” environ-
ments from Cadence, Ansoft, Synopsys,
Agilent, and others have prices starting at
approximately $5000 for simple modules,
but users can expect to spend $50,000 and
up to get a complete simulator with field-
solver and layout functions. The desktop-
class products such as Microwave Office
and Eagleware generally cost $5000 to
$25,000 for a usable system. One remark-
able exception in the vagaries of pricing
is Zeland Software, which provides a full
pricing sheet for all the packages and
suites that it sells.

Scads of third-party tools exist for
high-end design environments, such as
those from Cadence. These tools can plug
a field solver or other specialized simula-
tor into the design flow. Indeed, Ansoft
has taken care to ensure that you can
separately plug all of its parts, includ-
ing the simulator, layout package, and
field solvers, into Cadence’s and other
companies’ design flows. IBM even of-
fers the free, “method-of-the-moment,”
2-D CZ2D field solver (Reference 7).
IMST (Informatik und Mikrosystem-
technik) offers its Empire field solver that
runs under Windows and Linux. Helic’s
VeloceRF RFIC-design tool plugs into
current tool flows. Sonnet Software of-
fers a 2.5-D field solver that plugs into
many design environments, including
those of Applied Wave Research. Zeland
offers field solvers, Spice tools, transmis-
sion-line tools, and filter-design tools, as
well as signal-integrity support. The test
equipment you need to verify the field
solvers costs approximately $2000 on
eBay to more than $60,000 for the new-
est and fastest VNA and TDR models.
Microwave and signal-integrity design is
not for the faint of heart. Bear in mind,
however, that eliminating just one spin of
silicon for an IC or one redesign of a com-
plex backplane or daughtercard can offset
the cost of all the software and hardware.

When you use field solvers for signal-
integrity problems, the stimulation is in
the time domain. In this case, a common
requirement is measuring an eye diagram
(Figure 6). In the real world, you obtain
this diagram by running a pseudoran-
dom generator into the trace, connector,
cable, or system and looking at the re-
ceiving end with a scope that can capture
and store the repeated traces overlaid on
one another. The thickness of the signal
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Rarely Asked Questions

Just How Accurate was William Tell,

Anyway?
Q. How accurate is an ADC?

A.. Modern ADCs are extremely pre-
cise, but their absolute accuracy does
not always match their precision. If
young Walter had happened to have a
10 cm apple on his head, William Tell
could have afforded less than 5 cm of
error. At a range of 50 m (and it was
probably no more—in Blrglen today
there is no central open space more
than 50 m across)!, this represents an
error of one part in 1000, approximate-
ly 10-bit accuracy. A 16-bit ADC has a
resolution of 1 part in 21¢ (=1 part in 45536 or
15 parts per million [ppm]), and it is not
uncommon for such ADCs to have linearity
approaching 1 least significant bit [LSB]. This
means that the transfer characteristic devi-
ates from a straight line by less than 1/65534
of full-scale.

For most applications this linearity is far
more important than absolute accuracy, but
there are cases (ask William) where the
absolute accuracy matters.

No presently available 16-bit ADC has an
absolute accuracy of 15 ppm relative to full-
scale. The best 16-bit ADCs have gain errors
of several LSBs. So even with a perfect refer-
ence their initial absolute accuracy is, at best,
about 14-bits or so. Of course we can cali-
brate thern to well over 16-bits and even pro-
vide temperature compensation, but off the
shelf they are probably closer to 14-bits.

This does not consider the voltage refer-
ence. Because most applications require lin-
earity but not absclute precision, the voltage
reference on the chip of many ADCs is about
10-bits accurate, and some are less. This is
because a high-precision reference is quite
large, would make the converter more
expensive, and is not needed by most users.

Separate references are better, but still

nowhere near 16-bits. The best available has

an initial accuracy of 1 mV in 10V, about 13-
bits. Most high-performance references are of
the order of 11- to 12-bit accurate. Even with
calibration it is hard to achieve 16-bits, and it
is very difficult to maintain it over
temperature.

In most ADC applications relative accuracy
and linearity are important, but absolute pre-
cision is not. Where higher absolute accuracy
is necessary it is important to design a sys-
tem that can be calibrated, and temperature
compensated to the level required, and to
understand the fundamental limitations of
converters and references from any manufac-
turer. Remember that whatever its resolution
the absolute accuracy of an ADC with an
internal voltage reference is rarely more than
10-bits befare calibration—much the same as
old Bill achieved.

Footnote:
1 http:/fuk. myswitzerland com/en/swisscams/
cam_detail.cfm?webcam_id=1016239307 &rkey=2155

To learn more about
ADC accuracy,
Go to: http://rbi.ims.ca/4946-101

James Bryant has
been a European
Applications Manager
with Analog Devices
since 1982. He holds a
degree in Physics and
Philosophy from the
University of Leeds. He
is also C.Eng.,
Eur.Eng., MIEE, and an
FBIS. In addition to
his passion for engi-
neering, James is a
radio ham and holds
the call sign G4CLF.

Have a question
involving a
perplexing or
unusual analog

problem? Submit

your question to:
rag@reedbusiness.com
For Analog Devices'

Technical Support,
call 800-ANALOGD

SPONSORED BY

u DEVICES

JANUARY 18, 2007 |

EDN 53



WHAT™ PASSES
IS JUST MILE MARK

’ Lab-tested " Baja-prb”venA =|?o
Technology from Micron’. |

y. ‘..'.Was it pure guts that led one of the V%ﬂd 's Iea in

- semiconductor companies to pit its technology agaln =
some of the world’s harshest terrain? Or was it wonclaﬁ.-""- ;
certainty their CMOS image sensor and NAND Flash ==
memory technology wouldn’t let them down? For Tea
Micron, it was both. And in the Baja 1000, Micron’s .
rugged technology endured a grueling 1,000-mile race 15
through the Baja peninsula. Now Micron is ready to’
take on something even more demanding: your next
automotive design.

Where can Micron automotive technology take your de5|gns"

}lSIt baja.micron.com today to find out.

'v;
¥ .

y '
icron Technology, Ine"All rights reserved. Micton and the Micron logo are tademarks of Iicron Technology, Inc.

:




crossing indicates jitter; the bigger the
eye diagram, the better the signal integ-
rity. Simulators working with field solvers
can simulate this diagram and give de-
signers an indication of how well the in-
terconnects will perform in real life. You
can use this channel modeling to evalu-
ate not only signal integrity in the case of
eye diagrams, but also the channel itself
on more basic analog-performance crite-
ria. If the time-domain analysis shows no
reflections along the entire length of the
channel, then you can rest assured that
any analog signal will be of higher fidelity
than if there were significant reflections.
The field solver can output LRGC
models directly to the Spice engine, or
the simulator environment can convert
S-parameter files from the solver to a
time-domain representation with the
convolution operation. “Signal integ-
rity is all about the time domain,” says
Sanjeev Gupta, an application engineer
at Agilent. “The models are [in the] fre-
quency domain because, at these frequen-
cies, dispersion and radiation take place,

SIMULATORS WORKING
WITH FIELDS SOLVERS
CAN ESTABLISH ANOTH-
ER VALUABLE CRITE-
RION: THE AMOUNT

OF ENERGY THAT THE
BOARD ORTHE IC IS
RADIATING.

and [you can most easily represent these
phenomena] in the frequency domain.
People use the frequency domain to de-
scribe the channel models, but the system
specifications are in [the] time domain, es-
sentially as eye diagrams. So, people need
to find out the time-domain performance
of these frequency-domain models.”
Simulators working with fields solvers
can establish another valuable criterion:
the amount of energy that the board or
the IC is radiating. This information
can help predict performance for FCC
(Federal Communications Commission)
radiation limits and susceptibility under
European CE (Conformité Européenne)
rules. By having the evaluation occur in
software at the beginning of the design,
an engineer can predict the performance
of the system and prevent a crisis when

AT EDN.COM >

For another article on validating
Spice models before use, go to www.
edn.com/article/CA512147.

For a roundup of online simulation
tools, go to www.edn.com/070118df1b1.

the product fails FCC certification or,
worse yet, does not work at all. “With a
lot of our customers, we are embarking
on EMC [electromagnetic-compatibil-
ity]-radiation analysis, says Mary Tolikas,
director of business development for An-
soft. “We model the computer box with
ventilation holes and other features and
evaluate the radiation.”

S-parameters are essential to micro-
wave designers, who are often more com-
fortable designing and analyzing in the
frequency domain. Microwave engineers
rarely use a time-domain Spice simula-
tor, preferring LNA or harmonic-balance
simulations to solve circuit behavior in
the frequency domain. Harmonic-bal-
ance and LNA programs focus on the
steady-state behavior of electronic sys-
tems. By operating in the frequency do-
main, harmonic-balance techniques can
save considerable time over Spice. But,
just as Spice is not a panacea for the time
domain, LNA and harmonic balance are
inadequate and may be unnecessary to de-
sign in the frequency domain. “Computer
programs are productivity tools, not sub-
stitutes for talent or thinking,” says James
Long, an RF-engineering consultant.
“All they do is save design time. Look
what was around in 1970 before CAD
programs: millimeter microwave, com-
munication theory, ICs, and space flight.
If you split the system into blocks, [you’ll
find] numerous free and low-cost utility
programs you can use. Spreadsheet pro-
grams have math and graphics abilities.
You can write your own utility programs.”
No responsible engineer sends a circuit to
production based only on simulations.

Harmonic-balance techniques solve
Kirchoff’s voltage laws in the frequency
domain. The laws state that, at any point
in an electrical circuit where charge
density is not changing in time, the sum
of currents flowing toward that point
is equal to the sum of currents flowing
away from that point. Harmonic-balance
simulators use a technique that Russian
mathematician and naval officer Alexei
Krylov invented in the early 20th century
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(Figure 7). The Krylov technique solves
microwave problems more quickly than
time-domain solvers can. The harmonic-
balance technique can quickly solve for
a microwave signal operating at a single
frequency. A Spice time-domain solver
breaks the analysis into extremely small
time steps and then solves for many of
them before the circuit reaches its steady
state. Harmonic-balance techniques as-
sume that the system has reached steady
state. It can then solve the linear-alge-
bra problem as a sparse-matrix problem.
This approach solves for one frequency.
Entering a command, such as “order=5,”
commands the simulator to solve for the
fundamental and the first four harmon-
ics of that fundamental. A few harmon-
ics contain almost all of the energy in a
microwave system, so the speed and ef-
ficiency of the harmonic-balance tech-
nique are advantages in solving those
kinds of problems. Most microwave and
RF simulators also have other modules,
or S-parameter simulators, such as LNA,
that can operate on the S-parameter
data and solve for the performance of
high-frequency systems.

“It used to be that you could do pretty
good millimeter-wave and RF design just
from S-parameters,” says Scott Wedge,
senior staff engineer at Synopsys. “Em-
pirical-modeling techniques would turn
geometries into S-parameter models. For
years, we were doing this [step] because
EM-solver technology was so slow and ex-
pensive. Now, several EM tools are pretty
powerful for several types of applications.
They’ve reached the point at which they
are overtaking these old modeling ap-
proaches. You can throw everything into
an EM solver these days. The choice you
need to make is whether todoa 2-,a 2.5-,
or a 3-D full-wave solution.”

Spice can take a high-speed-design
problem only so far. After that point, de-
signers need to use advanced simulators
with field solvers to properly predict the
operation of the circuits. The field solver
solves for the performance of one of the
most important components in your de-
sign—the pc-board or IC layout. It also
shows you how to get high-speed signals
across connectors and through cables.
The old days of prototyping with “dead
bug” ICs and leaded components doesn’t
work for fast circuits. By learning how
to use field solvers, you can reduce the
time it takes to get to a working design
and teach yourself the intuitive aspects
of high-speed design.epn
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mbedded systems tradition-
ally have limited process-
ing and memory resources
to minimize costs, yet con-
sumer expectations are esca-
lating to include more func-
tions along with auxiliary
features, such as high-speed
communications and inter-
active multimedia. As the software portions of
these embedded projects increase in complex-
ity while schedules shrink, designers are con-
sidering graphical-design tools and automatic
code generators to augment the limited pool
of skilled programmers. With an up-front in-
vestment to precisely define the system, design
tools can automate some of or the entire soft-
ware-development task. In many cases, these
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tools transform embedded-software development from a
line-by-line-programming task to a fully automatic process
that directly generates operational source code from an ab-
stract model of the system.

Although the thought of replacing a portion of the em-
bedded-software staff with a desktop computer is intriguing,
it is not a simple task to sufficiently specify the system for
automatic code generators. Current development tools re-
quire a significant learning period and possibly a complete
change of programming viewpoint before designers are ready
to prepare the data necessary for automatic code generation.
It may also require a change in mindset among your cur-
rent software staff to overcome prejudice and accept a dif-
ferent embedded-development technique. Designers have
strong opinions when it comes to automatic code genera-
tion. Based on early product experience, some developers
feel that code generators require substantial overhead and
produce inefficient code. Yet, modemn tool vendors claim
that their code generators produce error-free code that pre-
cisely matches the specification and is more compact than
handwritten code.



AS EMBEDDED-SYSTEM TEAMS RACE TO BRING NEW PRODUCTS TO
MARKET, DESIGNERS ARE EVALUATING MODEL-BASED DEVELOPMENT
TOOLS TO DEAL WITH ESCALATING SOFTWARE COMPLEXITY.

T
—

—. MO
- BEHAVIOR

= CREATING
7~ EMBEDDED-

OFTWARE

SHORT CUTS

Automatic code generation is an element or subset of mod-
el-based design in which the designer defines the system with
a formal graphical representation instead of a traditional writ-
ten specification. The model must unambiguously define the
intended functions and behavior of the proposed system. In
general, most system-modeling programs allow the user to con-
struct a system representation by selecting prebuilt blocks from
a library and connecting them to form the graphical model. Be-
coming adept at system modeling requires the same devotion
and training period as learning a new programming language.

PRE-PROTOTYPE CODE

One of the main benefits of system modeling is the ability
to simulate the operation of the embedded system before com-
mitting the design to hardware. A simulator allows you to test
and optimize performance to verify that the system meets re-
quirements. A PC-based simulation does not duplicate the de-
terministic performance of a real-time system yet allows you to
test many functions, such as the user interface. Most modeling
systems also have built-in error-checking features to automat-
ically check for inconsistencies and ambiguities to eliminate

BY WARREN WEBB ¢ TECHNICAL EDITOR

potential mistakes early in the development cycle. Coupling a
graphical model with a simulator and code generator can pro-
duce operational system software even before the prototype
hardware is available. This approach is especially effective in
troubleshooting and debugging the first hardware prototypes
because it exercises all functional paths (Reference 1).

Some modeling systems offer reverse-engineering to au-
tomatically synchronize and update the model when you
change object code in the lab. This feature connects the de-
sign and coding activities and guarantees that the model al-
ways reflects the latest product status. Reverse-engineering
also implies that you can directly create a model from any
embedded source code, but success depends on the way the
developer created the code. Most modeling programs also al-
low the user to extract all system data, in both graphical and
textual formats, to create standard or custom system docu-
mentation. Like reverse-engineering, automatic documenta-
tion ensures that the paperwork tracks the hardware.

The UML (Unified Modeling Language) is one of the pop-
ular standards developers use to prepare models for automatic
code generation. The industry in 1997 first adopted UML, a
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consolidation of as many as 50 modeling
approaches developers advanced in the
early 1990s. The OMG (Object Man-
agement Group) maintains UML, and
you can download the latest version of
the specification plus tutorials without
charge from its Web site at www.uml.org.
UML is a nonproprietary graphical tech-
nique for capturing the analysis and de-
sign of object-oriented software. As with
any other object-oriented method, UML
is based on classes and objects. A class is
a set of objects that have the same da-
ta and behavior. Class attributes define
the encapsulated data, and class services
describe the functions that act on attri-
butes. The latest UML specification de-
fines 13 diagram types to document the
software system from the behavior, inter-
action, and structure points of view.
IBM offers one of the first and most
widely used commercial UML modeling
tools: Rational Rose. IBM has versions
for development of standard business
and real-time embedded-software sys-
tems. For example, the Rational Rose
Technical Developer software isa UML-
model compiler that generates com-
plete C, C++, and Java code for Unix,
Linux, Microsoft Windows, and RTOS
targets. In addition to runtime-mod-
el execution, visual-model debugging,
and model-based testing, the package
includes a porting wizard that provides
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AT A GLANCE

Bl Embedded-system designers are
turning to model-based develop-
ment to shorten software schedules
and simplify functional changes or
hardware upgrades.

B Although complex, the Unified
Modeling Language provides devel-
opment teams an open standard to
model the architecture of embedded
systems.

Bl With built-in error checking, auto-
matic documentation, and reverse-
engineering, modeling software
eliminates many common software
mistakes.

B System models and simulators
allow designers to test system per-
formance and prepare final target
code before delivery of prototype
hardware.

support for virtually any 8-bit or larger
target platform. The software also offers
forward- and reverse-engineering sup-
port for some of the most common Java
constructs. Rational Rose automatically
updates configuration management in
the background to support remote team
development. Prices for IBM’s Rational
Rose Technical Developer software plus
12 months of support start at $5995.
Specializing in real-time embedded
software, the Rhapsody Visual Program-
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Figure 1 The recently introduced Version 7.0 Rhapsody from Telelogic generates C,
C++, or Java code directly from a standard UML model.
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ming Environment from Telelogic inte-
grates development into a single process
in which design, code, and documen-
tation continuously synchronize. You
can generate C, C++, or Java directly
from a UML model, merge your design
with legacy code, or add your own cus-
tom code. You can also extract software
components from a model and use them
in new designs without the need for sup-
port from the original developer. Figure
1 shows a representative user interface
for the Rhapsody in C programming
environment. The recently introduced
Version 7.0 of Rhapsody features an en-
hanced user interface, reverse-engineer-
ing of legacy code, and seamless integra-
tion with the open-source Eclipse devel-
opment platform. Telelogic offers unique
software versions depending on the type
of code produced and the target operat-
ing system. Prices start at slightly more
than $1000 for Rhapsody, and typical
bundles sell for $10,000 to $20,000.

You can try UML without the expense
of an off-the-shelf commercial program
using cne of several free alternatives.
Both IBM and Telelogic offer free, al-
though huge, time-limited trial down-
loads of their modeling software for buy-
er evaluation. Another possibility is Ar-
goUML, a free UML-modeling tool and
active open-source-development proj-
ect. ArgoUML is coded in Java and us-
es the Java foundation classes, allowing
it to run on virtually any platform. Al-
though not yet compatible with UML
Version 2.0, ArgoUML supports most
class, state-machine, activity, use-case,
collaboration, and sequence diagrams.
In addirion to code-generation features,
ArgoUML can reverse-engineer Java
code and generate the corresponding
UML diagrams. Similarly, the Umbrel-
lo UML editor, available with the Linux
KDE (K Desktop Environment) desk-
top, is a Sourceforge open-source proj-
ect that supports most of the latest UML
standard (Figure 2). Umbrello delivers
code generation for C++, Java, JavaS-
cript, Python, Perl, and several other
languages, along with reverse-engineer-
ing for C++. Unlike many other open-
source projects, the Umbrello develop-
er’s Web site provides a complete user
handbook that describes UML basics
and each diagram type.

Many automatic-code-generation sys-
tems are based entirely on the UML
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Figure 3 Simulink from The MathWorks allows you to build a model of your system from
a library of predefined blocks and evaluate system performance.
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standard; however, you can also find
several successful software-development
tools built on proprietary graphical-mod-
eling systems. For example, The Math-
Works offers Simulink, an interactive
tool for modeling, simulating, and ana-
lyzing dynamic systems. You can build
a model of your system from a library
of predefined but customizable blocks.
You can also divide model elements in-
to subsystems to simplify construction
and to enable reuse on multiple projects.
The interactive simulator allows you to
evaluate system performance and refine
your designs. Simulink integrates with
The MathWorks’ Stateflow for mod-
eling event-driven behavior and Real-
Time Workshop Embedded Coder to
automatically generate ANSI/ISO-C-
compliant code (Figure 3). All tools re-
quire Matlab, which sells for $1900, and
extension tools sell for $2800 for Simu-
link or Stateflow and $5000 for the Re-
al-Time Workshop Embedded Coder.

TARGET OPTIMIZATION

Gedae, another proprietary, model-
based development tool, finds use in in-
tensive signal-processing applications,
such as radar, sonar, imaging, and audio.
The Gedae tool set includes a worksta-
tion-development environment and tar-
get-specific runtime kernels for embed-
ded targets, such as PowerPC proces-
sors, FPGAs, and DSPs. The Gedae core
language specifies the functions of the
model without regard to the target or its
programming language (Figure 4). With
built-in or user-supplied implementation
parameters, Gedae transforms the mod-
el to generate optimized performance for
the target. You then export target code
to implement the application. Gedae al-
so includes a variety of tools to map ap-
plications to multiple processors and vi-
sualize the execution activity. Support
packages exist for multiple board ven-
dors, and the Gedae BSP (board-sup-
port-package) development kit, which
allows users to target code to their own
custom hardware. Gedae comes in a va-
riety of configurations for algorithm,
workstation, and target development
with prices starting at $7500.

Recent upgrades to National Instru-
ments’ 20-year-old graphical program-
ming language, LabView, provide em-
bedded-software designers with another
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Figure 5 The CompactRIO system from National Instruments defines custom hardware
circuitry using a reconfigurable FPGA and LabView graphical-development tools.

avenue for automatic embedded-code
generation. In addition to its system-
modeling and -simulation features, the
latest LabView release supports object-
oriented programming with classes; ob-
jects; and data-encapsulation, or data-
hiding—the mechanism whereby the
implementation details of a class are hid-
den from the user—object-oriented-pro-
gramming methods. A new embedded-
development module provides C-code
generation for most real-time operating
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systems and any target 32-bit processor or
DSP. Prices for LabView start at $1199,
and the embedded-development module
costs $10,995. National Instruments al-
so offers the CompactRIO system, which
allows developers to define custom hard-
ware circuitry using a reconfigurable FP-
GA and LabView graphical-development
tools (Figure 5). CompactRIO features a
real-time embedded processor, a four-
or eight-slot chassis containing a us-

er-programmable FPGA, and 15 hot-
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swappable industrial-[/O modules. The
FPGA circuitry at the heart of the Com-
pactRIO system is a parallel-processing
computing engine that executes em-
bedded LabView applications at rates as
much as 100 times faster than previous-
ly possible. Designers program Compac-
tRIO hardware using LabView, the Lab-
View Real-Time Module, and the Lab-
View FPGA Module. Prices for Compac-
tRIO embedded systems start at $2495.
With software the largest embedded-
project-budget item, development teams
must consider software-automation tools
to reduce the programming burden. CMP
Media reports that more than half of all
embedded-system projects reach comple-
tion at least three months behind sched-
ule, and Venture Development Corp es-
timates that the number of lines of code
per embedded project is growing at an av-
erage rate of 46% per year. These statis-
tics point to a growing problem that tra-
ditional software-development practices
fail to address. Although there are many
initial hurdles to cross before adopting a
model-based design approach, the sav-
ings in code generation, documentation,
and product updates will eventually pay
the transition costs.EDN
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BY PJ TANZILLO - NATIONAL INSTRUMENTS

Agile software empowers
wireless-sensor networks

APPLICATIONS FOR WIRELESS NETWORKS CAN RANGE FROM HOME
AUTOMATION TO LARGE-SCALE ENVIRONMENTAL MONITORING. WITH
THE FREEDOM THESE WIRELESS APPROACHES OFFER, YOU CAN

NETWORK THE TUNDRA AS EASILY AS THE OFFICE.

n effective wireless-sensor network requires

the integration of two key components: low-

cost, low-power, scalable hardware and man-

ageable software. The industry has shown signs

of delivering on the first need with more cost-

effective microprocessors and chip sets that
allow for lower power communications. A good example is
the ZigBee protocol, in which devices can have a duty cycle
of less than 1% and an extended battery life of as long as two
years using common AA batteries. However, the industry has
yet to deliver software that addresses such communications
challenges as message routing, node management, and appli-
cation development.

Before any application development begins, you must con-
figure a sensor network such that nodes can communicate
with each other. This step allows for coordination among the
sensors as well as some supervisory host communication to

o o

Figure 1 In this example of an ad hoc configuration, each node
broadcasts messages to its neighbors on a defined schedule,
and messages hop from sensor to sensor until they reach their
final destination. These short-range broadcasts are typically
power-efficient. However, in ad hoc systems, some nodes can
emerge as gateways to large subsections of the network; if
these key nodes should fail, these same large subsections of the
network will become unreachable.

the entire network. Unique challenges present themselves
when such broad communication is necessary in a power-sen-
sitive environment in which battery life dictates the life of
the network. This network communication can be power-in-
tensive, and you must keep it to a minimum; the device needs
to spend most of its life in a low-power sleep mode.

When most people imagine a “typical” wireless-sensor net-
work, they imagine many identical intelligent sensors commu-
nicating with each other in an ad hoc network (Figure 1). In
this configuration, each node broadcasts messages to its neigh-
bors on a defined schedule, and messages “hop” from sensor to
sensor until they reach their final destination. Because these
short-range broadcasts are typically easy on the power budget,
this configuration is ideal for optimization of power consump-
tion. Additionally, it requires no central control and therefore
is suitable for truly self-sufficient systems. However, this con-
figuration introduces inherent risks concerning the robustness
of a network. Because each node will likely be low-cost and
effectively disposable, you must plan for a reasonable rate of
node failure within the system. In such a configuration, cer-
tain nodes can possibly emerge as gateways to large subsections
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Figure 2 A heterogeneous network requires more power but
offers a more maintainable architecture, because each base
station represents a single point of failure, and individual sen-
sors can go offline without affecting the rest of the network. The
model is similar to a cellular-phone network.
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of the network, and if these key nodes should fail, these same
large subsections of the network will become unreachable.
Although you can reasonably detect and repair these failures,
many systems use wireless-sensor networks in remote locations
in which simply getting to the sensor is a major expense.

An alternative to the ad hoc network involves overlaying a
series of higher power base stations within the network to act
as master routing nodes. This configuration, a heterogeneous
network, requires more power to run but offers a more main-
tainable architecture. Each base station represents a single
point of failure, and individual sensors can go offline without
affecting the rest of the network (Figure 2). This model is sim-
ilar to the one that modem cellular-telephone networks use.
Anyone who has experienced a dropped call in the middle of
the city knows that the success of any heterogeneous network
relies on the strength and placement of the base stations.

When selecting a network configuration, you must take
into account the node topology. A static topology is a sensor

network in which the nodes are not mobile. An example of
this topology is instrumenting a redwood forest for monitor-
ing environmental conditions. The topology naturally lends
itself to an ad hoc configuration, because you can strategi-
cally place nodes to offer redundant paths to all areas of the
network. In addition, although ad hoc networks would likely
require a more sophisticated routing strategy, you would need
to develop it only once, and it should be applicable through-
out the lifetime of the project.

The alternative topology of static is a dynamic topology. In
this case, node locations are not fixed, and “nearest neigh-
bors” can change at any point. An example of this approach
is a livestock-monitoring system that remotely monitors the
health of a herd of cattle. At any point, any one cow could
wander past the other, and the network-routing strategy
would need to change accordingly. This management re-
quires messaging, and network traffic must thus increase and
therefore decrease effective battery life.

A GUI MAKES THE MOVE FROM T&M TO WIRELESS-SENSOR NETWORKS

National Instruments’ LabView is a graphical develop-
ment environment that the measurement industry has
used for more than 20 years. It allows engineers and
scientists to rapidly and cost-effectively interface with
measurement-and-control hardware, analyze data, share
results, and distribute systems ( ).

Several wireless-sensor vendors, including Crossbow
Technology, Accutech, and Accsense (www.xbow.com, www.
accu-tech.com, www.accsense.com), are partnering with
National Instruments to create LabView drivers to connect

LABVIEW

INTERACTIVE
UTILITY
CONFIGURATION
COMMISSIONING
MANAGEMENT

dJ GATEWAY

WIRELESS-
SENSOR
NETWORK

A GUI such as National Instruments’ LabView can
provide a unified application-development environment for a
wireless-sensor network.
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to and program their respective wireless-sensor networks.
These drivers will allow current LabView users to quickly
program and integrate wireless-sensor networks in wired
applications with limited or no software learning curve.
shows a sample block diagram with two programs.
The bottom program is written with National Instruments’
DAQmx software driver to acquire data from a wired data-
acquisition device. On the other hand, the top program is
reading temperature from a Crossbow wireless-sensor
node. Although both are connecting to very distinct hard-
ware technologies, the designers have created the software
interface to yield a similar look and feel for the user.

The bottom program is written with NI's DAQmx soft-
ware driver to acquire data from a wired data-acquisition device;
the top program reads temperature from a Crossbow wireless-
sensor node. Although both programs are connecting to distinct
hardware technologies, the designers have created the software
interface to yield a similar look and feel for the user.
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Tracking the location of the sensors as well as the local
environmental data further complicates the problem. Keep-
ing with the earlier example in which the network is now
tracking the health and position of a herd of cattle, you can
use a simple survey of node-signal strength to track the loca-
tion of each cow. This algorithm is relatively simple where
you make assumptions about signal degradation over dis-
tance and use triangulation to derive approximate position.
Because a cow pasture is a relatively open environment in
which you can ignore signal reflections, this option is vi-
able. However, examine a use case that uses wireless sensors
to track the health and position of firefighters in a burning
building. The data requirements are virtually identical, but
environmental factors affect the implementation approach.
Because signals will likely need to travel through a variety
of materials, such as glass, concrete, dry wall, and steel,
when transmitted inside a building, you can no longer ig-
nore reflections. Therefore, you can no longer consider the
simple signal-strength technique to be reliable. Using this
algorithm, any one node could logically be in several dif-
ferent locations, and resolving these conflicts can quickly
become too much to manage. In these cases, a GPS (global-
positioning system) is a natural fit, because it can provide
precise global position. However, a GPS chip set requires a
considerable increase to the power budget.

Interference is an additional concern that a wireless-soft-
ware configuration must address. If wireless sensors truly
become ubiquitous, it is reasonable that one network might
interfere with another. For example, a home-automation sys-
tem could reasonably interfere with the firefighter-monitor-
ing system. With this idea in mind, a system must exchange
and maintain a unique identifier for each network.

Whatever approach you develop for a network-configura-
tion and -routing strategy, you need to scale their deploy-
ments to hundreds, thousands, and even millions of nodes in
the future. Moore’s Law tells us that commercially available
processor speeds double every 18 months. The natural corol-
lary to Moore’s Law is that the price of processors of the same
frequency decreases over time. Therefore, it becomes more
and more economically viable to have an increasing number
of intelligent programmable nodes in a wireless-sensor net-

work. Programmers’ salaries are not
decreasing at a parallel rate, and,
therefore, addressing each of these
Go to www.edn. nodes as a separate programmable
com/ms4222 and entity will continue to grow more
click on Feedback
Loop to post a com-

costly.
ment on this article.

Once you've addressed all of the
complexities of the sensor network
and determined the routing, com-
munication, and power-management strategies, you still need
to complete the application programming of the network.
The application software must really exist on three levels: the
node, the hub, and the user interface. Software on the node
must manage the power consumption and provide enough
data processing to minimize data transmissions. In short, the
software should ensure that the network sends only the im-
portant information and discards the rest. Software on the
hub must manage the communication level of the network to
maximize battery life. Finally, the user interface must collect
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The application software for a wireless-sensor network
exists on three levels: the node, the hub, and the user interface.
Software on the node must manage the power consumption and
provide enough data processing to minimize data transmissions.
Thus, it ensures that the system sends only important information
and discards the rest. Software on the hub manages the network
communication to maximize battery life. The user interface col-
lects and displays system information.

all of this information and somehow display it to a user in a
way that is intuitive and meaningful (Figure 3).

One approach to developing user-interface-level software
treats the wireless sensor as an instrument much like an os-
cilloscope or a digital multimeter. This method allows engi-
neers to abstract the complexity of application development
by interacting with the network in a way that is familiar and
comfortable. Major players in the wireless-sensor-network
industry are addressing this need today by providing driver
interfaces to software-development environments such as
National Instruments’ LabView (see sidebar “A GUI makes
the move from T&M to wireless-sensor networks”).

Node software involves treating the sensor network as a dis-
tributed computing cluster. When programming such systems,
you develop a single application and execute it on all nodes
simultaneously. You give each node some unique identifier,
and the software relies on this identifier for its processing
algorithm. The advantage of this approach is that, through
thoughtful programming, you can write a single application
that executes differently on each node, effectively giving the
same flexibility of programming each node individually. This
approach does, however, require a programmer to understand
and apply new programming techniques and refactor or re-
write any existing applications.EDN
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Detection of RS-485 signal loss

By Kevin Gingerich ¢ High-Performance Linear/Interface Py

Introduction

Fault isolation and safety shutdown protocols are critical in
many industrial, telecommunication, automotive, and data
processing systems. While built-in test routines can provide
fault isolation when the system is offline, real-time fault
detection requires continuous monitoring of signals.
These systems often use RS-485 to share data between
sensors, actuators, single-board computers, and
communication processors.

RS-485 signals are differential, using two signal wires to
transmit data, and detection of valid signal levels requires a
differential window comparator. Designing this circuit function
is complicated by the wide common-mode range of
RS-485 signals and, in many cases, the availability of only
positive supply rails.

This article shows how a differential window comparator can
be constructed with the passive-failsafe feature* of two
SN65HVD3088E RS-485 transceivers and an AND gate. It also
provides theory of operation, the basic circuit schematic, test
results, and other design considerations.
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Theory of operation

The differential input threshold is the voltage between the
non-inverting and inverting RS-485 signals above which the
bus state is high and below which the bus state is low. The
differential input voltage threshold of standard receivers is
between —200 mV and 200 mV.The differential input voltage

*See Reference 1 for more on this feature.

Primary RS-485 Transceiver
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Figure 1. RS-485 transceiver with loss-of-signal indicator




threshold of the SN65HVD3088E is between -200 mV and
—-10 mV.This gives a known (high-level) receiver output state
with zero volts (no input signal) and is called passive failsafe.
It does not distinguish between a valid high input and no signal.

A single SN65HVD3088E can determine if the differential
input voltage is less than -200 mV or above -10 mV.
Reversing the input polarity of a second SN65HVD3088E can
determine if the differential input voltage is below
10 mV or above 200 mV and is the basis for constructing the
differential window comparator shown in Figure 1.

The upper-receiver output in Figure 1 is true (high) if the
differential input voltage, Vg, is greater than —10 mV. Since
the inputs of the lower receiver are reversed, the output is
true (high) if -Vpg > =10 mV or, dividing both sides of the
inequality by negative one, Vg < 10 mV. If both receiver out-
puts are true, then the differential bus voltage is between -10
mV and 10 mV and is not a valid input. This fault is indi-
cated by the AND gate F output using inputs of the two
receiver outputs.

Test results
Figures 2 and 3 show the F and Vg low-to-no and high-to-
no signal transitions and the desired fault indication.

Other design considerations

While this example circuit uses the SN65HVD3088E, any
RS-485 receiver with the passive failsafe feature can be
used (Texas Instruments offers over 30 such products). A
similar approach can be applied to unidirectional
(simplex) connections. The parallel connection of the two
transceivers will halve the unit loading and double the stray
capacitance presented to the bus.This may limit the number
and spacing of devices on a bus segment (see References 2
and 3).

If the system timing budget allows, filtering of F may prevent
false fault indications from differential noise or from very
slowly changing input signals. Filtering can be done by
adding gating or by choosing a very slow AND gate.

Conclusion

A differential window comparator can be constructed by
adding a passive-failsafe RS-485 receiver and one AND gate
to another passive-failsafe receiver.The circuit then provides
a loss-of-signal indication from an RS-485 data bus.This fault
flag can then be used for system fault isolation or safety
shutdown protocols.

Input, Vg (0.5 V/div)/Output, F (1 V/div)

Time (100 ns/div)

Figure 2. Loss of valid low-level signal

Input, Vg (0.5 V/div)/Output, F (1 V/div)

Time (200 ns/div)

Figure 3. Loss of valid high-level signal
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BY ANN DE VRIES AND YANJUN MA - IMPINJ

A logical approach to NVM
integration in SOC design

ncreasingly, ICs require embedded NVM (nonvolatile mem-
ory). The popularity of consumer appliances such as MP3
players—with their associated need for digital-rights man-
agement—and security considerations, for example, drive
this trend. At the same time, recent technological advance-
ments provide designers with many options for integrating
on-chip NVM. Understanding the trade-offs among the various
technologies equips designers with the knowledge necessary to
create the best design in the most cost-effective manner.
Generally, when SOC (system-on-chip) designs require a
small amount of NVM, designers might select mask-program-
mable ROM, battery-backed SRAM, or OTP (one-time-pro-
grammable) fuses. For certain design trades, EEPROM and
flash memory make sense. Now, logic-CMOS NVM, also

known as logic NVM, is also an option. What are the advan-
tages or disadvantages of each choice? How does a choice af-
fect system performance, chip cost, and testability? To better
understand which memory best suits your design, it is wise to
explore the availability and trade-offs of the various NVM
types for fully integrated SOCs. (For more detail on the bit-
cell differences among the various NVM technologies, see
sidebar “NVM-technology overview.”)

A hypothetical RF-receiver system serves as a vehicle for
comparing the various memory options (Figure 1). A brief
orientation reveals several strategic opportunities for embed-
ded NVM. At the front end, an analog signal enters a low-
noise amplifier and then proceeds through a set of mixers,
filters, and ADC:s. In the digital path, the design application

LOW-

NOISE
AMPLIFIER

| FILTER] "

ANALOG
FRONT END

= CONTROL
FILTER MEMORY
DEMODULATOR MICRO-
PROCESSOR

FIR DATA MEMORY

FILTER
DIGITAL
BACK END

In a hypothetical RF-receiver system, an analog signal enters a low-noise amplifier and then proceeds through a set of mix-
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[l 47O 246 kBITS, MTP
B 470 256 kBITS, OTP

Il MORE THAN 256 kBITS, MTP

In a mixed-signal system, the front end tends to require more OTP NVM, and the back end requires more MTP NVM.
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might suggest additional signal processing, including filter-
ing, mixing, and demodulation, before the data ends up in
the microprocessor. In the example, one path provides con-
trol, and the other path provides data. The microprocessor
manipulates the data according to the application and deliv-
ers the information out the back end. So, what opportunities
does NVM offer in each stage for enabling the system, im-
proving performance, or simplifying design?

Opportunities exist throughout the design. For example,
in the analog front end, small amounts of NVM ensure de-
sign accuracy in multiple places: gain adjustment for the low-
noise amplifier, trim matching for the signal mixer, filter ad-
justments for the phase-lock loop, analog-filter coefficients,
gain and phase adjustment, and manufacturing trim for the
ADC. Process variations invariably alter the characteris-
tics of analog components. The ability to change parameters
through NVM storage allows designers to ensure that their

NVM-TECHNOLOGY OVERVIEW

Today, most embedded NVMs (nonvolatile memories)
store information by changing the conductance of the
read path in a bit cell. Memory designers use two princi-
pal methods to modify read-path resistance: a polyfuse/
oxide-antifuse element or modification of the threshold
of a MOSFET through charge storage.

Designers typically measure process complexity by
assessing how many extra mask steps over logic CMOS
they will need to implement the embedded NVM. (Any
additional masking layers affect all transistors in the
circuit, reducing yield due to the added defects the extra
processing steps induce.) Designers must choose among
NVMs requiring no added masks, such as logic-:CMOS
NVM, including polyfuse; two to four additional masks,
such as SONOS (silicon-oxide-nitride-oxide silicon); and
six to10 additional masks, such as embedded flash. Em-
bedded flash usually requires a second and sometimes a
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|

-

Figure A A generic NVM cell
stores information by chang-
ing the conductance of a read
path in a bit cell.

STORAGE POLYFUSE
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Figure B For a silicided poly-
electrical fuse, the storage
device is a polyresistor.
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circuits operate correctly. Furthermore, temperature chang-
es affect analog-circuit operation. For circuitry operating un-
der conditions of wide temperature swings, the addition of
MTP (multiple-times-programmable) NVM or a parameter
look-up table based in OTP arms designers with the ability to
maintain accuracy of their design in the field.

The larger bus widths associated with a digital back end typ-
ically require larger amounts of NVM. The DSP block might
require filter-coefficient and demodulation-parameter storage.
Once the data enters the microprocessor block, the applica-
tion might call for decrypting information using frequently
changing keys, performing frame synchronization, or storing
small code updates. Each of these data requirements varies in
when and how often they update, their size requirements, and
why the updates occur. Table 1 provides a summary of the hy-
pothetical system-parameter-storage requirements.

If designers split their memory requirements into three cate-

third polysilicon layer. provides an example of a
generic NVM cell.

For a silicided polyelectrical fuse, the storage device
is a polyresistor ( ). When designers program
the device, a current of approximately 10 mA that passes
through the “stress/bit” node causes self-heating and
electromigration of the silicide and increases the resis-
tance of a narrow section of polyfuse on the field oxide.
To read the bit value, external circuitry enables the
MOSFET using the “select” node, and then a sense am-
plifier connected to the “sense” node detects the state.
Increased resistance in the read path indicates a change
of storage state. But polyfuse circuitry has limitations, in-
cluding OTP (one-time-programmability) limitations, rela-
tively large cells due to the large programming current,
and some reliability concerns over fuse regrowth.

For an electrical antifuse, the storage device is an ox-
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Figure D Most EEPROM and
flash products use floating-
gate technology.

Figure C The storage device
for an electrical antifuse is an
oxide capacitor.




gories of less than 4 kbits, as much as 256 kbits, and more than
256 kbits, they can go ahead and partition the system accord-
ingly. But they may further subdivide the memory choices in-
to those programmed during manufacturing and those requir-
ing updates over the life of the chip. Designers may divide this
mixed-signal system into two chips (Figure 2). The front end
tends to require less NVM and more OTP NVM. The digital
back end, with the associated wider data buses, requires greater
amounts of mostly MTP NVM. If an application needs access
to more NVM—for example, for large code or data updates—
designers may want to provide an interface to external NVM.
If designers must increase system integration, lower cost,
and maintain scalability to smaller processes, what options
are available? To answer that question, first examine an over-
view of embeddable NVM characteristics across process types
(Table 2). (This comparison includes neither ferroelectric

RAM nor magnetic RAM.)

ide capacitor ( ). When designers program the
device, applying a large voltage at the stress/bit node
ruptures the oxide. To read, external circuitry enables
the MOSFET using the select node, and then a sense
amplifier connected to the sense node detects the state.
Reduced resistance in the read path indicates a change
of the storage state. The limitations of oxide-antifuse
circuitry include OTP problems, some reliability concerns
about oxide breakdown, and scalability concerns for ad-
vanced processes. (Oxide breakdown is not well-defined
for ultrathin oxides.)

Most EEPROM and flash products use floating-gate
technology. shows a floating-gate PFET. The
select transistor can be either an NFET or a PFET. The
floating FET comes out of fabrication uncharged or may
be erased with ultraviolet light, leaving the gate in the off
position. Charge injected onto the floating gate from the
stress/bit node using hot carrier injection turns on the
floating-gate FET. To read, external circuitry enables the

CONTROL GATE

STRESS/BIT
STORAGE

SELECT —|

STRESS

SELECT —4

SENSE

Figure E For MTP logic-
CMOS floating-gate technol-
ogy, a group of floating-gate
FETs stores the charge.

Figure F Charge stored on a
floating-gate FET with double
polysilicon is the storage
mechanism for embedded
EEPROM or flash.

Designers can then take a couple of approaches. One meth-
od continues the two-chip approach in which designers op-
timize the design of each piece. Designers may want to use
fuse or antifuse OTP NVM for the small amounts of memory
in the analog front end. In this case, designers achieve high-
er program speed than they would using logic OTP CMOS
at the expense of higher power consumption. If the design is
destined for high production volume, higher program speeds
might be an important cost consideration. However, if the
design requires field testing and programmability, the only
choice is logic OTP CMOS; fuse or antifuse designs require
factory programming. Package characteristics can also affect
precision analog parts. Postpackage programming might be
desirable over wafer sorting, again indicating logic CMOS as
the only choice. In either case, manufacturers develop the
chips in leading-edge processes, and they require no extra
mask charges, which lowers overall cost by yield and increas-

MOSFET (select node), and then a sense amplifier con-
nected to the sense node detects the state through the
presence or absence of current flow.

For MTP (multiple-times-programmable) logic-CMOS
floating-gate technology, a group of floating-gate FETs
stores the charge ( ). Designers can implement
the cell using a standard CMOS process without extra
masks or process steps. During programming, pulling the
N well of the tunnel PFET to high voltage while keeping
the control gate at ground causes FN (Fowler-Nordheim)
tunneling, erasing the floating-gate charge. Pulling the
control gate to a high voltage while keeping the rest of
the nodes at ground uses FN tunneling in the reverse
direction to add charge to the gate. Hot carrier injection
from the stress node can also program a cell. To read, ex-
ternal circuitry enables the read MOSFET using the select
node and determines the current flow through a sense
amplifier connected to the sense node.

Charge stored on a floating-gate FET with double poly-
fuse is the storage mechanism for embedded EEPROM or
flash ( ). To program, pulling the stress/bit node
to a high voltage while keeping the select at ground or at
a negative voltage creates FN tunneling, which erases the
floating-gate charge. Pulling select to a high voltage while
keeping the rest of the nodes at ground uses FN tunnel-
ing in the reverse direction to add charge to the floating
gate. Hot carrier injection from the stress/bit node can
also program the cell. To read, external circuitry uses the
select node to enable the cell and determines current flow
through a sense amplifier connected to the sense node.

SONOS embedded flash memory works in the same
way as the floating-gate flash but replaces the floating
gate with a layer of nitride as a charge-trapping medium.
SONOS is generally thinner than floating-gate NVM, en-
abling programming and erasing at lower voltages. The
thinner oxide simplifies the process steps to only two to
three extra layers from the CMOS baseline process rather
than the six to 10 layers for floating-gate NVMs.
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es reliability. (Any additional masking layers affect all tran-
sistors in the circuit, because the extra processing steps intro-
duce defects, resulting in lower yield and reduced reliability.)

For the digital back end, designers usually go with embedded
EEPROM or flash because that course is a straightforward tran-
sition from external memory. Embedded EEPROM and flash
come with the advantages that both control and data inter-
faces are already in place. Assuming that designers have a simi-
lar architecture for the embedded version, many choices exist.
Bringing data storage on-chip also reduces the amount of I/O
circuitry. It also allows designers to reduce system bill-of-mate-

TABLE 1 SYSTEM-PARAMETER STORAGE

rials cost by removing external components, lowers board costs
because there are fewer lines to route, achieves fast read, and
lowers power at the expense of extra process steps. However, if
your company determines that six to 10 extra process steps to
bring EEPROM and flash on-chip will too greatly impact the
bottom line, then it is back to the drawing board. A quest for
reduced power consumption and less of a processing hit might
compel designers to use SONOS (silicon-oxide-nitride-oxide-
silicon) flash, which requires only about three extra masks.

A second approach is for designers to integrate the mem-
ory in a single mixed-signal chip. For the OTP NVM, either

Size ‘

Bits to bytes

Parameter ‘ Programmed

Low-noise-amplifier
gain adjustment

At manufacture, in field

Mixer trim matching Bits to bytes At manufacture

PLL coefficients Bits to bytes At manufacture

Analog filter Bits to bytes | At manufacture, in field

VGA gain/phase matching ‘ Bits to bytes ‘ At manufacture

ADC trim | Bits to bytes

DSP-filter coefficients Less than At manufacture, in field
1 kbit

Demodulation parameters Less than At manufacture, in field
1 kbit

Decryption keys Multiple bytes In field

Frame synchronization Multiple bytes In field

At manufacture

100s of kilobits In field

|
|
|
|
|
‘ At manufacture ‘
|
|
|
|

| |
| |
Boot ROM ' 10s of kilobits |
| |

Code updates

Updated

No
No

No

Infrequent
Infrequent

Frequent
Infrequent
No
As needed

Temperature dependent

Temperature dependent

Temperature dependent

Why

Security
Updates
NA

Process variations

Process variations

Process variations

Process variations, compensation

Process variations, compensation

Process variations, compensation

Enable different modes

Change in modulation scheme

Bug fixes, testability, function changes

TABLE 2 EMBEDDED-NONVOLATILE-MEMORY COMPARISON

MTP OTP
EEPROM/flash SONOS flash Logic NVM Fuse/antifuse Logic NVM
Cell area Small Small Medium Medium/small Small
Process Two- to three- Two- to three- Leading Leading Leading
generation lag generation lag
Extra masks Six to 10 Three None None None
Scalability Difficult for EE- Yes Yes Yes Yes

PROM/flash scales

Program mechanism | Tunneling/hot carrier | Tunneling/hot carrier

injection injection
Storage medium Floating gate Nitride film
Program speed Milliseconds/ Milliseconds
microseconds

Program power Medium Low/medium
consumption

Erase mechanism Tunneling Tunneling
Erase scheme Byte/page Sector/chip

Erase speed Milliseconds/page Milliseconds/page

Read speed Nanoseconds Nanoseconds

Field programmable Yes Yes
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Tunneling/hot carrier
injection

Floating gate
Milliseconds
Low

Tunneling
Page/none
Milliseconds/page

Nanoseconds

Yes

Electromigration/
permanently
ruptured connection

Broken polyfuse/
oxide

Milliseconds/
microseconds

High/medium

NA
NA
NA

Nanoseconds to
microseconds

No

Hot carrier injection

Floating gate
Milliseconds
Medium

NA
NA
NA

Nanoseconds

Yes



Intersil Real-Time Clocks

High Perfermance Analog

And the Winner is...

Intersil's low power I°C Real-Time Clocks
save costs and board space by integrating
4k Bytes of EZPROM memory AND CPU
Supervisory Functions.

Switching to Intersil's ISL12027, 1SL12028 and 1SL12029 can save
you money and board space two ways. First, we've integrated 4k of
E*PROM memory, Power On Reset and a Watchdog Timer
eliminating two external devices. Secondly, we've added crystal
frequency trimming capability to deliver high accuracy timekeeping
with a low-cost 32.768kHz crystal. The end result is a highly efficient
real-time clock you can rely on for >2,000,000 Write Cycles.

Crystal frequency compensation provides initial crystal
trimming and subsequent timing correction due to
lemperature variation, saving you money by delivering
accurate timekeeping with less expensive crystal.

Basic RTC

= .
Crystal Osc. Network
- Oscillator
Compensation

Bunojuol
abieyjop

ET

2-Wire Interface
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| | 5
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Temperature P
Sensor z
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| Real-Time Clock

800nA General Purpose Real-Time Clock Selector Table

Suerviso

4k bits of
EE‘PI_ROM

800nA
Battery

Supply
Current
+

Svstem

L\

Functions @‘

Integrated Power On Reset
and Watchdog Timer
eliminales extemal devices.

Twao non-volatile alarms
can be set to the second,
minute, hour, day of the

Jawi |
Bopyajem
1asay
uQ Jamod

week, day or month.
L Integrated 4k Bytes of
51248 Bytes E‘PROM memory reliable
EPROM
EIRROM for >2,000,000 write cycles
eliminates extemal device.

—

Int. CPU Sup.Fx's
E3PROM wdg | Vg for For datasheet, free
(Bytes) | Alarm | POR | Timer IRQ_ Four Rest/Bat Switch Package samples, and cnmplete
ISL12026 | 512X8 | 2 N N IRQFour 5 Sel. (2.63V to 4.64V) | 8-Ld SO/TSSOP line of general purpose
ISL12027 | 512X8 | 2 Y Y RESET 5 Sel. (2.63V to 4.64V) | 8-Ld SOTSSOP Real-Time Clocks go to
ISL12028 | 512X8 | 2 Y Y IRQ/Four 5 Sel. (2.63V o 4.64V) | 14-Ld SO/TSSOP
ISL12029 | 512%8 | 2 Y Y IRQ/Four 5 Sel. (2.63V Lo 4.64V) | 14-Ld SO/TSSOP www.intersil.com R
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intersil.




TABLE 3 DESIGN TRADE-OFFS

NVM type Capacity Pros Cons
EEPROM/ Megabits | Small cell area, fast Higher power, greater cost,
flash MTP reads, large memory || lower yield, two- to three-

generation process lag
SONOS Megabits = Small cell area, fast Higher power, greater cost,
flash MTP reads, large memory,  lower yield, one- to two-gen-
scalable eration process lag, sector
erase. Concerns about data
retention at operating tem-
peratures higher than 85°C.
Logic-CMOS Kilobits Leading process, no | Smaller memory, slower reads,
MTP extra process steps, | medium cell area
lower power con-
sumption, portable to
advanced processes
Fuse/antifuse 100s of | Leading process, Higher power consumption,
OTP bits scalable no field programmability,
poor reliability
Logic-CMOS 100s of || Leading process, Smaller memory
OTP kilobits portable, field pro-
grammable, small
cell area

option works unless the design calls for field programmability
or testability. If this situation arises, the only choice is logic
NVM. For the digital portion, using SONOS flash provides
designers with a lower power, faster program option than em-
bedded EEPROM. Selecting logic NVM for the midsized-
memory requirements in the digital back end will cost you ar-

ea and speed but will lower cost and typically
increase yield. Now, the entire design fits into
one process—generic logic CMOS—and re-
quires no added process steps. Using generic
logic CMOS provides designers with the addi-
tional advantages of leading-edge-process avail-
ability, design portability, and a lower power
design. The only trade-off of this option is the
limitation on memory size. If the microproces-
sor requires an MTP memory on the order of
multiple megabits, for example, size constraints
limit the choice to EEPROM or flash. Table 3
summarizes the primary design trade-offs.
Another aspect designers should consider is
support-circuitry overhead. All memories re-
quire operational control signals and decod-
ing circuits, with complexity varying accord-
ing to memory architecture. In the absence of
external high-voltage lines, higher program-
ming voltage requirements must have either
on- or off-chip charge pumps. Designs that re-
quire greater memory endurance may require
error-correction coding and some degree of cell redundancy.
Depending on the erasure method the device uses, design-
ers may need to use additional control circuitry to prevent
overerase problems, such as stuck bits. Some designers may
choose to use drop-in memory IP (intellectual property) from
an IP vendor, which gives designers visibility into only the

cle

FOR THE
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Intersil Digital Light Sensors

High Performance Analog

The Best Digital
Light Sensor and Its
Closest Competitor

With light sensitivity only matched by the human
eye, Intersil’s ISL29001 Digital Light Sensor
provides simple, pure 15-bit I*C digital data.

Drawing less than 300uA of supply current, the ISL29001 provides
15-bit effective resolution. This state-of-the art device integrates two
photodiodes and an ADC into a super small 2.1mm x 2.0mm ODFN
package. The digital data in standard I’C format couldn’t be simpler to
use. It's no wonder EDN Magazine has selected one of this family's
light sensors as a finalist for this yaar's Innovation of the Year Award.

Innovative 2.1mm x 2.0mm

clear ODFN package.

Simple I*C standard
digital output code. ISL29001 Key Features:

— PEC interface produces simple I*C

output code, directly proportional
DRI O DA ED DX toIEx e

= 0.3 lux to 10,000 lux range
— 50Hz/60Hz rejection to eliminate

Consumes just 300pA of supply current in normal artificial light flicker
operation. A power-down pin is provided which ~— Human eye response
can reduce consumption to less than 1pA.

~— 15-bit effective resolution
— Adjustable resolution: 3 to 15

I
Filters out flicker generated Integrated 15-bit counts per lux
from artificial light sources. Sigma Delta. — 2.5V'10 3.3V supply
Voo — Temperat ted
perature compensa
b ostsot S = —_ — 6-pin ODFN (2.1mm x 2mm)
! Temperalure E -EII SDA — Pb-Free plus anneal available
I "
| Compensated— - 5&:‘,2*’59"'2 » fabcl:t -5 (RoHS compliant)
| Light Sensor jection o —I:l SCL
I I
e e e O----- O-----
GND Rext
FC output code Datasheet, free samples, and
Enables easy adjustment directly proportional more information available at
of resolufion from 3o 15 Lt www.intersil.com
counts per lux. calculation needed. R

Amplify your performance with advanced signal processing.

intersil.




TABLE 4 SUPPORT-CIRCUIT IMPACT

Peripheral circuit

Control circuits

Charge pump

Error-correcting
code

Usage example

Parallel versus serial input,
decoding control

Allows single-chip supply
voltage by generating higher
on-chip programming voltages

Increases reliability of memory

Impact

Routing area on-chip, complex-
ity of controller, size of memory
drop-in

Area, power, not necessary to
have internal if programming
only once

Adds complexity and might not
be needed for all applications

of NVM their design needs. Once they un-
derstand the NVM requirements, they can
then evaluate requirements for read speed,
design portability, field programmability,
power consumption, and design area versus
cost. Armed with this information, design-
ers can pick the best IP supplier for the ap-
plication at hand. Understanding the NVM
options could mean the difference between
a design that works and a design that works

periphery of the memory. Designers care about the overhead
because the selection of a type of NVM from a specific ven-
dor impacts not only the chip design, but also the design and
cost of the board it occupies. Table 4 summarizes a few pe-
ripheral-support-circuitry considerations.

Moving from external NVM to an internal embedded ap-
proach provides many benefits: increased design accuracy, low-
er board costs, decreased board complexity, greater
testability, the ability to correct design errors, field
programmability, and increased security. If designers

but soon fails in the marketplace.Ebn
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Available with PC Tabs or
for Surface Mounting

Bulk or Tape & Reel
Sizes: 6.8 thru 24mm

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

Memory Protection Devices, Inc.
200 Broad Hollow Road, Farmingdale, New York 11735
Tel.(631)249-0001 » Fax(631)249-0002

www.batteryholders.com
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DESIGN your two or four layer PC board

SEND us your design with just a click

RECEIVE top quality boards in just days
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36V Buck Converter

LT3481
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2A Output Current, 50pA Quiescent, 2.8MHz Switching in 3mm X 3mm DFN

The LT®3481 monolithic buck converter has everything needed to simplify mid-range input voltage step-down conversion
designs. Its high switching frequency operation minimizes the size and cost of capacitors and inductor. Low ripple Burst
Mode® operation typically has less than 15mVp_p ripple at the output and a quiescent current of only 50pA. The internal
3.2A rated switch provides 2A of continuous output current at voltages as low as 1.27V. With its high level of integration
and fast switching, a complete LT3481 solution occupies less than 1cm?.

|V Features 3

e Input Range: 3.6V to 36V (Max.)
e 2A Maximum Output Current

 Low Ripple Burst Mode Operation
50pA at 12Vyy to 3.3Vout
Output Ripple < 15mV

e Adjustable Switching Frequency:
300kHz to 2.8MHz

e Integrated Boost Diode

e Small 10-Pin Thermally Enhanced
MSOP & 3mm x 3mm DFN Packages

Low Output Ripple

Vigur = 3.3V, Fgyy = 800kHz
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V Info & Free Samples

www.linear.com/3481
Literature: 1-800-4-LINEAR
Support:  408-432-1900
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DM PLL

AT, LTC, LT and Burst Mode are registered trademarks and
ThinSOT is a trademark of Linear Technology Corporation. All
other trademarks are the property of their respective owners.



More pModule
Power Supplies

%‘bﬁb g@m
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DC/DC
pModule

High Reliability DC/DC pModule Family: 2.5V-28V Input, Up to 12A Out (PolyPhase for >12A)

Our growing family of pModule™ DC/DC converters simplifies high density power supply design and minimizes external
components. This family features compact and low profile packages, proven reliability, wide input voltage ranges and high
output currents with PolyPhase® operation for true scalability. We have also added tracking, margining, frequency synchro-
nization and differential remote sense capability.

W New DC/DC pModule Family WV Info & Online Store

V|n: 4.5V-28V; Vgyr: 0.6V-5V LGA Package www.linear.com/micromodule
| Track. | Remote Literature: 1-800-4-LINEAR

Part No. (S‘éT) Current Share PLL | Margin Difge;:géial Height | Area Support:  408-432-1900
LTM®4602 | 6A Combine ¢ o

ombine two W‘”m"
LTM4603 6A for 12A to 24A v v v oles
LTM4603-1 | 6A or v v 2.8mm | 15x15mm Aalizbs for

Download

LTM4600 | 10A | 4 | TM4601 for <48A o
LTM4601 12A v v v
Vi: 2.5V-5.5V; Vgyr: 0.8V-3.3V
LTM4604 | 4A | 4 101 16A-32A v, v 2.3mm | 15x9mm it biodul and THASOT av rademeyts o Linea Thmaogy
LTM4608* 8A v v v 2.8mm | 15x9mm Corporation. All other trademarks are the property of their

respective owners.
*Future Product

LT IR



aesig

Microcontroller drives logarithmic/
linear dot/bar 20-LED display

Dhananjay V Gadre and Anurag Chugh,
Netaji Subhas Institute of Technology, New Delhi, India

Available for more than 20

years, National Semiconduc-
tor’s (www.national.com) venerable
LM3914 dot/bar-display driver still en-
joys wide popularity among designers.
The LM3914 can sense an analog volt-
age level and display it on 10 LEDs by
illuminating one of 10 in dot mode or
by progressively illuminating LEDs in
bar-graph mode. Recently, an appli-
cation needed an analog-input-volt-
age display capable of displaying more
than 10 levels in linear- and logarith-
mic-scale formats. According to the
LM3914’s data sheet, you can cascade
multiple 3914s to display more than 10
levels (Reference 1), but, even so, the
LM3914 offers only linear displays of
its input voltage. (Editor’s note: Na-
tional Semiconductor also offers the
LM3915, a logarithmic, 3-dB-per-step

J; Vee Jp

version, and the LM3916, which dis-
plays its input in volume units, for
audio applications.)

This application required more flex-
ibility than the LM3914 offers, and it
uses a circuit based on an Atmel (www.
atmel.com) AVR-family AT Tiny13 mi-
crocontroller, which features 1 kbyte of
program memory; a four-channel, 10-
bit ADC; and six general-purpose 1/O
pins. Altering the circuit’s firmware al-
lows linear or logarithmic scaling of
the 0 to 5V input-voltage range.

The circuit in Figure 1 continuous-
ly displays the input voltage in 20 lev-
els. When closed, switch S, freezes the
displayed reading at its then-current
level. Five of the microcontroller’s six
1/O pins control all 20 LEDs and the
switch. Configured as an ADC-input
channel, the remaining I/O pin re-

NIO

READERS SOLVE DESIGN PROBLEMS

EDITED BY BRAD THOMPSON
AND FRAN GRANVILLE
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DlIs Inside

84 Optical feedback extends
white LEDs' operating life

88 Sequencer controls power
supplies’ turn-on and turn-off
order

92 Use dual op amp
in an instrumentation amp

What are your design problems
and solutions? Publish them here
and receive $150! Send your
Design Ideas to edndesignideas@
reedbusiness.com.

ceives the analog-input voltage. The
microcontroller uses Charlieplexing, a
method of using I/O lines to drive as
many as NX(N—1) LEDs, to drive 20
LEDs with only five I/O pins (refer-
ences 2 through 4).

The firmware is written in C and
compiled using AVR-GCC, a freeware
C compiler and assembler available in
Windows and Linux versions at www.
avrfreaks.net. It uses the Tiny13’s in-
ternal 10-bit ADC operating in free-

GND O INPUT 0 TO 5V
c, ]
0.1 uF (RESET)PB5
’_()3 (xTAL2)PB4 LS
'2
IC 2
10 uF 1 XTAL1)PB3
,_)” ATyt KAL) ;
(SCK)PB2
6
8lvee (MISO)PB1
“{anD (Mos)PBo
Rg b3 10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1
39k 2 22 2% 2/ X4 27 20 X0 N5 Xa 275 X0 X5 075 00 XA B IA T T 2
1 12 13 14 15 16 17 18 19 20 1 12 13 14 15 16 17 18 19 20 R, < R R R R
> >
D2y| D2| D2 D2;| D2g| D25| D2,| D2;| D2,| D1,[Diyo| Dig| Dig| D1,| Dig| Dis| p1,| D1,| D1,| D1, 1003 1003 1003 1003 1003
NOTES:
ALL LEDs ARE SUPERBRIGHT, 3 MM DIAMETER. s
S, IS NORMALLY OPEN IN RUN MODE, CLOSED TO HOLD READING. 1
o O

Figure 1 Based on a low-cost microcontroller, this dot/bar LED driver operates in linear or logarithmic modes.
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running, interrupt-driven mode to
convert the analog-input voltage into
a digital number. Upon completion of
each conversion, the ADC generates
an interrupt that a subroutine reads;
the interrupt stores the ADC’s con-
verted output in a shared variable.

To provide a flicker-free display, an
internal timer generates a 1875-Hz in-
terrupt derived from the 9.6-MHz sys-
tem clock to drive the multiplexed
LEDs at a rate exceeding 90 Hz. Di-
viding the ADC count by a constant
yields a linear display of the input
voltage. A look-up table scales the
ADC count to produce a logarithmic
display. Figure 2 shows the logarith-
mic-conversion curve that defines the
look-up table’s values. Versions of the
ATTinyl3’s control programs for lin-
ear and logarithmic scales are avail-
able for downloading from the online
version of this Design Idea at www.
edn.com/070118dil. You can modify
the source code to display only a par-
ticular subrange of the input voltage
of 0 to 5V. For example, you can spec-
ify a linear-display range spanning 1
to 3V or a logarithmic scale for input
voltages of 2 to 3V.Ebn

1200
1000 e
SERIES1
800
ADC COUNT //

(0 TO 1023)

600 /
400

200 /

1/

123 4567 8 91011121314151617 181920 21

LED NUMBER

Figure 2 A linear-to-logarithmic-conversion curve defines the input voltage

required to illuminate a particular LED.
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Optical feedback extends white LEDs’ operating life

Bjoy Santos, Intersil Corp, Milpitas, CA

Regardless of its color, an LED’s

light output varies as a function
of forward current and ambient tem-
perature. As Figure 1 shows, an LED’s
light output can vary by as much as
150% over its operating-current
range. In response, a designer’s first at-
tempt to solve the problem focuses on
driving the LEDs with a constant cur-
rent. The most common white-LED-
driver circuits use an inductor-based
dc/dc boost-converter topology simi-
lar to the circuit in Figure 2. A cur-
rent-feedback controller ensures that
the voltage across current-sensing re-
sistor R remains constant. As a result,
the controller varies the voltage across
the entire string to maintain the LEDSs’
current constant without regard to

| JANUARY 18, 2007
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Figure 1 An LED's light output changes considerably as a function of its for-
ward current, even within the sweet spot (oval area) of its nominal operating

current.



Single Port POE

Isolated
48V

Fully Autonomous Controller with Integrated FET Simplifies PSE Design

The LTC®4263 is a complete, single port Power over Ethernet controller for Power Sourcing Equipment. It integrates a high-voltage
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Figure 2 One method of driving an LED illuminator samples current through a string and adjusts the voltage across the
entire string to maintain a constant current.

the LEDs’ actual light output.

Driving series-connected white LEDs Figure 3 Even at a 3
with a current source relies on the as- constant forward cur- 25
sumption that, at constant current, an rent, an LED’s light 5
LED’s light output remains constant. output correlates L CURRENT FEEDBACK
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linear decrease in brightness as a func- perature and can vary | INTENSITY 1 i —
tion of operating time. Although less by as much as 100% 05 ™ I
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as indicators, the decrease in bright- ating-temperature P S—— o : zlo : 4IO 0
ness of a white-LED-illuminator-array range (upper curve). .

AMBIENT TEMPERATURE (°C)

source becomes noticeable over an ex-
tended period. Brightness also varies as
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Figure 4 Photosensor IC,, an Intersil ISL29000, resides near an LED to detect brightness fluctuations and provides com-
pensating feedback to IC,, the current controller, which is an Intersil EL7630 pulse-width regulator.
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a function of temperature, which can
affect an illuminator’s performance
over an extended-temperature range
(upper curve, Figure 3).

To compensate for LED-output vari-
ations due to aging and temperature
fluctuations, the control loop needs
more information in addition to volt-
age or current data. Adding an ambi-
ent-light sensor and optical feedback
to the control loop can ensure that a
white LED’s light output remains uni-
form and consistent over time and tem-
perature variations. An optical sensor

can measure the LED’s light-output in-
tensity and provide a feedback signal
for the control loop, which can adjust
the current to produce a relatively con-
stant light output. As the LEDs’ light
outputs decrease, increased current
compensates for aging and tempera-
ture-induced variations (lower curve,
Figure 3).

The circuit in Figure 4 includes an
optical-feedback loop based on Intersil’s
(www.intersil.com) ISL29000 light-to-
current optical sensor, IC,, which senses
changes in the LEDs’ light output and

Sequencer controls power supplies’

turn-on and turn-off order
Eric Schlaepfer, Maxim Integrated Products Inc, Sunnyvale, CA

When a design based on mul-
tiple point-of-load dc/dc con-
verters requires a specific power-sup-
ply-start-up sequence, wiring each con-
verter’s power-good output to the next

converter’s enable input produces the
desired voltage cascade. Although this
approach works well for simple designs,
it fails to satisfy a requirement of many
modern microprocessors and DSPs:

decreases the feedback voltage applied
to IC,, the current controller, an Inter-
sil EL7630. The pulse-width-modulat-
ed controller then increases the LED-
drive current’s duty cycle, boosting the
LED current until the feedback voltage
reaches its nominal value. As ambient
temperature decreases, the LEDs’ light
output tends to increase, and IC, de-
livers a higher feedback voltage to the
controller, which responds by lowering
the duty cycle to decrease the LEDs’
current and thereby compensates for
the decrease in temperature.EDN

that, during shutdown, the power-sup-
ply rails switch off in reverse order. Al-
though various vendors provide pro-
grammable-sequencing ICs, these
components are usually too expensive

for cost-sensitive applications.
Offering an alternative to program-
mable-sequencing ICs, the circuit of
Figure 1 can sequence and cheaply
(continued on pg 92)
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Figure 1 Comprising a pair of inexpensive ICs, this circuit applies four supply voltages in a specified order at power-up
and then removes them in reverse order at power-down.
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Dual Current-Sense Amplifiers Simplify H-Bridge Load Monitoring

Design Note 407
Jon Munson

Introduction

The H-bridge power-transistor topology is increasingly
popular as a means of driving motors and other loads bi-
directionally from a single supply potential. In most cases
there is great benefit in monitoring the current delivered
to the load and utilizing this information in real-time to
provide operational feedback to a control system. In most
new designs, pulse-width-modulation (PWM) techniques
are used to provide highly efficientvariable power-delivery,
but this places extremely fast voltage transitions at both
terminals of the load and therefore complicates the instru-
mentation problem. New high side currentsense amplifiers
from Linear Technology can simplify this problem.

Measuring Load Current in the H-Bridge

The classical approach to load monitoring is to place a
small value sense-resistance in series with the load that
can develop a measurable voltage drop representing the
load current (see Figure 1). The difficulty here is that with
PWM activity, the common mode voltage at the sense
resistor has nasty voltage transitions that can corrupt the
senseamplifier operation with high frequency hash. While
this hash can be filtered to recover useful low frequency
information, the ability to provide fast fault protection
is then lost. Additionally, this “flying” sense resistor
configuration is unable to monitor switch shoot-through
current, leaving many important fault modes undetected
or unmanaged (failed switch function, for example).

Figure 1. Classical Load Sensing Problematic with PWM

A far more practical method is to monitor the supply
current fed to each half-bridge as shown in Figure 2.
This scheme provides several benefits that simplify and
improve the circuit performance. The main improvement
comes from having the sense resistors at a relatively
constant common mode voltage (i.e., the power supply
voltage) so that fidelity of the PWM current waveform
can be preserved. Additionally, by monitoring each half-
bridge individually at the supply side, both failed power
device operation and load shorts to ground are readily
detected and manageable.

By using PWM logic that generates “sign-magnitude”
control, one of the half-bridges is in a 100% pull high
condition (depending on the direction or polarity of drive).
The load current equals the current delivered through the
100% (fully on) switch, unaffected by the duty cycle of
the PWM activity on the other half-bridge. This permits
simplereconstruction ofthe load currentwaveform using
suitable high side sense amplification techniques.

The Simple Solution

The LTC6103 and LTC6104 dual high side sense amplifiers
areideal for performing the H-bridge monitoring function.
Both parts include two current sense input channels and

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

Figure 2. PWM-Compatible H-Bridge Load Sensing

00707




furnish either two unidirectional outputs (LTC6103) or a
single bidirectional output (LTC6104). Since each current
sense channel operates in a unidirectional fashion, only
the current from the fully on half-bridge is monitored.

Since the current pulses in the other hali-bridge are in
the opposite direction, that amplifier channel remains in
a cutoff condition and does not impact the reading. This
means that the output signals only reflect the fully-on
half-bridge current, which is identical to the controlled
load current.

Withtheir fast (microsecond level) response times, these
parts also offer overload sensing, thereby providing the
ability to signal power device protection circuits in the
event of fault conditions. Both parts are furnished in tiny
MSOP-8 packages for compact layouts and can operate
with up to 60V power supply potentials. With their 70V
transient capability, the need for additional surge sup-
pression components is eliminated in harsh automotive
applications.

The dual outputs of the LTC6103 can be used individually
to provide overload detection, and/or may be taken as
a differential pair to provide a bidirectional signal to an
analog-to-digital converter (ADC) for example. Figure 3
shows a typical circuit for a generic H-bridge application.
The power devices may be complementary MOSFETS,
pure N-MOSFETs, or other switching devices. When the

4 DIFFERENTIAL
<S10m  oTpUT =
b 42 5V FS (+104 F5)

=

“USE "SIBN-MABNITUDE" PWHM FOR ACCURATE
LOAD GURRENT CONTROL AND MEASUREMENT

Figure 3. LTCG6103 Provides Bidirectional H-Bridge
Monitoring with ADC-Friendly Differential Output

Data Sheet Download

www.linear.com

bridge drives the load (a motor assumed in the example
shown), one of the LTC6103 outputs rises above ground,
while the other remains pulled down to ground, thereby
forming an accurate bidirectional differential output with
a common mode voltage that never falls below ground.
The selection of output resistance (4.99k in the example)
can be scaled to satisfy the source-impedance require-
ment of any ADC.

As an alternative, the output structure of the LTC6104
provides asingle bidirectional signal. The output connec-
tion can either source or sink current to a load resistance,
depending onwhichinput channelis sensing current flow.
A negative-going output swing remains linear as long
as Pin 4 (V-) is lower than the lowest expected output
level by at least 0.5V. This condition is met if the load
resistance is returned toa suitable reference voltage while
Pin 4 is grounded (as shown in the Figure 4 example).
The output resistance could also be returned directly to
ground to form a true bipolar output if Pin 4 is tied to a
suitable negative supply, such as -3V.

Conclusion

Designing a load current monitor for an H-bridge power
driver is not difficult if you have the right amplifier. The
LTC6103 and LTC6104 fit the bill. They include dual
sense inputs and a choice of two different output con-
figurations—features that reduce complexity and printed
circuit area.

TO 18V 01uF

VBATTERY 4 =
(W TO B0V 1uF

Lriree-25 JE |_.L
:t1ﬂm "i 2| 498k
S e

—\
Vi = 2.5V 42V (+10A F8)

*USE "SIGN-MAGNITUDE* PWM FOR ACCURATE
LDAD CURRENT CONTROL AND MEASUREMENT

Figure 4. LTCG6104 Provides Bidirectional H-Bridge
Monitoring with Single-Ended Outpul

For applications help,
call (408) 432-1900, Ext. 2020

Linear Technology Corporation
1630 McCarthy Bivd., Milpitas, CA 95035-7417
(408) 432-1900 = FAX: (408) 434-0507 ® www.linear.com
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(continued from pg 88)

and effectively monitor four power-
supply rails. Four dc/dc power supplies
provide the application circuit with
3.3,2.5, 1.8, and 1.2V. A quad super-
visor circuit, IC,, monitors each rail,
generating the master POK (power-
OK) signal and ensuring that, during
power-up, the next supply in the se-
quence does not turn on until the pre-
ceding supply voltage is valid. Using an
RC circuit comprising R, R,, R, and
C,, a second quad supervisor, IC,, cre-
ates the power-up and power-down se-
quences. Each supervisor’s internal-
ly preset voltage threshold eliminates
the need for external resistive-voltage
dividers.

Connecting the power-on/off signal
to 5V initiates a power-up sequence,
which charges C, through R.. As the
capacitor’s voltage gradually exceeds
1.2, 1.8, 2.5, and 3.3V, each of IC s
corresponding open-drain outputs
floats, thereby allowing the power sup-
plies to turn on in the prescribed se-
quence. After a time delay, which C,
sets, and after all four supplies turn on,
the POK signal asserts—that is, goes
high.

To monitor the supply rails, allow

Use dual op amp

DC-DC Enable 1

§ix

. NCDCEnable2

DC.DC Enmbla 3

-

Cocacewses |

5v/DIV
POK ]
Chi 5.00V - Ch2 5.00V | M2.00ms A Chl S 2.20%
Ch3l s5.00V Ch4 S5.00V J' Chs s5.00V
: T iv9.32000ms
2 mSEC/DIV

Figure 2 Beginning with a dc/dc converter, the circuit in Figure 1 switches on
three additional converters in sequence and generates a POK signal. Pulling
the circuit's on/off input low removes the POK signal and switches off all four

converters in reverse order.

the power-on/off-control input to float.
Resistors R and R sustain the voltage
across C, and maintain the POK sig-
nal high to keep the power supplies on.
When an output-voltage fault occurs,
POK rapidly deasserts, discharging C,

through R, and shutting off all of the

In an instrumentation amp

Jerald Graeme, Burr-Brown Corp, Tucson, AZ

Editor’s note: Here’s an oldie but good-
ie. EDN editors regularly field requests for
copies of articles that predate our online
archives (www.edn.com/archives). But
this Design Idea from our Feb 20, 1986,
issue has generated many more requests
than normal. We aren’t sure how readers
know of this Design Idea, but its endur-
ing popularity has led us to publish it once
again, and now it will be available in our
online archives.

Although monolithic instru-

mentation amplifiers are more
cost-effective than their discrete and
modular predecessors, the limited va-
riety of monolithic instrumentation
amps restricts their use. You can widen

| JANUARY 18, 2007

your options, however, by deriving the
differential response of an instrumenta-
tion amplifier from a dual op amp (Fig-
ure 1). The circuit uses FET-input op
amps to provide lower noise and lower
input-bias currents than monolithic
instrumentation amps can offer.

In Figure 1, feedback networks for
the two op amps are interconnected to
establish IC ; as an inverting amplifier
in the feedback path of IC ,. Each am-
plifier provides an external signal input
with the high impedance expected of
an instrumentation amplifier. (Input-
bias currents for this circuit are 2 pA
at 25°C.)

Feedback from each amplifier forces

power supplies. To remove power in an
orderly sequence, connect the power-
on/off signal to ground. Capacitor C,
discharges through R, and also through
R, when POK deasserts, turning off
each power supply in reverse order
(Figure 2).Epn

avoltage (V, —V,) across the gain-set-
ting resistor R .. Signal current in the
combined feedback path is thus propor-
tional to the differential input voltage
and inversely related to R .. The out-
put voltage, V., equals G(V, =V )—
that is, Vi =2(1+R/R )(V, = V,).
You choose R, for the desired gain
G, which may range from a value of
2 (R, omitted) to a maximum that
is limited only by the op amps’ open-
loop gain, the allowable gain error, and
the required bandwidth. The Figure 1
circuit provides a 2-kHz bandwidth at
a gain of 2000; in general, the band-
width is about 2 MHz/G. What’s more,
the output offset equals the difference
in op-amp offsets multiplied by G.
The dc CMR (common-mode rejec-
tion) is an important spec for instru-
mentation amps; in Figure 1, CMR de-
pends primarily on matching values for

the four resistors labeled R. DC CMRR
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(common-mode rejection ratio) is the | and common-mode signals) has a = R )(V,—2V,)—must remain within
reciprocal of the net fractional resistor | wider swing than V_ . Consequent- = the op amp’s common-mode range to
mismatch; that is, 10,000-to-1 (=80 ' ly, this output—equal to 2V +(R/ | ensure linear operation.EpN

dB) for a 0.01% mismatch. AC CMR,

on the other hand, is limited by the op
amps’ unequal feedback factors. The v, O—\
network within the shaded region lets IC;a

o—O Vour
you compensate for the effect of un- /
R R
equal feedback factors where neces- G 10k
R

sary—in applications in which the fre-
quency of common-mode voltage ex-
ceeds the useful frequency range for 10k 10k
signals. W YW—9

Finally, note that op amp IC’s g
output (the combined differential 10k :

Correction: In the print version of the
Dec 15, 2006, Design Idea “Magnetic-

field probe requires few components,” V2O !
we inadvertently omitted the byline 10k£
of one of the Design Idea’s primary NOTES: I (- '
. Vour=2(1+R/Rg)(V, —V,). 50 pF
thors: San M Satav. Y n outr /1T Vo —
authors: Sandeep M Satav. You ca 1IClS AN OPAS111. =

read this Design Idea and see the cor-
rect bylines online at www.edn.com/
article/CA6399102. We apologize for

Figure 1 You can build an instrumentation amplifier by providing a common
the error.

feedback path for the two sides of a dual op amp.
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switches and full overcurrent and thermal protection. Programmable and synchronizable frequency from
300kHz to 1MHz, as well as programmable soft-start and current limit, make the MAX8654 useful for many
applications. A 180° SYNC output can be used as a second converter for out-of-phase operation, reducing
input capacitance and noise. PGOOD and EN facilitate sequencing, and REFIN can be used for tracking
another voltage or for termination, such as in DDR1 and DDR2 applications.
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Features Applications
4 +1% Qutput Accuracy 4 All-Ceramic Capacitor Design 4 ASIC/DSP/CPU Core Voltages
4 4.5V to 14V Input Supply 4 REFIN for Tracking and DDR 4 DDR Termination
4 0.6V 1o (0.85x V) Termination 4 Memory Power Supply
Adjustable Output 4 PGOOD a_nd ENABLE for  Telecom/Datacom Power
 300kHz to 1MHz Adjustable Sequencing Supply
Switching or SYNC Input 4 36-Pin, 6m_m x 6mm TQFN o Industrial Power Supply
Package with Exposed Pad

4 Point-of-Load Power Supply

INAKXI MV

www.maxim-ic.com

FREE Power Supplies Design Guide—Sent Within 24 Hours!

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.—5:00 p.m. PT)
For a Design Guide or Free Sample

MAXIN/B

NOW. = ayneT

AAROW ELECTRONICS, NG electronics marketing

1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.
© 2007 Maxim Integrated Products, Inc. All rights reserved.



Wow! Jameco just added 65,000
new major-brand products!

The industry’s fastest Check out these new
growing product offering! and expanded lines:
You know that Jameco’s catalog

always offers over 99% in-stock AlcoSwitch - AMP
availability—the best of any elec- Amphenol Connex

tronic components distributor...
And now, they have the
fastest growing product offering Comair Rotron
in the industry!
They've just added another

65,000 new parts to their online Fairchild
catalog; and it’s everything Intersil :
from ICs to passives, optos to Maxim
interconnects, power supplies Molex
to electromechanical.

Power-One

Service & Availability!
As Design Engineers
know, Jameco offers great
service, selection and
same-day shipping!

Now you can get those
same benefits for even
more great brands...

Tyco Electronics

Get it here. Right now:
‘ Jameco.com/EN3

.

" Great Products.
Awesome Prices.

JAMECO

ELECTRONICS
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Miniature, bayonet-based LED bulb supports a wide
voltage range

Aiming at panel-mount switch-gear applications, including elevators, utility

plants, water-treatment plants, and aviation, the Bi-Polar B321-XIW min-
iature, bayonet-based LED makes the positive and negative lead a nonfactor. Fea-
tures include a 6 to 48V-dc operating voltage, a 6500-mcd brightness, and a 40°
viewing angle. The 9-mm Smart B321 LED bulb costs $9.70 (five).

LEDtronics, www.ledtronics.com

Charge pump combines
dual low-dropout regula-
tors and serial interfaces

Targeting portable systems using

lithium-ion/polymer  batteries,
the 600-mA AAT2842 charge pump
combines dual low-dropout linear reg-
ulators and ser- o
ial-digital  in-
terfaces,  pro-
viding indepen- =
dent control of (f 3
LED functions. 't o5 & /.
Two S’Cwire (Simple Serial Control)
serial-digital interfaces allow design-
ers to independently drive four LEDs
for backlight display or keypad appli-
cations and four LEDs for high-current

flash applications. The AAT2842 costs
$1.75 (1000).

Advanced Analogic Technologies,
www.analogictech.com

Fiber-optic LED
transmitters have an

850-nm GaAlAs LED

The OPF670 optical-coupling se-

ries of fiber-optical LED transmit-
ters allow integration into data-commu-
nications equipment. This LED-trans-
mitter family includes the OPF670 in a
TO-46 package, the OPF672 in a stan-
dard-profile metal package, and the
OPF673 in a low-profile metal package.
The devices can launch optical power

into 50/125- or 62.5/125-micron-diam-
eter, multimode fibers and comprise an
850-nm GaAlAs (gallium-aluminum-ar-
senide) LED. Prices for the OPF670 se-
ries range from $5.75 to $12.25 (1000).
Optek Technology, www.optekinc.com

Digital optocoupler suits
hybrid-electric vehicles

Targeting hybrid-electric  vehi-

cles, the 10-Mbaud ACPL-M61T
digital-interface optocoupler supports
requirements of networking-, commu-
nication-, and system-management ap-
plications. The high-speed optocoupler
features an enhanced wire-bonding pro-
cess and an improved lead frame, im-
proving reliability and heat dissipation.
A high common-mode-rejection ratio
provides high immunity to transient
noises, EMI, and ground-loop elimina-
tions. Offering a —40 to +125°C tem-
perature range, the ACPL-M61T costs
$2.50 (10,000).
Avago Technologies, www.avagotech.
com

LED-driver controller
targets rapid
LED-current transients
Aiming at rapid LED-current tran-
sients as high as 20A /msec and a 30-
kHz dimming frequency, the MAX16818
LED-driver controller targets projection
and lighting applications. Average cur-
rent-mode control, synchronous gate-
drive circuitry, and a wide switching-fre-
quency range allow the device to drive
high-power LEDs in light sources includ-
ing projectors, home-theater systems,
rear-projection TVs, and automotive-
and industrial-lighting fixtures. Avail-
able in a 5X5X0.8-mm TQFN-28 pack-
age, the MAX16818ETE+ costs $1.82.
Maxim Integrated Products, www.
maxim-ic.com
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*Over 2500 Std.
DC-DC Converters
*Surface Mount
*From 2V to
10,000 VDC Output
*1-300 Watt Modules
*lsolated/Regulated/
Programmable Models
Available
*Military Upgrades Available
*Custom Models,

Consult Factory

ediate|y

see full lec jcs-CcO
www-P For
B Engineering
*@ s Assistance
Call Factory
si\‘} or send direct

for FREE PICO Catalog
Call toll free 800-431-1064
in NY call 914-738-1400
Fax 914-738-8225
P I C O Electronics,Inc.
143 Sparks Ave. Pelham, N.Y. 10803-18889
INDUSTRIAL ¢ COTS * MILITARY
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LED ballaster drives 24 LEDs
Delivering uniform LED brightness, the LT3003 LED ballaster drives three

strings of eight LEDs each at a 3%-accurate current matching. Operating on
a 3 to 40V input-voltage range, the device drives 24 LEDs at 350 mA each and
features a 3000-to-1 dimming capability. The devices operate in buck, boost, and
buck-boost modes. Buck-boost mode allows LEDs to return to the input supply in

applications with an input supply that varies above and below the output voltage of
the LED strings. The LT3003 costs $1.16 (1000).

Linear Technology, www.linear.com

COMPUTERS AND PERIPHERALS

Controllers, adapter con-
nect devices to desktop

N The IDE JBOD/RAID (just a
bunch of disks/redundant array
of inexpensive disks) PCle (PCI Ex-
press) controller adds an extra channel,
RAID capability, and JBOD capability
to any desktop system, and you can in-
stall it in the PCle slot of either a stan-
dard-height or a low-profile PC. The
firmware enables setup of the two hard
drives as RAID 1 for real-time backup,
as RAID 0 for high performance, or as
JBOD to combine the capacity of the
two hard drives into one large volume.
The USB 2.0-to-eSATA (External Se-
rial Advanced Technology Attach-
ment) adapter is compatible with port
multipliers. The PCle ExpressCard con-
troller provides a way to add an Express-
Card socket to any desktop. The IDE
JBOD/RAID PCle controller and the
USB 2.0-to-eSATA adapter cost $29.95
each. The PCle ExpressCard controller
costs $32.95.
Addonics Technologies, www.
addonics.com

DVD-RAM drive features a
high-speed USB interface

Measuring 5.43X6.38X0.87 in.
and weighing less than 1 Ib, the
PX-608U portable DVD*=R/RW CD-R/
RW drive has a 2-Mbyte buffer and buf-
fer-underrun-proof technology. The de-

vice supports 5X DVD-RAM and of-
fers as much as 9.4 Gbytes of storage
per double-sided disc. The device also
has recording speeds of 8X DVD=R on
single-layer media and 4X DVD=*R on
double- and dual-layer media. The drives
support 8X DVD+RW, 6X DVD+
RW, 8X maximum DVD-ROM, and
24X CD-R/RW/ROM. The PX-608U
costs $199.99.

Plextor, www.plextor.com

High-performance
monitors feature
high contrast ratio

The 17-in. SyncMaster 731BF and

19-in. 931BF monitors feature a
2000-to-1 dynamic-contrast ratio with a
2-psec response time. The 19-in. 971P
features a 1500-to-1 contrast ratio, a 6-
wsec response time, a 178/178° view-
ing angle, and a 1280X1024-pixel res-
olution. The SyncMaster 971P, 731BE,
and 931BF cost $379.99, $249.99, and
$299.99, respectively.

Samsung, www.samsung.com

Hard drive comes
with Retrospect

Express software
Packaged with an eSATA (Ex-
ternal Serial Advanced Technol-

ogy Attachment) PCI card and cable,
the 320-Gbyte eSATA/USB also comes



—

NEXXIM®
Time and frequency-domain circuit simulation to predict multi-gigabit channel performance
including S-parameters and transistor-level effects of drivers and receivers

HFSS"/Q3D EXTRACTOR®
GHz-accurate S-parameter and Full-Wave Spice™ models for complex trace routing, vias and
transitions, connectors and IC packages

SiwavEeE™ FI'
Full-board and full-package interconnect extraction for signal and power-integrity analysis MSO

DESIGNERSI™ ANSOFT.COM
System-level signal integrity analysis with dynamic links to Nexxim and HFSS
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with a USB 2.0 cable, a power
cable, a quick-start guide, and
aCD. The 320-Gbyte eSATA/
USB costs $239.95.

lomega Corp, www.
iomega.com

1-Tbyte external-

storage system has

two RAID options
Shipped in the RAID

(redundant array of in-
expensive disks) O setting,
the user-serviceable My Book
Pro Edition Il consumes less
than 26 in.? of desk space and
includes EMC Retrospect
Express Version 7.5 backup
and system-recovery software.

Users can set the device to
reserve half of its capacity to
mirror users’ data in real time
using the RAID 1 setting.
The device also has FireWire
800, FireWire 400, and USB
2.0 interfaces. The My Book
Pro Edition II costs $549.
Western Digital Corp, www.
westerndigital.com

Monitor has high
NTSC color gamut

Featuring nearly 100° of
NTSC color gamut for
CCFL (cold-cathode-fluores-
cent-lamp) displays, the 19-in.
SyncMaster has a 2000-to-1
contrast ratio. The TFT (thin-

888-941-2224

WWW.arcam.com

Tight secullrjlty...

|EI'COITI

Think Embedded. Think Arcom.

©,

100 EDN
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film-transistor) LCD monitor
also offers a 2-usec response
time. The SyncMaster 931C
costs $299.99.

Samsung, www.samsung.
com

Cards have
effective data

rate of 2 GHz

With a 2-GHz effec-

tive data rate, the Rad-
eon X1950 XTX and X1950
CrossFire Edition graphics
cards employ GDDR4 (series
four of graphics-double-den-
sity-rate) memory technol-

ogy. The X1950 series cards
each cost $449.

ATI Technologies, www.ati.
com

Monitor integrates
down-firing
speakers

Offering a 5-msec re-

sponse time, the LCD-
195WVXM monitor features
a 1440X900-pixel native res-
olution and comes in a black
cabinet. The LCD195WVXM
monitor costs $284.99.
NEC Display Solutions,
www.necdisplay.com

TEST AND MEASUREMENT

In-circuit
emulator has

easy-to-use GUI
Supporting  develop-
ment of embedded-sys-
tem applications based on the
vendor’s TLCS-870/C series
microcontrollers, the in-cir-
cuit RTE870/C light emula-
tor includes debugger software
with an easy-to-use interface.
The software allows develop-
ers to quickly identify and fix
software problems by setting
breakpoints and event trig-
gers, stepping through code,
and activating trace func-
tions with 1280-frame ca-
pacity. A timer function pro-
vides 1 wsec of resolution for
71 minutes and 100 nsec of
resolution for seven minutes.
The RTE870/C light emula-
tor costs $800.
Toshiba America Electronic
Components, www.toshiba.
com

Debugging
emulator replaces

previous model

The on-chip E8a de-

bugging emulator re-
places the vendor’s previous
E8 model. The tool allows C
source-level debugging with
an M16C, HS8/Tiny, or H8/
Super-low power series mi-
crontrollers, operating at full
speed in the system. Devel-
opers of embedded systems
can also combine the device
with the FDT (flash-devel-
opment-tool-kit)  software
for use as a programmer for
loading code into the inter-
nal flash memory in most of
the vendor’s microcontroller
families. The E8a emulator
comes with a USB-interface
cable, a user-interface cable,
and interface software and
costs $125.
Renesas Technology Ameri-
ca, www.renesas.com
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High Ambient / High Watt Dissipation / Low Air Flow

Bergquist S-Class Gap Pad®

'?' ‘ Gap Pad S-Class is perfectly suited  Ultra soft S-Class integrity offers easy application.
for high Pef'fo"mam:e applications Gap Pad S-Class has a natural tack that eliminates the need for
such as VRMs, BGAs and ASICs. additional adhesive layers that can inhibit thermal performance. fts super
Bergquist's S-Class material is the perfect soft, yet elastic nature provides excellent interfacing and wet-out, even to
combination of softness and high thermal con-  surfaces with high roughness or topography. Gap Pad S-Class features
ductivity. With a low bulk Shore (00) hardness  an embedded-fiberglass reinforcement that makes it puncture, shear and
nom===— tear resistant. No tearing, flaking or crumbling — just
~ dean and easy handling during the assembly process.

~_ FREE S-Class swatch kit.

Visit our web site or call to

Gap Pad S-Class has natural tack making
its application clean and easy to handle. I"dNZE from 20 to 30 and

thermal conductivity from 2 to 3 W/m-K these materials
conform to demanding contours while maintaining their
structural integrity. They are an ideal gap filling solution

for applications with fragile components that can be ‘
damaged by higher mounting pressures. Gap Pad S-Class qualify for your FREE

, ‘ ‘ S-Class swatch kit
is also an excellent solution for CD/DVD drives, Memory  Excelient interfacing and wet-out makes Gap Pad . :

: S-Class ideal for fragile components with demanding with p?"OdUC‘t detalls. L
mOdUIGS' and PC boards to chassws. contours and stack-up tolerances.

FREE Gap Pad S-Class
Swatch Kit

Call 1.800.347.4572 or visit www.bergquistcompany.com/coolrun

(BERGOUIST)

18930 West 78th Street * Chanhassen, MN 55317 ¢« A ISO9001:2000 registered facility
(800) 347-4572 » Phone (952) 835-2322 « Fax (952) 835-0430 « www.bergquistcompany.com

Thermal Products « Membrane Switches ¢« Touch Screens ¢ Electronics ¢ Labels and Graphic Overlays



World’s Smallest Programmabl/e Power Supply

Monitor/Sequencer/Reset ICs

Quad monitor/sequencer/resets combine integration and flexibility
Long-duration reset input for manual push-button applications

VDD 2.7- 5.5V~ nc:uc

Vth1

Enable Output

BCIbC
L4 2

o
Enable
: . Y N
; : : Feed 3 > P Channel 3
: : Output
: Enable
: 7y

. Feed 4 > Channel 4

—  ——— -— —
Td1 Td2 Td3 Tdr nable

Reset#
| A 4 h 4 A

Sense1 EN2 Sense2 EN3 Sense3 EN4

Vth4

Vth3

Vth2

¥

Ground VDD  Output Output Output

Shipped with your “custom parameters” already il
. Reset# Output
programmed. No extra manufacturing steps! SMS11

Single Summit device adjusts to many voltages and time delays;
outperforms dozens of “fixed” competitor part numbers!

SMS11 Quad Sequencer/Reset SMR101 Dual Reset

CIUEYRM LTC2924 | ISL612x | MAX687x C1ISLI LTC295x | I1SL8801x [ MAX644x
EEPROM Programming? Y N N Y o EEPROM Programming? Y N N N
# of EN Outputs 4 4 4 5) ) |# of Reset Outputs 2 1 1 2
# of Voltage Monitors 4 4 4 4 ﬂ Reset Timeout Prog | Capacitor | Capacitor Fixed
Voltage Monitor Threshold| Prog | Resistors | Resistors Prog C  |# of Voltage Monitors 1 0 1 1or2
Sequencing Order/Delay Prog | Capacitor | Capacitor Prog g Voltage Monitor Threshold Prog N/A Fixed |Fixed/Resistor|
Reset Timeout Prog | Capacitor | Capacitor Prog O |Long Duration Manual Reset?| Prog N N Fixed
# External components 0 13 17 5 < Long Duration Input Range (s)| 0.125-40 N/A N/A 6.72
Typ. Oper. Current (UA) 200 1500 140 1800 E  |#Extemal components 0 3 B 3
Package Type CSP-8 | SSOP-16 | QFN-24 | QFN-36 £ Package Type CSP-6 DFN-8 | SOT-23 SOT-23
Package Size (mm) 1.4x2.5 6x5 4x4 6x6 € Package Size (mm) 1.2x1.8 3x2 3x3 3x3
Price $ (1K est.) $ 2.00($ 265/ % 287 $ 6.39 “5, Price $ (1K est.) $ 09[$ 175(3% 09 $ 1.25

World’s smallest

World’s smallest (TN i reset IC! Competitor's [
quad sequencer! . SOT-23 S
1 En "
Competitor's é
S M8mm” Y 3.0mm 7
- $, €1I CSP packages and zero external
3 ¥ . components cut footprint 60%-90%!
2.5mm 6.0mm >
— _ For more information see:
Applications = www.summitmicro.com
* Handheld GPS Terminals
* Wireless LAN/WAN Cards ,
& SUMMIT
* PDA/Smartphones A
* Digital Cameras/Camcorders % - MICROELECTRON!CS’ Irlc'
- Portable Media Players/Games == Programmable Power for a Digital World
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Audio/video decoder
integrates a
3-D-comb filter

Integrating the functions of mul-

tiple devices, the CX25845 audio/
video decoder features a multiformat
video decoder, a 3-D-comb filter, and
a worldwide-broadcast audio decod-
er. The device also includes integrated
SDRAM, enabling pin-for-pin compat-
ibility with the previous generation’s
CX25480/1/2/3 product family. Avail-
able in a lead-free ETQFP (exposed-
thin-quad-flat-pack)-80, the CX25845
costs $8.
Conexant Systems, www.conexant.
com

Low-cost, floating-point
DSP includes

a preloaded ROM

N Running at 200 MHz, the TMS-

320C6720 DSP  includes 64
kbytes of on-chip RAM, a 32-kbyte in-
struction cache, and a 384-kbyte ROM.
The ROM comes preloaded with DSP/
BIOS, a real-time DSP kernel, and DSP
libraries of commonly used functions.
The device also features a dMax DMA
engine. Pin-for-pin compatible with the
TMS320C6722 and TMS320C6726
DSPs, the TMS320C6720 costs $5.75.
Texas Instruments, www.ti.com

Processor family doubles
internal-bus bandwidth

Targeting automotive applica-

tions, the ADSP-BF54x family
provides an increased I/O and mem-
ory bandwidth, on-chip memory, and
integration of CAN (controller-area-
network) and MOST (media-oriented-
system-transport) peripherals. Joining
the Blackfin series, the family embeds
Lockbox Secure technology, protect-
ing developers’ software code. Addi-
tional features include increased inter-

nal-bus bandwidth to 532 Mbps and as

much as 260 kbps of on-chip memory.
Available in 400-, 533-, and 600-MH:z
operating speeds, the ADSP-BF542
costs $11.95 to $15.65. The ADSP-
BF544 comes in 400- and 533-MHz

options, and prices range from $13.25

to $15.35. The ADSP-BF548 comes in
533- and 600-MHz options, and pric-
es range from $15.95 to $17.95. The
ADSP-BF549 comes with 533-MHz
speed and costs $18.58.

Analog Devices, www.analog.com

©1,000 New Products « Imperial & Metric * Full Color
Brand New! The most complete, easy-to-use catalog of quality

ssured SMT and THM interconnect components and electronic
hardware available to the industry.
Published in full color with color-coded product sections, 3D color

renderings, color photographs, along with engineering drawings, full

RoHS Compliant ~ 1S0 9001 Certified

KEYSTONE
ELECTRONICS CORP

(718) 956-8900 * (800) 221-5510 = FAX (718) 956-9040
e-mail: kec@keyelco.com Websi_te;‘l(eyelco.com
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ProtoMat® S-Series N ‘75-024
T . okin Corp
PCB Mlllmg Machmes Noritake Co Inc Elec Div 40
Electrical engineers agree: with a Protomat S-Series 7 il ol ) gﬁ
prototypmg machine at your.3|de, you'll arrive at the i Rerlmies 15
best solutions, fast. These highly accurate benchtop ReEleain RESSEEn 105
PCB milling machines eliminate bread-boarding and Renesas Technology Corp 37
allow you to create real, repeatable test circuits— Samtec USA 78
including plated vias—in minutes, not days. Summit Microelectronics 102
Tech Tools 105
e Declare your independence from hoard houses Texas Instruments 27
29
o Affordable, entry-level price tag 72-A-B
® Toshiba America 66
 The best milling speed, resolution, and accuracy Trilogy Design 105
in the industry _— Tyco Electronics Corp 43
Laser & Electronics e 6
o Single-sided, double-sided, and multilayered Xilinx Inc 72

machining without hazardous chemicals For complete details visit:
www.lpkfusa.com
e Optional vacuum table and autosearch camera or call:
for layer alignment 1-800-345-LLPKF
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PULSE GENERATORS
AND ACCESSORIES

* General purpose pulsers
* High speed pulsers
* Pulsed laser diode drivers
* Constant current pulsers
* Impulse generators
* Frequency dividers
* Semiconductor testers
* High voltage function generators
* Pulse amplifiers, accessories, and more!
Many models are available with IEEE-488.2 GPIB
and RS-232 computer control ports.
For data sheets, pricing & application notes, visit
www.avtechpulse.com

ph: 888-670-8729, or
+1-613-226-5772
fax: +1-613-226-2802
info@avtechpulse.com
www.avtechpulse.com

ELECTROSYSTEMS
SINCE 1975

How to keep track of it all?

Easily create and manage multi-level
parts lists and specs, calculate costs,
generate shopping and kit lists, print
labels, generate RFQs and POs and
much more...

_ Parts List Manager
Parts
vendnrs and Vendor Database

Get the full function DEMO at
www.trilogydesign.com

Trilogy Design / 200 Litton Dr, #330

Grass Valley, CA 95945 / '53':'-2?3 1985

mMart

" mﬂ[qnure& Analt
5 Irncluded ),

Modsil =158

Embedded Modems

It's Radicom for reliable, high-performance, simple
to implement Serial TTL, RS232, USB, PC/104 and
RF wireless modems, competitively priced.

Featured -

Pin-for-pin compatible
with SocketModem™
THK2.5" x10:27

Glohal compliance

Count on Radicom to reduce time-to-market,
lower cost, and improve product quality.

MRadicom

Affordabls Modem Technology

It
?ﬁ‘ Hesrdl

One size does not fit all.
And one solution don’t fit all!

» Development & Production Applications

» Surface Mount, Thru-hole, Compression Style

* BGA, LGA, CSP, QFP, MLF, SSOP, SOT and more!
» Bandwidth - up to 30 GHz

« 7 different socketing systems

* Ask about our "ASAP Service"
» Adapters and Receptacles too!

ASAP

SERVICE

DESIGNING SOLUTIONS. CONNECTING TECHNOLOGY. DELIVERING RESULTS. SINCE 1983

Learn more, visit us online:www.emulation.com/049

408-982-0660 « www.emulation.com

To advertise in Product Mart, call Alan Robinson at 408-345-4450

HIGH PERFORMANCE
SOCKETS & ADAPTERS

¢ Package Converters SOIC/DIP,
BGA/QFP, BGA/BGA and more

¢ 10 GHz Bandwidth BGA and QFN

¢ Heat Sinks available up to 100W

* Adapters for probing/test/prototype

¢ * Quick-Turn Complex Custom Adapters

¢ High Volume Production Adapters-BGA,

.Jg QFP and more
' o * SMT Package Emulation/Interconnect

Tel: (800) 404-0204 * Fax: (952) 229-8201
www.ironwoodelectronics.com

Front Panels?

Download the free Front Panel Designer
to design your front panels in minutes ...

Unrivaled in price and
quality for small orders
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EDITED BY RON WILSON

SCOPE

CHART YOUR COURSE

TO ANALOG VERSUS DIGITAL AT APEC 2007
The 22nd annual APEC (Applied Power Electronics
Conference, www.apec-conf.org/) kicks off at the
Disneyland Hotel in Anaheim, CA, on Feb 25. Billed
as the must-attend conference for anyone involved
in power electronics, APEC spans a range from the
traditional and mature to the near-science-fiction in
the power arena. Keynotes, for example, will include
Texas Instruments fellow Bob Mammano on the his-
tory of power electronics, Fairchild Semiconductor
President and Chief Executive Officer Mark
Thompson on the future of power semiconductors,
and, if that's not futuristic enough for you, Vatche
Vorperian from CalTech’s Jet Propulsion Laboratory
on “Power Electronics at the Extremes of Possibility”
Paper sessions will cover a similar range, this year
giving center stage to a faceoff between digital and
analog control of power circuits.

AT DOCUMENT-QUALITY PRINTING
A solenoid-operated slave typewriter permits
rapid recording of business and instrument data
transmitted to it, providing written records at up
to 11 characters per second. Produced by Un-
derwood Corp, the slave machine is equipped
with solenoids located in a compact control
unit beneath the keyboard. Each solenoid de-
presses its associated key in response to im-
pulses received through two miniature Cannon
connector plugs for each solenoid. A feedback
switch supplies a governing pulse back to the
transmitting instrument to ensure proper coor-
dination on character, space,
backspace, carriage-return,
and tab key actuation. So-
lenoid resistance is 10004,
and inductance is 0.77H at
100V dc and 100-mA drive.
—Electrical Design News,
January 1957

AROUND

AT THE GROWING INTEREST IN
DEVELOPING-COUNTRY ELECTRONICS

Most of us still think of personal electronics as an industrialized-
world phenomenon: a market that requires an affluent middle
class. But, as the affluent markets for high-end electronic gear
begin to saturate—as they are apparently beginning to do—more
and more attention is turning to electronics for the still-developing
world. The emergence of microfinance and the runaway success
of, for example, cellular-service providers in Africa, have demon-
strated that people with little income can still obtain and benefit
from cell phones, computers, Internet connections, and media
players. More important for vendors, they can make money provid-
ing these things. So, 2007 will be a year of low-end platforms,
particularly in cellular handsets and Internet-capable PCs. These
devices may provide some of the most interesting design chal-
lenges of the decade.
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A CODEC CHIP THAT

ACHIEVED 50% COMPRESSION
IN DEVELOPMENT TIME.

THAT’S MODEL-BASED DESIGN.

. ) The MathWorks

1 Acceleratlng the pace of engmeenng and sc:ence 5

To be first to market with a
next-generation mixed-signal
chip, the IC design team at
Realtek used system models to
continuously verify their design.
The result: 50% less time to
completion and a 50% market
share. To learn more and to
request the IBS study on Simulink
ROl in Electronic Design, visit
mathworks.com/mbd
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No code? No way.

Focus on your design and leave the coding to our
PSoC Express™ visual embedded design tool.

Without writing a single line of assembly or “C” code, generate TRY IT OUT NOW.

a complete custom design with PSoC Express. Here's what you

get with Version 2.1 of our visual embedded software: Whether you have a minute or an hour fo invest, we

have a way to get you working with PSoC Express:
= Support for our family of Programmable System-on-Chip™

(PSoC®) mixed-signal arrays—powerful, programmable = View our online PSoC Express demo:
digital and analog blocks with integrated MCU and www.cypress.com/expressdemo

flash memory
®  Request a FREE PSoC Express evaluation kit:

= Rich visual environment with simulation enables you to www.cypress.com/expresskit

see your design and evaluate its performance instantly ' ' )
m  Test drive PSoC Express at a live seminar near you:

= Builtin support for interdevice communication; seamlessly Wwww.cypress.com/expresstour

divide design problems into smaller pieces using multiple

PSoC devices = Download FREE PSoC Express software:

WWw.cypress.com/psocexpress
= Retarget to any PSoC mixed-signal array at any time;

design first and select device later .
Make dll your embedded designs fast and easy.

www.cypress.com/getexpress
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