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System-Level ESD Protection Devices

Space-saving, low capacitance solutions
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System-level ESD strikes are a constant threat to device reliability and functionality. Many low-voltage core chips
only offer device-level, human-body model (HBM) ESD protection, which doesn’t address the system-level risks.
TI's TPD family of stand-alone ESD devices provides space-saving and cost-effective solutions to protect the
system interconnects from external ESD strikes. For multiple external interfaces including video, audio and serial
data transfer, the TPD family offers IEC61000-4-2 level ESD protection.

# Supply Voltage 1/0 Level 1/0 Capacitance  Vggr
Device Channels (Vbp) ) (PF) (min) (V) Package Application
TPD2EO001 2 0.9-5.5 0-Vpp 1.5 11 SOT-5, SON-6 USB 2.0, RS-232 / RS-485
TPD3E001 3 0.9-5.5 0-Vpp 1.5 11 SOT-5, SON-6 USB OTG
TPD4E001 4 0.9-5.5 0-Vpp 15 11 SOT-6, SON-6 USB 2.0, Ethernet, Firewire, e-SATA, RS-232 / RS-485
TPD6E0O1 6 0.9-5.5 0-Vpp 1.5 11 QFN-10, QFN-12 USB 2.0, Ethernet, Firewire, e-SATA, RS-232 / RS-485
TPD4E004 4 0.9-5.5 0-Vpp 1.6 6 SOT-6, SON-6 USB 2.0, Ethernet, Firewire, e-SATA
TPDGE004 6 0.9-5.5 0-Vpp 1.6 6 QFN-8 USB 2.0, Ethernet, Firewire, e-SATA
TPD4S009 4 0.9-5.5 0-Vpp 0.9 9 S0T23-6, SC70-6, SON-6 e-SATA, LVDS signaling
TPD8S009 8 0.9-5.5 0-Vpp 0.9 9 SON-15 HDMI, DisplayPort
TPD12S520 12 0.9-5.5 0-Vpp 0.9 9 TSSOP-38 HDMI receiver port
TPD12S521 12 0.9-5.5 0-Vpp 0.9 9 TSSOP-38 HDMI transmit port

ESD

Solutions

www.ti.com/esd 1.800.477.8924 ext. 4498

I

Get samples and datasheets
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of parts in stock. Visit

www.digikey.com today
to see how many!
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Digi-Key Corporation purchases all product
directly from its original manufacturer.
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701 Brooks Ave. South ¢ Thief River Falls, MN 56701 « USA



< How Will You
“v Protect Your Circuits?

Circuit protection is a crucial part of any design decision today.

Automotive Sensors

No one understands that better than Bourns. We have developed

Circuit Protection Solutions the industry’s broadest line of circuit protection solutions — backed

Magnetic Products \; by a global team of technical experts. Our customers are assured
20
'V/

of finding the optimal solution for their application with Bourns’

Microelectronic Modules : . .
collective knowledge from years of circuit protection support.

Panel Controls & Encoders Beyond product depth and support, we have innovative new

technologies that solve tough design challenges. Bourns’ new gated

Precision Potentiometers
thyristors provide faster and more efficient protection that reduces

Resistive Products costs. Our symmetric gas discharge tubes regulate breakdown voltage

innovatively. And Bourns’ new polymer PTCs overcome voltage
variability to extend product life. In the New World of Bourns, we

have the technology to protect your circuits.

www.bourns.com/circuitprotection
© Bourns - the company you have relied on for more than 60 years.

BOURNS'

Built on Trust...Based on Innovation



Lowest Power High-Speed Amps

Fastest Dual Amplifier Portfolio Under 2mA

High-Performance Analog>>Your Way™

Quiescent current vs. slew rate vs. leading competitors

Exceptional quiescent current
and slew rate performance
enabled by Texas Instruments
Advanced Process Technology

O * Texas Instruments
O Leading Competitors
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Max. Quiescent Current {mA)

TI's low-power, wide output swing, dual-channel, voltage and current feedback operational amplifiers
deliver excellent bandwidth and slew rate, along with the industry’s best quiescent current consumption.
Whether you're designing for portable instrumentation, analog-to-digital buffers or low-power signal-
chain applications, Tl can provide your design with the performance characteristics required to win in the
marketplace. That’s High-Performance Analog>>Your Way™.

Description

250-V/ps voltage feedback amplifier consumes only 550 A of lp/ch. Device supports 115-MHz bandwidth with supply
voltage range of 2.6V to 12V and includes power-down option.

400-V/ps voltage feedback amplifier consumes only 1.25 mA of lp/ch. Device supports 250-MHz bandwidth with supply
voltage range of 3V to 12V and includes power-down option. Available in single channel (OPA890).

540-V/ps current feedback amplifier consumes only 1.05 mA of I/ch. Device supports 200-MHz bandwidth with supply
voltage range of 5V to 12V and includes power-down option. Available in single channel (OPAG83).

Device
/5?.";,7”” OPA2839
OPA2890
OPA2683
OPA2684

780-V/ps current feedback amplifier consumes only 1.95 mA of lp/ch. Device supports 250-MHz bandwidth with supply
voltage range of 5V to 12V. Available in quad-channel (OPA4684). Also available in single- and triple-channel (OPAG84,
0PA3684) with power-down feature.

www.ti.com/lowpoweramps 1.800.477.8924 ext.14518
Get samples and evaluation modules

I3 TEXAS
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High-Performance Analog >>Your Way and the platform bar are ks of Texas 2144A0 © 2008T/



ON Semiconductor now has the industry’s broadest selection of power efficient
solutions—your single source for everything from ASICs and ASSPs to standard ICs
and discrete components.

When it comes to power efficient solutions, ON Semiconductor is the one name to know. In addition to
providing a wide variety of discrete components and standard integrated circuits, ON Semiconductor now also
offers specialized solutions like custom ASICs, ASSPs, and power efficient GreenPoint™ reference designs.
No matter what your application is—ranging from medical to automotive and industrial to power supplies,
and everything in between—ON Semiconductor is the only resource you can be sure has a solution that’s
complete, effective, and efficient. Now that’s powerful.

GreenPoint is a trademark of SCILLC. All other brand names and logos are registered trademarks or trademarks of their respective holders.

~
Find your next power solution at www.onsemi.com/thepower ON Semiconductor® J



DisplayPort versus
HDMI: Do we really
need two digital-
display-interface
standards?

DisplayPort silicon is

beginning to appear

in PCs, LCD monitors,
and graphics cards. But it will prob-
ably be at least five years before
prices fall and volumes ramp
enough to challenge HDMI in con-
sumer electronics. by Ann R Thryft,

Contributing Technical Editor

contents
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Making the transition
from bit banger
to gigabit guru

As high-speed serial
interconnections infil-
trate technology,
system designers face a series
of new signal-integrity problems
to manage. by Eric Bogatin, PhD,
Bogatin Enterprises, and
Bill Hargin, Mentor Graphics

Silicon germanium:
fast, quiet, and
powerful

SiGe processes
can give analog-
circuit design-
ers fast, high-voltage transis-
tors with lownoise, whereas
BiCMOS SiGe fits into CMOS-
process flows.
by Paul Rako, Technical Editor
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Yo Add margining capabiity to a dc/dc converter

A better approach to designing an RTD interface with a spreadsheet
Shunt regulator monitors battery voltage
Power supply meets automotive-transient-voltage specs

Locked-sync sine generator covers three decades with low distortion
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See the bigger picture...

with feature-rich tools for debugging mixed signal designs.

DRO 30D DA S REAOECORS
posphos Oy
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A

Meet the latest addition to the family -
The NEW Tektronix DPO3000 Series.

UDD%%JEEG l a a
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MS04000 Series Mixed Signal Oscilloscopes DPO4000 Series Oscilloscopes NEW! DPO3000 Series Oscilloscopes
Performance Specifications Performance Specifications Performance Specifications

Models MS04032, MS04034, MS04054, MS04104 Models DP04104, DPO4054, DP04034 Models DP03054, DP03052, DPO3034, DPO3032, DPO3014, DPO3012
Bandwidth 1 GHz, 500 MHz, 350 MHz models Bandwidth 1 GHz, 500 MHz, 350 MHz models Bandwidth 500 MHz, 300 MHz, 100 MHz models

Channels 2 or 4 analog and 16 digital Channels 4 analog Channels 2 or 4 analog

Record Length 10 M points on all analog and digital channels Record Length 10 M points on all channels Record Length 5 M points on all channels

Sample Rate Up to 5 GS/s (analog) / Up to 16.5 GS/s (digital) Sample Rate Up to 5 GS/s on all channels Sample Rate 2.5 GS/s on all channels

Display 10.4 in. (264 mm) XGA Display 10.4in. (264 mm) XGA Display 9iin. (229 mm) WVGA widescreen

Serial Bus Trigger ~ I°C, SPI, RS-232/422/485/UART, CAN, LIN, FlexRay Serial Bus Trigger  IC, SPI, RS-232/422/485/UART, CAN, LIN, FlexRay Serial Bus Trigger I'C, SPI, RS-232/422/485/UART, CAN, LIN

and Decode and Decode and Decode

See more and solve faster with Tektronix DPO and MSO Series oscilloscopes. This feature-rich family
of oscilloscopes, with bandwidths up to 1 GHz, have the power and functionality to help make your
work easier. With Wave Inspector® you can easily search and navigate through uncompromised long
records; and large, high-resolution displays let you clearly see all on-screen data and catch glitches
you might otherwise have missed. Combine this with integrated serial trigger, decode and search,

and you will be debugging mixed signal designs faster and easier than ever before.

See more.

Try the virtual product demo at: Tektron/iX®

www.tektronix.com/bigpicture

Enabling Innovation

© 2008 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks and Wave Inspector is a trademark of Tektronix, Inc.
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External power adapter combines USB power PicoChip optimizes processor-array chips

with interchangeable ac plugs for femtocells

Innovation-aid software gets infusion Research Update: Lithium-polymer accumulator
of 1.3 million IEEE documents provides hybrid vehicles with staying power; Self-

LabView 8.6 adds wireless, enhances multicore assembling polymers may create tools for pattern-

and FPGA features ing storage media

24-bit delta-sigma ADC includes PGA
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Less Board Space
4 SON = 1 SOP4pin

Less On-resistance
5.50

Less Output capacitance
1.1pF

More performance!

Panasonic PhotoMOS™ relays deliver high reliability with stable
performance. The fastest switching speed, lowest capacitance
and, now, smallest package size ensure that PhotoMOS relays
meet the requirements of high performance switching applications.
Perfect for ATE, Instrumentation, Communications and Medical
equipment. If you’re looking to do more with less, we have your

relay. What more can we say?

Less is More

The smallest relay available!

SON (shown actual size)
et 2.2mm L x 2.95mm W x 1.4mm H
Footprint = 22%

. SSOP (shown actual size)
e i e e e w - 2.65mm L x 4.45mm W x 1.8mm H

oo o W W OO W e o=

e e e Footprint = 44%

SOP (shown actual size)

- E— s 43mm Lxddmm wx2mm

Footprint = 100%

FREE samples available at: info@us.pewg.panasonic.com

Panasonic Electric Works

Call: 800-276-6289
http://pewa.panasonic.com
info@us.pewg.panasonic.com

Panasonic ideas for life
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EXPANDED ENGINEERING COVERAGE PLUS DAILY NEWS, BLOGS, VIDEO, AND MORE.
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Check out these Web-exclusive articles:

Using low-cost CAT5 network cables
for video transmission
There are inherent problems in transmitting
a video signal over hundreds of meters of
CATb cable. Using equalization, as well as
a differential transmitter and receiver, can
help.

www.edn.com/article/CA65688229

Guest Opinion:
ESL moving faster toward reality
www.edn.com/article/CA6588565

Dual-core infotainment processor
gets upgrade to 1920 MIPS
www.edn.com/article/CA6589902

Synopsys leverages TCAD
for solar cells
www.edn.com/article/CA6591928

Dow Corning aims to decrease cost

of solar power with manufacturing

process
www.edn.com/article/CAB6591654

Win-win situation: Broadcom buys
AMD DTV unit
www.edn.com/080918toc1

GOT DATA
SHEETS?

EDN Part Search
does, for millions of
components.
=>www.edn.com/
partsearch

—
[

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

White spaces: ready for development
permits or off-limits?
Is wireless spectrum scarce or abundant?
Two coalitions’ fresh perspectives on a
long-standing issue have produced promis-
ing early results, but old-guard opponents
are raising implementation roadblocks.
www.edn.com/article/CA6582851

Prying Eyes: Revisiting electronic ink
www.edn.com/article/CA6582858

Tales from the Cube:
Dumping the noise
www.edn.com/article/CA6582870

Photo-sensing circuits: The eyes
of the electronic world are watching
www.edn.com/article/CA6582850

Free software encircles embedded
design
www.edn.com/article/CA6582852

High-voltage, low-noise dc/dc
converters
www.edn.com/article/CA6582859

JIM WILLIAMS ARCHIVE

An EDN contributor since the early 1980s, Linear
Technology's Jim Williams consistently turns out techni-

o s cal articles that rank

L near the top of our
Readers’ Choice lists.
Check out the new on-
line archive of Williams'
articles.
=>www.edn.com/
jimwilliams

High Density
and High

Performance

IR's Sup/RBuck™
Integrated Regulators deliver

benchmark efficiency for data
center and consumer applications

IR38xx Efficiency at 12V,y Single-Rail Operation
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Sup/RBuck Advantages:

e Integrates IR’s high performance
synchronous buck control ICs
and benchmark HEXFET® trench
technology MOSFETs

¢ 8-10% higher efficiency
compared to monolithic Power IC
two-stage solution

e High density compared to
equivalent discrete solution

For more information
call 1 800 981 8699 or visit us
at www.irf.com/dcdc

International

Rectitier

THE POWER MANAGEMENT LEADER
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EDN.COMMENT

BY BRIAN DIPERT, SENIOR TECHNICAL EDITOR

The turn of Apple’s worm:
Success accelerates its

stumbles

hen the news of Apple’s move to Intel became of-
ficial three-plus years ago, | remember that two
sequential thoughts rapidly flew through my head:
(1) Wow, this is going to really improve Apple’s
hardware competitiveness (cost, performance, and
power consumption), translating to some impres-
sive market-share growth over the next few years when coupled with
the security vulnerabilities of competitor Microsoft’s Windows XP, and

(2) Wow, Apple’s in trouble. The higher they climb, the harder they

tend to fall.

[ realize that these two statements
are seemingly contradictory. I've fol-
lowed Apple to one degree or anoth-
er through my EDN career (more so
in recent times). Before that, I also in-
teracted with the company in my role
as an applications engineer and man-
ager with Intel’s flash-memory group.
My consistent impression of Apple,
which others have also documented
over the years, is one of a company
immersed in a culture of control and
secrecy. The origins of this culture can
be traced to Chief Executive Officer
Steve Jobs.

Apple’s historically tight grasp on
hardware, operating system, and ap-
plications suites, these suites often
to the exclusion of third-party “part-
ners” (just ask Adobe, for example),
has led to a comparatively stable com-
puting platform as compared with
the Windows alternative. But the re-
sultant dearth of hardware, software,
and peripheral options (again, versus
Windows) has also historically acted
as a market-share cap. Now, howev-
er, a critical mass of consumers are fed

| SEPTEMBER 18, 2008

Apple is targeting a
much larger market
of Windows con-
verts, who expect
Windows-reminis-
cent ecosystem

diversity. ’

up with Windows. Apple hardware is
speedier, “battery-stingier,” and more
price-friendly than it's ever been,
thereby creating a “perfect storm” for
the company—but one that'll capsize
it if it’s not careful.

Paranoia was perhaps acceptable
when Apple sold its products to only
a few-market-share-percentage points’

D9

worth of perennial loyalists. Now,
however, Apple is targeting a much
larger market of Windows converts,
who expect Windows-reminiscent
ecosystem diversity. These converts
also expect a more stable software ex-
perience than could be found in their
Windows past, but they don’t realize
that the two aspirations are mutually
exclusive.

I own almost as much OS X-pow-
ered hardware as I do Windows-based
gear, so | feel qualified to comment
that the blizzard of regularly appearing
Apple-operating-system and -applica-
tion patches is at least as heavy as that
on the Windows side of the house, if
not more so. And just as with Win-
dows, Apple-offered updates regularly
go awry, get pulled (but not in time for
early adopters, who end up with DOA
hardware as a result), patched, and re-
posted.

As the OS X ecosystem expands,
Apple will out of necessity rely in-
creasingly on peripheral drivers and
other code supplied by third parties—
third-party code that is at the core of
most of the Windows stumbles that
users regularly and incorrectly blame
on Microsoft. And to that point, hy-
pocrisy is at the root of my early-Au-
gust DNS (Doman Name System) di-
atribe (see the original post at www.
edn.com/080918ed1). Apple’s TV
commercials, for example, gloating-
ly make fun of Windows’ “blue screen
of death,” security shortcomings, and
other issues. Yet, based on early indi-
cations in this era of the iPod halo ef-
fect, I see no evidence that Apple will
do any better in this regard; if any-
thing, I'll wager that the converse will
be the case.EbN

Contact me at bdipert@edn.com.

Go fo www.edn.com/080918ed and
click on Feedback Loop to post
a comment on this column.

Read more on this topic at www.
edn.com/080918ed2.




1000s of products,

1 goal: energy efficiency
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Energy-efficient solutions for designers. And their 6 billion neighbors.

From power analog and power discrefe products fo online
tools and FAEs, Fairchild has the resources you need to develop
energy-efficient designs for power-sensitive applications.

To download Fairchild’s Power Solutions Brochure, please visit
www.fairchildsemi.com/power.
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Analog Applications Journal

DESIGN BRIEF

Battery-Charger Front-End IC Improves
Charging-System Safety

By Mao Ye
Applications Engineer, Battery Management Applications

Introduction

Many types of adapters are available to charge the
lithium-ion (Li-ion) battery and power the system,
and their electrical specifications usually differ
from one manufacturer to another. This challenges
system designers to build portable devices that
will meet safety and reliability requirements when
used with different adapters. This article describes
a new battery-charger front-end (CFE) IC, the
Texas Instruments (T1) bg243xx, which is optimized
to improve the safety of charging Li-ion-powered
systems. Together with the battery-charger IC and
the protection module in a battery pack, a charg-
ing system using the bg243xx CFE provides more
robust system-level protection.

Main Safety Concerns in Charging
Systems

Damage to the charging system can occur due to
input overvoltage, input overcurrent, battery over-
voltage, or reverse input voltage.

Input overvoltage can be caused by hot-plugging
an adapter or using the wrong adapter; or by a
transient or steady-state overvoltage condition. The
most common occurrences are from hot plugging a
charged, unregulated, or incorrect adapter; or from
load transients. The unregulated adapter under no
load will charge the adapter’s output capacitor to
the peak rectified AC voltage, about 1.4 times the
rated DC voltage. This is often an issue with “low-
voltage-process” (7-V-process) ICs. Figure 1 shows
the output voltage of a typical regulated adapter
versus an unregulated adapter.

Input-overcurrent challenges are not an issue with
stand-alone chargers, since their constant-current
mode limits the amount of current delivered to

Featured in the latest online issue

e Understanding the pen-interrupt operation of
touch-screen controllers

e Understanding output voltage limitations of
DC/DC buck converters

e Battery-charger front-end IC improves
charging-system safety

e Using the CC2430 and TIMAC with low-power
wireless sensors: A power-consumption study

e Selecting antennas for low-power wireless
applications

e Download your copy now at www.ti.com/aaj
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Figure 1. Regulated- and unregulated-adapter load lines.

the output or battery. However, with power-path-
management parts, which have a direct connection
from the input to the system bus voltage, there is
often no protection from excessive current draw.
Lately there has been some concern over the safety
of operating adapters in their current-limit mode
and a desire for a programmable input-current-limit
circuit to ensure that the adapter does not get into
this mode.
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Li-ion and Li-polymer battery packs
are known for the potentially danger-
ous “flaming” condition that can occur
if they are overcharged under high
temperature. The key indication of
overcharging is excessive cell voltage.
To improve battery safety, many man-
ufacturers are adding second-level
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overvoltage protection to remove the
input power source when battery over-
voltage is detected.

With universal connectors, it is a
concern that an adapter with reverse polarity will
be connected to the input. Without input reverse-
polarity protection, the parasitic diode between the
substrate and the IC will become forward-biased,
causing a malfunction or damage to the IC.

CFE Solution for Improving Battery-
Charger Safety

Figure 2 shows a typical circuit for a battery-charging
system with a bg243xx CFE. The CFE protects the
system from input overvoltage by isolating high input
voltage from the low-voltage charger and system.
The bg243xx family offers a soft-start function to
avoid inrush current and can provide input-current
regulation and protection, output-voltage limiting/
regulation, or battery overvoltage protection. Also
available are optional features such as PGATE to
drive an external FET for reverse-polarity protection;
fault-status indication; a programmable input-current
limit; and enable/disable input power.

Figure 3 shows the typical response of the bq24314
CFE to input overvoltage. The internal MOSFET
switch immediately turns off with less than a 1-ps
delay once the input voltage reaches the predeter-
mined input-overvoltage threshold.

When the system load exceeds the input-current
limit, the CFE activates the input-current regulation
loop and provides the maximum current limit set by
the CFE. At a certain overcurrent blanking time, the
CFE will turn off the MOSFET and may enter hiccup
mode or latch mode after overcurrent protection is
activated 15 times, depending on the IC version. The
typical hiccup and latch response of the bg24314
CFE to input overcurrent is shown in Figure 4.

Another key function of the CFE is to achieve bat-
tery second-level overvoltage protection forimproved
safety, although the battery pack itself achieves cell
overvoltage protection by turning off the protection
MOSFET in series with the cell. When the battery is
overcharged due to any failure of the battery charger
or protection MOSFET, the CFE will turn off its output

|
L

Figure 2. Typical PWM waveforms.
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Figure 3. Protective response of
bq24314 to input overvoltage.
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Figure 4. Protective response of
bg24314 to input overcurrent.
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with a 176-ps delay time and will recover when the
battery is no longer experiencing overvoltage.
Please see Reference 1 for the complete version of
this article, which includes more information about
reverse-polarity protection and protective-response
waveforms for the bq24314 with battery overvoltage.

Summary

The CFE can significantly improve the safety of
battery-operated systems by fully integrating pro-
tection from input overvoltage, input overcurrent,
battery overvoltage, and reverse input polarity.

Reference
1. View the complete article at
http://www-s.ti.com/sc/techlit/slyt294
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Transformers can be used for
self-saturating or linear switching applica-
tions. The Inductors are ideal for noise,
spike and power filtering applications in
Power Supplies, DC-DC Converters and
Switching Regulators.

« Transformers have input
voltages of 5V, 12V, 24V, and
48V. Output voltages to 500V

* All units can be supplied
with higher or lower
secondary voltages at the
same power levels

- Transformers can be used for
self-saturating or linear
switching applications

« All units exceed the require
ments of MIL-PRF-27(+130°C)
(Class V 155°C available)

* Inductors have split windings
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provided with transformers
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“Somebody should make a low-cost function generator
as capable as an Agilent.”

You mean somebody like Agilent?

The most reliable function/arbitrary waveform generators in the world have
always been Agilent. Now, for the first time, you can have that Agilent reliability
at a low cost; the new Agilent 33210A function/arbitrary waveform generator.
With all the modern LXI compliant 1/0, productivity features, and ease-of-use of
its older brothers, the 33210A expands your choice of function generators, each
scaled perfectly to your needs.

CNEW.

FREE upgrade

to 8K point Arbitrary/Waveform Generator (option 002)
with the purchase of a new 33210A, for a limited time
www.agilent.com/find/agilent33210a

Dmﬂs ELECTRONICS Allied Electronics Hensley Technologies Instrument Engineers
888-852-7234 800-433-5700 877-595-7447 800-444-6106

© 2008 Agilent Technologies, Inc. * Prices in USD and subject to change.

Agilent Technologies
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INNOVATIONS & INNOVATORS

External power adapter combines USB =)
power with interchangeable ac plugs

Dortable consumer products increasingly
rely on the USB port as a dc-power port.

The ubiquitous port obviates the need for
designers to use that annoying external-power-
supply “wall wart” to charge a device’s internal
battery or directly power the device. Perhaps
more important, because the USB port is an
international standard, applications need pro-
vide only one power connection to satisfy inter-
national markets. The 8W PSMO8R adapter
from Phihong has a micro-USB output connec-
tor and is available with four interchangeable

clip-adapter p!ugs for u§e in virtually any p9wer USB output connector and is available with

outlet worldwide, allowing the use of a single | ¢ interchangeable clip-adapter plugs for

power-adapter part number and simplifying a | yse in virtually any power outlet worldwide. —Reader Dave Maples, in

design’s BOM (bill-of-materials) costs. EDN's Feedback Loop, at www.
The double-insulated adapter has an ac- | the US Energy Independence and Security Act. | edn.com/article/CA6578152.

input range of 90 to 264V and an output of | The PSMO8R sells for $13.06 (10); the adapt- | Add your comments.

1.6A at BV dc and provides short-circuit and | ers are priced separately.

overvoltage protection. It meets the Energy —by Margery Conner

Star IV specification and fully complies with Phihong, www.phihong.com.

Phihong’s 8W PSMO08R adapter has a micro-

Innovation-aid software gets infusion of 1.3 million IEEE documents

Invention Machine has announced the addition of 1.3 million technical documents
from the IEEE (Institute of Electrical and Electronics Engineers) to its Goldfire
Innovator software tool, which helps engineers and manufacturers generate and
research product-development ideas. The collaboration ties the IEEE's Xplore digi-
tal library to Goldfire Innovator's knowledge base, which will automatically receive
updates of new content. Goldfire users will be able to discover IEEE technical
documents, including journal articles and conference proceedings, as part of the
software’s “concept-retrieval” process. To access the full text, users must be IEEE
members, subscribe to Xplore, or purchase articles a la carte.

Invention Machine claims that Goldfire accelerates innovation by enabling com-
panies to use natural-language queries to discover both internal and external infor-
mation, which it organizes using a patented semantic engine. The tool allows com-
panies to express both problems and opportunities in a common language and ments from IEEE, accelerates innovation by
then helps them access precise information to help generate and validate ideas enabling companyies to use natural-language
and analyze trends, such as patent activity,—by Matthew Miller queries to discover both internal and external

Invention Machine, www.invention-machine.com. information.

BEE
InventipnMachine™

9 ® sl

The Goldfire Innovator software tool, which
now has access to 1.3 million technical docu-
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LabView 8.6 adds wireless,
enhances multicore and FPGA features

ational Instruments
N continues to expand

the horizons for Lab-
View, its popular graphical
programming language. With
the introduction of Version
8.6, LabView can now con-
trol the company’s wireless
data-acquisition products,
and the software also ex-
tends beyond its traditional
test-and-measurement base
into multicore processing and
embedded-system design.
LabView 8.6 lets you make
remote measurements using

a Wi-Fi connection to data-
acquisition devices. You can
connect to wireless devices
through technologies such
as Bluetooth, GPRS (gener-
al packet-radio service), and
GSM (global-system-for-mo-
bile) communications.

Using these technologies,
you can develop a wireless-
sensor network and control
it with LabView. You can also
download drivers for numerous
proprietary wireless-sensor
networks, and, using the Lab-
View Wireless Toolkit, you can

oV
BH RS 35 . |
WedaflO BASE 31 oo |

test wireless devices that use
any of these technologies.

Engineers often use sensors
to collect data on mechanical
devices, and, with LabView 8.6,
you can collect simulations of
mechanical devices and then
collect data on a real device
and integrate the data into the
model. This feature lets you
see how the model reacts so
you can make any necessary
design changes.

Multicore processors let
computers perform tasks in
parallel. LabView 8.6 can au-

LabView 8.6 software provides multicore-optimized analysis and signal-processing functions to
increase the performance of automated-test systems, such as wireless-device testers.

DILBERT By Scott Adams

IHAD A
PRODUCTIVE
TIME AT THE
MANAGEMENT

RETREAT.

scottadams@aol.com

www.dilbert.com

WE GOLFED AS HARD
AS WE COULD UNTIL
WE CAME UP WITH A
NEW VISION FOR THE
COMPANY!!!

52307 ©2007 Scott Adams, Inc./Dist. by UFS, Inc.

BUT NO ONE
WROTE IT DOWN,
S0 WE'RE GOING
TO TRY AGAIN
NEXT MONTH.
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ﬁ The soft-
ware lets
you convert
LabView appli-

cations into
Web services.

tomatically assign a proces-
sor to a task, or you can op-
timize your system by assign-
ing processors to tasks. Using
multicore processors, you can
run automated test functions
in parallel and improve sys-
tem throughput. LabView 8.6
also has more than 1200 da-
ta-analysis functions for multi-
core processors. LabView lets
you program custom functions
into NI's CompactRIO (recon-
figurable-input/output) line of
measurement modules, but,
with previous versions, you had
to directly program a module’s
FPGA. With LabView 8.6, you
no longer need to program the
FPGA. Instead, you can use
new development and integra-
tion features to add functions
to an FPGA. Predefined func-
tions include FFTs (fast Fouri-
er transforms) so that you can
convert data to the frequency
domain in the module.

The software lets you con-
vert LabView applications into
Web services that run on desk-
top or real-time processors.
Users can gain access to your
applications through any Web-
enabled device, including smart
phones, PDAs (personal digital
assistants), and PCs. This new
feature in LabView 8.6 means
that you can develop remote
user interfaces for your ap-
plications using technologies
such as HTML (Hypertext
Markup Language), JavaScript,
and flash. The software has a
base price of $1199.

=by Martin Rowe

National Instruments,

www.ni.com/labview86.



Look what 40 years of analog leadership
does for power management ICs.

POWER AND

Our newest voltage monitoring and ADM1184 | fiisaiiids
sequencing innovations

+0.8% Accurate Quad Voltage Monitors
ADM1184 and ADM1186

Industry leading accuracy and a high level of functional integration
in tiny packages. Additional functionality in the ADM1186; includes
the ability to perform up/down sequencing.

Dual and Triple Supervisors
ADM13305 and ADM13307

Ten models in 8-lead SOIC packages, with options for pretrimmed
undervoltage threshold, adjustable inputs, and watchdog timers.

Compact Multivoltage Sequencers and Supervisors
ADM1062 to ADM1069

Programmable devices for multiple supply systems; integrated
12-bit ADC and four 8-hit voltage output DACs for power
supply margining.

+(0.8% accurate monitors and sequencers that give
your customers safer, more reliable operation.

For years, engineers have relied on our analog and mixed-signal ICs to
enable their telecommunications, data communications, medical, and

CORE VOLTAGE instrumentation designs. See how we are applying this design expertise to
power management, delivering solutions that not only provide best-in-class
functionality, but also improve the performance of your analog circuit.

Case in point: the ADM1184, integrating ADI's =0.8% accurate voltage
reference technology, offers best-in-class accuracy to prevent data loss
and failures in high performance applications.

VOLTAGE

Industry’s Best Threshold Accuracy, 2 to 12 Supplies ) )

High accuracy is critical when monitoring low voltage cores. See what 40 years of analog leadership can do for your power designs.
With up to 2 the accuracy over temperature of competitive parts, Email ADI's power technical support at power.management@analog.com.
these ADI products offer the ability to maintain a much tighter voltage

tolerance, thereby maximizing system protection.

B analon is evervwhere® ANALOG
analog is everywhere www.analog.com/power-ad1i DEVICES
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24-bit delta-sigma ADC includes PGA

nalog Devices’ AD7190
delta-sigma converter
includes the functions

to make a complete preci-
sion-measurement front end.
In addition to the 24-bit con-
verter, the part features a PGA
(programmable-gain amplifier)
configurable for gains of one
to 128. The device also has an
internal multiplexer to provide
for two differential-measure-
ment sources or four pseudo-
differential sources. It incorpo-
rates an internal clock source,
a temperature sensor, and a

bridge-power-down circuit to
allow power savings by deacti-
vating the bridge that the partis
measuring. The high-precision
converter, which can detect an
open-sensor condition, suits
use in strain gauges, scales,
process measurement, control
modules, scientific instrumen-
tation and chromatography in-
struments, and other high-res-
olution data-acquisition tasks.
Operating with 3 to 525V of
power, the AD7190 consumes
6 mA of current; rms noise is 7
nV at a gain of 128. The offset

drift is 5 nV/°C, and gain drift
is 2 ppm/°C.

The device produces noise-
free, 21-bit measurements at
4.7 Hz and 16.5-bit, noise-free
measurements at 2.4 kHz, and
it performs simultaneous 50-
and 60-Hz rejection on an in-
coming signal. The ADC inter-
faces to the digital system us-
ing an SPI (serial-peripheral in-
terface) or Microwire-compat-
ible interface. You can select
a no-latency mode to reduce
software overhead if you need
a valid conversion per output

5V
o
2-mV/V
SENSITIVITY
OouT—
IN—

AVDD,\

AGND D)/\no

DGND  REFIN1(+) REFIN1(—)

data. The device also has four
general-purpose digital out-
puts, although two of these
outputs also serve as alterna-
tive external-reference inputs.

The AD7190 is available in
a 24-pin TSSOP for a sug-
gested retail price of $56.90
(1000). It operates over a
—40 to +105°C temperature
range. Samples are available
now, and production quantities
will be available in November.
An evaluation kit interfaces to
a PC with a USB.

—by Paul Rako

~Analog Devices,
www.analog.com.
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DOUT/RDY
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NOTE: PGA=PROGRAMMABLE-GAIN AMPLIFIER.

O
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The AD7190 combines a 24-bit ADC with a PGA, a temperature sensor, a bridge power-down, and clock circuits. It is ideal for
measuring Wheatstone-bridge outputs.

PICOCHIP OPTIMIZES PROCESSOR-ARRAY CHIPS FOR FEMTOCELLS

18 EDN

PicoChip’s second-generation PC3xx
family devices integrate the compa-
ny’s modem architecture in a form
that will increase performance and
reduce the bill-of-materials cost for
femtocell manufacturers.

The first of the new family, the
single-chip PC302, for HSPA (high-
speed-packet-access) femtocells
complies with the TR25.820 standard.
It supports as many as four residen-
tial and small-business users with
downlink data rates of 14.4 Mbps and
uplink data rates of 5.5 Mbps.

| SEPTEMBER 18, 2008

Unlike the fully software-defined
approach of PicoChip’s PC202 chip,
the 302 “hardens” into silicon the
features for a WCDMA (wideband-
code-division-multiple-access)/
HSPA-femtocell design. It employs
hardware acceleration of key fea-
tures of the standard and reduces to
approximately 80 the number of pro-
cessors in the company’s signature
multiprocessor array.

In 65-nm technology, the 302 in-
tegrates a 3GPP (Third Generation
Partnership Project) Node B mo-

dem, RNC (radio-network controller)
stack, RRM (radio-resource man-
agement), network-listening func-
tions, and other peripherals. The
software-defined architecture of the
processor array allows for in-service
upgrades and has processing-power
margin to host customer-specific
functions and other home-network-
ing functions.

The chip is available for sampling
now, and volume production will be-
gin in mid-2009.—by Graham Prophet

PicoChip, www.picochip.com.




Buying electronic components can be difficult with
hundreds of thousands of products to choose from.
Unfortunately, the choice has been between wielding
a twenty pound catalog or sifting through a
complicated web site. Jameco solves the problem

of finding the products you need with the industry's
first and only web-enabled catalog.

The Jameco Catalog... It's packed with features to
help you quickly narrow your search. The catalog
presents our most popular products in a way that
makes it easy to compare everything from franchise
sourced brands to house brands and factory overruns.

For More Information

Call 1-800-731-4242 or Visit www.Jameco.com/News
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Catalog Today!

The Jameco Website...
Once you've found the section you like in the
catalog, just use the product category web code
found on each page to continue your search at
Jameco.com where you’ll find more information,
more choices, the latest pricing and availability with
none of the complications that other websites have.

Jameco has everything you would expect from
a components distributor, plus a few surprises.

Reach for Jameco first.

JAMECO
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BY RON WILSON

Lithium-polymer accumulator
provides hybrid vehicles
with staying power

ow that hybrid passen-
N ger cars have scored

an enormous market-
ing success in North America,
the struggle has begun to
make them competitive with
comparable gasoline-pow-

ered and diesel vehicles in
delivered fuel efficiency and
environmental impact. Much
of this work focuses on the
huge, heavy, short-lived, and
environmentally costly bat-
tery packs that store energy

This prototype lithium-polymer
accumulator could extend

the range and reduce the
environmental damage from
hybrid vehicles (courtesy
Fraunhofer Institute for Silicon
Technology).

the vehicles capture from their
internal-combustion engines
and recapture from their own
momentum.

Over the next three years,
the Fraunhofer Institutes in
Germany will collaborate with
Volkswagen to explore lith-
ium-polymer accumulators
as alternatives to the lithium-
ion batteries today’s vehicles
often use. The four organi-
zations are working under a
development program that
Germany's Federal Ministry
of the Environment and other
organizations launched.

The Fraunhofer portion of
the project includes three inter-
related programs. In one pro-
gram, researchers are investi-
gating new electrode materi-
als that will have high energy-

storage density but low impact
on the environment. A second
portion of the project is devel-
oping IC-based battery-man-
agement techniques that will
control such variables as cur-
rent and temperature to allow
much denser packing of cells
than is currently feasible. The
third program is developing
the power electronics to allow
the control circuitry to manage
safely charging and discharg-
ing of the cells. The research-
ers will integrate all three tech-
nologies—the new cells, the
new management circuitry, and
the new power devices—into a
high-density module for use in
vehicles.

The goal of the project is for
Volkswagen to begin field tests
of the new power modules in
2010. The company would
presumably later incorporate
the modules into a new gen-
eration of hybrid vehicles.
Fraunhofer Institute for
Silicon Technology,
www.isit.fraunhofer.de.

SELF-ASSEMBLING POLYMERS MAY CREATE TOOLS FOR PATTERNING STORAGE MEDIA

Researchers at the Nanoscale Science and Engineering
Center at the University of Wisconsin-Madison, working
in collaboration with researchers at Hitachi Global Stor-
age Technologies, have demonstrated the use of self-as-
sembling polymer molecules to create regular molecular-
level structures that organize themselves around a rela-
tively coarse chemical pattern. The techmque could poten-
tially form mechanical templates ;
that, through nanoimprint lithogra-

phy, would produce patterned me-

dia far denser than researchers can

obtain with traditional approaches,

boosting the bit density for rotating

media beyond the current technical

horizon.

The technique relies on the

thermodynamic forces within

| SEPTEMBER 18, 2008

creating the polymer, researchers caused the molecules
to self-assemble into an array of conical towers-just the
right shape for use in nanoimprint lithography.

Because the self-assembly process depends on the
structure of the molecules rather than upon external di-
rection, the resulting shapes can be more precise and
regular than the patterns around which they self-assem-

K ble. In this work, for example, the self-
assembly process produced an array
of towers at one-fourth the pitch of the
underlying chemical-marker pattern.

An application would be production
of the templates manufacturers use to
create patterns on the surface of pat-

block- |
copolymer molecules, according to
Paul Nealey, the director at the cen-
ter. The polymer chains contain in-
ternal structures that cause them to
self-assemble into patterns around
a chemical marker. By correctly

Researchers prepared a surface with tradi-
tional lithography (upper left), upon which a
block copolymer material self-assembled into
a more detailed pattern (upper right). This ap- Science and Engineering Center,
proach produced an array of pillars (bottom).

terned magnetic media for disk drives.
The self-assembling copolymer should
be able to produce a regular pattern
with more than 10 times the areal den-
sity achievable through conventional

lithography.
University of Wisconsin, Nanoscale

www.nsec.wisc.edu.




Our Latest Data Acquisition Innovations

Programmable Gain Instrumentation Amplifiers

AD8250, AD8251, and AD8253

PGIAs offer unmatched speed and precision; require 75% less
power and are up to 90% smaller than competing in-amps.

High Precision Dual Amplifier

0P2177

60 .V maximum offset, 0.7 wV/°C maximum drift,

8 wV/AVHz typical low noise, and low power consumption
for unmatched performance.

3-Channel, Low Noise, Low Power, 16-Bit and 24-Bit >.-A ADCs
AD7792 and AD7793

Complete AFEs for high precision measurement; on-chip amplifier
allows direct interface of small amplitude signals to the ADC.

16-Bit, 10 MSPS, 92 dB SNR, 130 mW Power PulSAR® ADC
AD7626

Breakthrough performance enables faster, more precise data
acquisition system designs.

14-Bit, 125 MSPS, 85 dBc SFDR, Low Power ADC

AD9246

Combines excellent SFDR over a wide input bandwidth with
low aperture jitter to accurately sample high frequency signals.

High Speed Digital Isolators

ADuM140x

Compared to optocouplers, ADI's 4-channel digital isolators offer
faster data rates, greater reliability with isolation ratings up to 2.5 kV,
and up to 70% savings in board space.

analog is everywhere

See why more engineers want ADI experience
inside their data acquisition designs.

Engineers working on data acquisition (DAQ) applications
depend on Analog Devices to meet the demands of their
designs and the expectations of their customers. We've taken
our industry-leading data converters and amplifiers, added
newly developed instrumentation components—such as high
speed digital isolators and low jitter clocks—and optimized
them for DAQ applications. The result is unmatched component
functionality, reliability, and compatibility with proven
specifications to shorten the design process and yield
readings you can trust.

To learn more about what Analog Devices can do for your own
world-class designs, order samples, or download data sheets,
visit www.analog.com/dag-ad1.

ANALOG
DEVICES

www.analog.com/daq-ad1
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Twisted impedance

liver Kent of Muirhead Aerospace Ltd recently comment-
ed on my formula for twisted-pair line impedance (Figure
1).“lam using coated wire with 1.3-mm outer diameterand
0.95-mm inner diameter,” Kent wrote. “The insulation is
PTFE [polytetrafluoroethylene] with a dielectric con-
stant, €, of 2. Your formula contains the term In((25)/D).
That term gives a negative value when twice the wire separation over the

conductor diameter is less than 1. I ap-
preciate any help or advice you could
give regarding this matter.”

Kent may be interpreting the spac-
ing as the distance between the wires.
I don’t. In my system of units, I define
the wire spacing from center to cen-
ter (Figure 1). The spacing therefore
always exceeds the diameter, so the
ratio 2S/D always exceeds 2, and the
logarithm cannot go negative.

The simple approximation in Fig-
ure 1 is not perfect. In the real world,
if you could press the wires closer and
closer together, the impedance would
plummet to zero. The approxima-
tion doesn’t show that result. In the
equation, when the metallic conduc-

S=1.3 mm (MINIMUM)

1.3-mm
D=0.95-mm INSULATION

CONDUCTOR

tors touch with S equal to D, the term
In((2S)/D) gives a minimum value of
In(2)=0.693, which is incorrect.

I derived the approximation for use
only in cases with a reasonably large
spacing between wires, in which you
may assume a uniform distribution of
current around the periphery of each
conductor. In a situation with close-
ly spaced wires, the “proximity effect”
generates a nonuniform distribution of
current, with the greatest preponder-
ance of current occurring on the in-
side-facing surfaces of the two conduc-
tors. Because the approximation does
not take into account the proximity
effect, it overestimates the impedance
in situations with closely spaced wires.

120 2S
ZpifE = —hl(—)»
R /eR D
WHERE Z IS THE DIFFERENTIAL IMPED-
ANCE, S IS THE CENTER-TO-CENTER SPAC-
ING, D IS THE DIAMETER, S ALWAYS EX-
CEEDS D, AND 2S/D ALWAYS EXCEEDS D.

EXAMPLE:

25 _2(13)

= =2.736.
D 09

Figure 1 The differential impedance of this twisted-pair configuration depends on
the ratio of spacing, S, to conductor diameter, D.

| SEPTEMBER 18, 2008
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For ordinary twisted-pair wires in a
100Q) configuration, the ratio S/D is
approximately 2. The redistribution of
current due to the proximity effect in
that case remains fairly modest, pro-
ducing only a 15% increase in effective
resistance and a negligible effect on
impedance. In Kent’s case, the proxim-
ity effect will be more noticeable.

Another difficulty with the approx-
imation involves the concept of “ef-
fective dielectric constant.” The fields
surrounding the wires exist partly in
the dielectric insulation and partly in
the air surrounding the whole config-
uration. The effective dielectric con-
stant, therefore, lies between that
of air, which is 1, and that of PTFE,
which is 2. The exact value takes in-
to account the relative proportions of
field energy in those two substances.

Unfortunately, unless you have a
2-Dfield solver handy, you can’t know
in advance the relative proportions
of field strength in air and insulation,
so you can’t compute, from first prin-
ciples, the effective dielectric con-
stant. In that case, you should mea-
sure the velocity of propagation on a
sample cable and use that measure-
ment to determine the effective di-
electric constant. The relation of ve-
locity to dielectric constant is: veloc-
ity (m/sec)=speed of light (m/sec)/

€R(EFFECTIVE)"

Once you have obtained a value for
the effective dielectric constant, plug
that value into the approximation to
determine the expected impedance
and, more important, the expected
change in impedance with changes in
geometry. The effective dielectric con-
stant does not vary much with small
changes in the wire geometry.EDN

Howard Johnson, PhD, of Signal Con-
sulting, frequently conducts technical
workshops for digital engineers at Oxford
University and other sites worldwide.
Visit his Web site at www.sigcon.com or
e-mail him at howie03@sigcon.com.

www.edn.com/signalintegrity




Test. Accelerated.

Reduce Your Cost with a Faster Automated Test System

Advanced parallel testing and
multicore development tools

Industry’s lowest latency and

. highest throughput test platform
High-performance

modular instrumentation
(DC to RF)

Optimized drivers and controllers
for more than 5,000 instruments

PRODUCT PLATFORM For more than 30 years, National Instruments technology
NI TestStand software has been the foundation for building faster automated
test and measurement systems. The NI test platform
combines the advantages of open PC-based systems,
PXI modular instrumentation, and unlimited instrument

NI LabVIEW graphical software
PXI modular instrumentation

control solutions — all powered by the industry’'s most

comprehensive and widely chosen test system software.
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Know your ceramic capacitor,

part one

Ithough advancements in dielectric materials and fab-

rication processes have improved integrated capacitors,

chip designers still depend on board-level devices to sup-

port virtually all ICs. Primary tasks for board-level ca-

pacitors are power-supply bypassing and signal coupling,

but many ICs still depend on external parts for timebase
generation, filtering, and waveform shaping.

Driven largely by matters of size,
cost, and availability, multilayer ceram-
ic is among the most common capaci-
tor constructions in the industry. This
trend has accelerated over the last sev-
eral years, during which tantalum pric-
es more than quadrupled, making vol-
umetrically efficient tantalum capaci-
tors more expensive and less available
than they historically have been.

The EIA (Electronic Industries Al-
liance) associates ceramic capacitors
with four classes, of which the first
three are in widespread use today (Ref-
erence 1). Three-character alphanu-
meric designations within a class char-
acterize the capacitor’s thermal behav-
ior. The significance of the designa-
tors, however, is class-specific.

Class I ceramic capacitors are tem-
perature-compensated and, there-
fore, provide the most stable perform-
ance of all the classes. The EIA des-
ignators for Class I capacitors describe
the device’s temperature coefficient
of capacitance. The designator’s three
characters provide a mantissa, a multi-
plier, and a tolerance (Table 1, avail-
able in the Web version of this col-
umn at www.edn.com/080918;i).

The most common Class I capaci-
tor carries the designation COG, and

| SEPTEMBER 18, 2008

Class | capacitors
exhibit a low-volt-
age coefficient of
capacitance, an
important attribute
in signal-process-
ing circuits in which
low distortion is a
requirement.

nominally provides a zero tempera-
ture coefficient of capacitance with a
+30 ppm/°C tolerance over a 25 to
85°C range. Note that the tempera-
ture range over which the temperature
coefficient of capacitance and its tol-
erance apply is not the capacitor’s full
operating-temperature range. To the
extent that COGs deviate from their
ideal zero temperature coefficient of
capacitance, their drift tends to be lin-
ear with temperature. Some manufac-
turers, therefore, specify their COG ca-
pacitors’ drift within the =30 ppm/°C
band from —55 to +125°C.

Class [ capacitors also exhibit a
low-voltage coefficient of capaci-
tance, which is an important attri-

D9

BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR

bute in signal-processing circuits in
which low distortion is a requirement.
This observation isn’t to suggest that a
Class I capacitor—or any ceramic ca-
pacitor, for that matter—is your best
choice for critical signal-processing
circuits. However, if your application
doesn’t require the precision of, say,
instrumentation-quality measurement
circuits or professional-quality audio
equipment, you'll be hard-pressed to
find a more compact, inexpensive,
and readily available capacitor than a
multilayer ceramic.

For high-frequency applications,
Class I ceramic capacitors exhibit
lower parasitic series inductances and
thus higher resonant frequencies than
do devices of Class II and higher. RF-
rated COG capacitors with values as
large as 50 pF typically exhibit reso-
nant frequencies in excess of 1 GHz.

Class I multilayer ceramic capaci-
tors are readily available in surface-
mount form factors in capacitances
as large as 10 nE Some suppliers pro-
vide surface-mount devices with ca-
pacitances as large as 100 nF and lead-
ed devices in excess of 1 pE Owing to
their limited dielectric constants, typ-
ically in the range of 10 to 100, Class
I devices at the upper end of the tech-
nology’s capacitance range tend to
be quite large. The higher dielectric
constant of Class II ceramics produc-
es more compact devices with a wider
range of capacitances than do Class I
ceramics—the next subject in Analog
Domain.EDN

REFERENCE

i “Ceramic dielectric capacitors
classes |, II, lll, and IV Electronic
Industries Alliance, Standard EIA
198-1F

Joshua Israelsohn is a co-founder of JAS
Technical Media, where he manages tech-
nical-communication services. You can
find his contact information at www.
jas-technicalmedia.com/Contact.

’ [+] www.edn.com/analogdomain
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On-Board Oscillators Synchronize Other Regulators
to Reduce the Number of Beat Frequencies

Many systems are highly sensitive to noise and beat frequencies. When using switching regulators,
this challenge is typically amplified by the fact that each regulator is running at a different frequency,
thus generating a number of beat frequencies that are difficult to filter out. One approach to
overcome this challenge is to run all switching regulators at the same switching frequency. However,
to achieve this solution, all regulators need to be synchronized to the same oscillator. Rather than
requiring placement of an oscillator circuit on a board, the oscillator output of ADI's ADP1828
dc-to-dc controller can be used to synchronize other controllers. The switching frequency is user
programmable from 300 kHz to 600 kHz with a single resistor. The synchronization output frequency
can be phase shifted 180° to reduce the size of input capacitors or it can be doubled with a pin
setting to provide the 2x frequency that some switches require.

MAINS I/P

12V RAIL
AC/DC

Vin

Vin

TYPICAL APPLICATION DIAGRAM OF THE ADP1828

1.8V/10A
0SCILLATOR OUTPUT

2.5V/3A
—
ADP1829

DUAL SW CONT 2.5V/4A

ADP1710 | 1:2V/150mA
=
e
ADP1715 | 1.5V/500mA
v LDo
N

ADP1828 Features

* Wide supply range:
3Vto 18V

e Qscillator frequency output
to allow synchronization to
other controllers

 Accuracy over temperature:
+0.85%

e Efficiency: up to 95%
e Shutdown current: 15 pA

The ADP1828 generates a switching frequency that can be used to
synchronize other regulators.

Part Vi V,!UT Adj I Switch Package Price
Number | Range (V) Options (V) Max (A) Freq ($U.S.)
ADP1821" | 3.7t05.5 0.6 t0 0.85 V), 20 600 kHz? | 16-lead QSOP | 1.35
ADP1822" | 3.7105.5 0.6 t0 0.85 V), 20 600 kHz? | 24-lead QSOP | 1.40
ADP1828! 31018 0.6 t0 0.85V,, 20 600 kHz? | 20-lead QSOP | 1.50
ADP1829' 3t0 18 0.61to0 17 20 600 kHz? | 32-lead LFCSP | 2.10
ADP1864' | 3.151t0 14 0.8toV, 5 580 kHz | 6-lead TSOT | 1.05
ADP2102°% | 2.7105.5 (1)85 tt% 112 1225 tt?) 13% 0.6 3MHz | 8-lead LFCSP | 1.47
ADP2105° | 2.71t05.5 0.8toVy 1 1.2 MHz | 16-lead LFCSP | 1.13
ADP2106° | 2.7 t0 5.5 0.8toVy 1.5 1.2 MHz | 16-lead LFCSP | 1.25
ADP2107° | 2.7t05.5 0.8toV, 2 1.2 MHz | 16-lead LFCSP | 1.32
ADP3050° | 3.6 to 30 — 1.5 200 kHz | 8-lead SOIC 1.78
'Step-down type.  2From 300 kHz to 600 kHz, synchronization up to 1 MHz.  *Buck type.
samples and data sheets available ANALOG
.analog.com/V8Power DEVICES



DC-to-DC Controller Provides Steady Voltage No Matter What the Input

The ADP1621 is a fixed frequency, pulse-width modulation, current-mode, step-
up controller. It is ideal for a SEPIC (single-ended primary inductor converter)
configuration because it enables the output voltage to be above, below, or equal to
the input voltage, as necessary. This configuration is useful in an application where
battery voltage can be above or below the output voltage that it is trying to control.

A SEPIC is just one of many configurations that the ADP1621 can help optimize.
For example, it can also be used in forward and flyback configurations, as well as
in a boost mode configuration, where it can boost the voltage from below 5V to

over 50V, as needed.

ADP1621 Features
e Accuracy: =1%

 Lossless current sensing for switch-mode voltage: =30V

 Resistor current sensing for switch-mode voltage: =30V

* Current-mode operation for excellent line and load
transient response

e Current-limit and thermal overload protection
» Package: 10-lead MSOP

V8, TO V40,

DUAL
INDUCTOR

I S

? VIN

FREQ

—

=
L)
|— COMP GATE
SEN
ADP1621
SYNC

———»| SDSN

V12gyr

FB ?VV\,—‘_E
j;

SEPIC configuration allows V,,; to be greater
or less than V.

;z::mer i nan‘!,'é ) (‘)’;?::::s&t) o;‘,’toilgn‘;d;w M;;UT(A) ?:::3:;13 gachace (;lr;-c;)
ADP1111 | Boost | 210 30 3.3,5,12 — 1.5 70 kHz 8-lead plastic DIP, 8-lead SOIC| 2.06
ADP1610 | Boost | 2.510 5.5 — Vyto 12 1.2 | 700 kHz or 1.2 MHz 8-lead MSOP 1.25
ADP1621 | Multi | 81to 40 — — — 300 kHz or 1.2 MHz 10-lead MSOP 1.30

Industry’s Highest Accuracy (+=0.8%) Voltage Sequencers and Supervisors

Today’s complex systems often require up to four voltages and more accurate monitoring, as well as power-up and power-down supply
sequencing of the voltage rails. There is a growing trend toward lower core voltages, driven by newer, smaller process geometries. These
low voltages need to be monitored accurately and then powered up and powered down in the correct sequence while ensuring the correct
timing delay between each of the voltage rails. If the power supply voltage drops below the threshold or is powered up or powered down
incorrectly in a printer ASIC, for example, the device can operate erratically, potentially causing a loss of data.

The ADM1186 family provides +0.8% voltage threshold monitoring accuracy, which is critical when monitoring low voltage rails.
This monitoring is illustrated in the printer application example, shown below. The ADM1186 also provides power-up and power-down
supply sequencing implemented using a digital core. In the case of the ADM1186-1, multiple devices can be cascaded to sequence

VOLTAGE MONITORING AND SEQUENCING IN A
TYPICAL PRINTER APPLICATION

SEQUENCE CONTROL

n

3 N
> ADP1706
EN_ OUT [—5y
Vo=

5V

up and sequence down eight, 12, 16, or more
supplies. Dedicated capacitor programmable
timing pins allow the time delays between
supplies to be more easily and accurately
controlled without requiring a capacitor on
the supply rail monitoring pin. This flexibility

IMAGE

i

RESET

AND
PRINTER
CONTROL

Order Yours

PCB Design Resource

allows the sequencing time delay and the fault
response time of the device to be controlled
independently and accurately. In addition to the
sequence time delays, a programmable blanking
time delay is provided to allow the designer to
set a maximum time limit for a supply to rise
above its undervoltage threshold after being
enabled.

(See the voltage sequencers and supervisors
selection tables on Page 3 for product details.)

www.analog.com/V8Power



Voltage Sequencers and Supervisors Selection Tables

Quad Voltage Sequencers

Voltage Number q L
Part Numper of Monitoring of Sequencing | Active High Sequence Price
Monitored Enable Package
Number Voltages Accuracy Output Un | D Outout Delay ($U.S.)
g (%) | Drivers | UP | Down &
ADM1184 4 (cascadable) 0.8 4 Yes | No Open-drain — 10-lead MSOP | 2.39
ADM1185 4 (cascadable) 0.8 4 Yes | No Open-drain 190 ms 10-lead MSOP | 1.20
ADM1186-1 | 4 (cascadable) 0.8 4 Yes | Yes | Open-drain | Capacitor (adj) | 20-lead QSOP | 3.80
ADM1186-2 4 0.8 4 Yes | Yes | Open-drain | Capacitor (adj) | 16-lead QSOP | 2.98
Multivoltage Supervisors
Number of T Reset Output o |
Part Mum_ ero Reset Threshold T'." ese Stage Ranua Typ Watchdog Pack Price
Number onitored ) imeout Active | Active eSt_at_ Timeout (ms) ackage ($US)
Voltages (ms) : Capability
Low | High
0.6 (adj), 1.25 (adj), i ) .
ADM13305 2 168,225,293, | 140 | PuSh- | Push- el 1600 8lead | o5
pull pull NSOIC
455
0.62 (adj), 1.58,
1.67,2.19, 2.32, Push- | Push- . 8-lead
ADM13307 3 293308438 | 40 pull | pul | €S nsoc | 0%
4.63
0.6 (adj), 1.58,
1.67,2.19,2.32, Open- . . 6-lead
ADM6710 Sord | 563,078,293 140 drain No sot-23 | 160
3.08, 4.38, 4.63
. Open- 10-lead
ADM1184 4 0.6 (adj) 100 drain — No — MSOP 2.39

Precision Voltage References for Lower Current Applications

Analog Devices offers several families of precision references targeting applications requiring low drift, low noise, and small size.
Output currents up to 30 mA are available with a temperature coefficient as low as 2 ppm/°C. Several devices are available in
3-lead SC70 and SOT-23 packages that are ideal for space-critical applications.

Part ol Tempco 2 Output Price
. Vour (V) Accuracy o (V¥ p-p) Package
Family (%) (ppm/°C) @25V, Current (mA) ($U.S.)
5-lead SC70, 5-lead TSOT,
ADROX 2.5,3,5,10 0.06 3 6 10 8-lead SOIC 1.02
2.048, 2.5, 3.0,

ADR43x 4.096, 45,5 0.04 3,10 3.5 10 8-lead MSOP, 8-lead SOIC 2.92

AD158x | 2.5, 3, 4.096, 5 0.08 50 70 5 3-lead SOT-23 0.60

ADR504x | 2048253, 0.1 75 9 N/A(shunt | 5 1024 SC70, 3-lead SOT-23 | 0.30
4.096, 5 reference)

ReFlox | 2048,25.3 0.2 2 25 30 8-lead TSSOP, 8-lead SOIC | 1.25
3.3,45,5

For selected samples and data sheets, visit www.analog.com/V8Power ANALOG

DEVICES



ADI Introduces the World’s Most Accurate Hot Swap Controllers
with Integrated Digital Power Monitors

The advanced telecom computing architecture (ATCA) and microtelecom computing architecture (MicroTCA) modular systems share a
common pluggable form factor—the advanced mezzanine card (AMC). When an AMC is plugged into an ATCA card or MicroTCA shelf
host, it requests that the host processor allocate a portion of the available system power budget for the AMC itself. After allocating
power to the AMC, the host must then monitor each AMC so that it does not consume more than its allowed power budget. An AMC
drawing too much power may indicate a fault on the card. If the draw becomes excessive, it could exceed the total available system
power, adversely affecting the operation of the host. Therefore, it is important in applications such as these that the host is able to
accurately monitor the power consumption of each AMC individually.

To meet these requirements, ADI’s family of

LOW VOLTAGE, POSITIVE hot swap and power monitors provides a
HOT SWAP AND DIGITAL POWER IN ATCA new standard of performance and value for
- p— computing and telecom systems. For example,
o ADP1043 A~ 3% the ADM1178 integrates a low voltage positive
A i ADP2107__ = i hot swap controller with a current-sense
Bk T c?mm::c o AP 5N amplifier to provide digital current and voltage
g N T HAY o monitoring. This functionality is enabled by an
48V HoT SWAP BNABLES. TG on-chip, 12-bit ADC that communicates through
SUPPLY-GOOD vee POWER SUPPLY y
POWER-G00D ADMioe2 | |MARGINING an I?C® interface. The process allows a card to
N fgtiet MONITORING. be hot swapped safely in the application, while
T T e 12V also providing power consumption information
e " ez o from the card to the host controller via the
HS AND POWER MONITOR] 3,3y [2C bus. The device provides a single-chip,

LI

.IWTW‘ integrated hot swap and power monitoring
SR solution with the smallest footprint in

the industry.

ATCA ISOLATIOI:I BARRIER

Low Voltage Hot Swap and Power Monitors

Part Operating | UV and OV Digital V and Mg:::::::lg Other Other Package Price
Number Range (V) | Detection | Readback Accuracy (=%) Inputs | Outputs ($U.S.)
ADM1170 | 1.6t0 16.5 | ON (UV) — — — — 8-lead TSOT | 2.10
ADM1171 | 2.7t0 16.5 ON (UV) = = = CS_OUT | 8-lead TSOT 2.20
ADM1172 | 2.7t016.5 | ON (UV) — — PFI PFO 8-lead TSOT | 2.00
ON (UV), [’C Interface . i
ADM1175 | 3.15t0 16.5 ONB (V) with 4 addresses 2 CONV 10-lead MSOP | 2.50
[°C Interface
ADM1176 | 3.15t016.5 | ON (UV) with 16 addresses 2 — — 10-lead MSOP | 2.50
[C Interface
ADM1177 | 3.15t016.5 | ON (UV) with 4 addresses 2 — — 10-lead MSOP | 2.50
2
ADM1178 | 3.15t0 165 | ON (UV) PG Interface 2 — | ALERTB | 10-lead MSOP | 2.70
with 4 addresses
ADM4210 | 2.7t016.5 | ON (UV) — — — — 6-lead TSOT | 2.98
Power Monitors
. Current - .
Part Operating L . . CONV | CLRB | ALERT/ Digital V and Price
Monitoring Glitch Filter . . Package
Number | Range (V) Accuracy (%) Pin Pin | ALERTB | Readback ($U.S.)
[°C interface 10-lead
ADM1191 | 3.1510 26 2 — Yes No | ALERTB with 4 addresses MSOP 1.90
Programmable [C interface 10-lead
ADM1192 | 3.15t0 26 2 timer No Yes | ALERT with 16 addresses MSOP 1.90
PCB Design Resource www.analog.com/V8Power

Order Yours Now



New Digital Controller Dramatically Increases System Efficiency
and Accelerates Time to Market

Demand for increased energy efficiency has become a common industry expectation in server, storage, and communications
infrastructure applications. The ADP1043 is a digital controller designed for ac-to-dc and isolated dc-to-dc intermediate bus
architectures that enable high efficiency designs in end-user equipment. The device has seven programmable PWM outputs to
drive even the most complex and high efficiency conversion architectures. The programmability of the ADP1043 allows the system
designer to better configure circuit parameters, such as timing delays, to optimize efficiency. The flexibility provided allows

the system designer to make dynamic changes to improve efficiency across the application load range.

All programming is performed with an easy to
use graphical user interface (GUl)—where no
complex programming is required. The ADP1043
and GUI solution promote faster design time

to market.

ADP1043 Features
e Digital control and monitoring
* Qutputs: 7 PWM

* Programmable switching frequency:
50 kHz to 700 kHz

e Programmable digital filter/compensator

e Active OR’ing control

* Analog or digital current sharing

e I>C communication and programming
* On-board EEPROM
e Reporting and diagnostic capabilities

Temperature Control Independent of the Microprocessor

The ADT6401 and ADT6402 are pin-selectable temperature trip points available in 6-lead SOT-23 packages. Each part contains

an internal band gap temperature sensor for local temperature sensing. When the temperature crosses the trip point setting, the
logic output is activated. These ICs are excellent fail-safe devices with the capability of monitoring temperature independent of the
microprocessor. The ADT6401 logic output is active low and open-drain. The ADT6402 logic output is active high and push-pull.

The pin-selectable trip point settings are 10°C apart, starting from —45°C to +5°C for undertemperature switching and from —45°C
to +115°C for overtemperature switching. These devices typically consume only 30 wA of supply current and operate over the supply
range of 2.7 V to 5.5 V. Hysteresis is pin-selectable at 2°C and 10°C.

L . . Supply .
Part Trip Point Trip Trip Price
Current Comments Package
Number Type Threshold Output Max () ($U.S.)
aDTod0r | PN | ot olg | ACvelow | gy | Connectpins 1,3, 5 either high, low, | 6054 5793 | g 59
selectable open-drain or floating to determine trip point
ADT6402 Pin- Hot, cold Active high, 50 Connect pms 1,3,5 el'ther h|gh, 'Iow, 6-lead SOT-23 | 0.59
selectable push-pull or floating to determine trip point
ADT6501 | Factory set Hot Active IOV.V’ 85 Preprogrammed trip point 5-lead SOT-23 | 0.49
open-drain
ADT6502 | Factory set | Hot A;S‘s’ﬁg'l?l? 85 Preprogrammed trip point 5-lead SOT-23 | 0.49
ADT6503 | Factory set | Cold | Active low, 85 Preprogrammed trip point 5-lead SOT-23 | 0.49
open-drain
ADT6504 | Factory set Cold A;E:ﬁgﬂ? 85 Preprogrammed trip point 5-lead SOT-23 | 0.49

All parts operate from 2.7 V to 5V with trip point temperature increments of 10°C from —45°C to +115°C. Operates fully from —55°C to +125°C.

For selected samples and data sheets, visit www.analog.com/V8Power ANALOG

DEVICES



Reduce Space Requirements Needed for Isolated DC-to-DC Power Supply

The ADuM5000 is the world’s smallest isolated dc-to-dc converter. Available in a compact 10 mm X 10 mm, 16-lead wide-body
SOIC package, it is a full 40% smaller than the closest competitor’s dc-to-dc converter solution. The ADuM5000 provides up to
500 mW of regulated, isolated power of 3.3 V or 5.0 V. Other isoPower® products, such as the ADuM540x and ADuM520x product
families, also provide both isolated power and signal channels within a single package. The isoPower family of parts offers the

The Worid’s Smallest

APPLICATIONS
* RS-232, RS-422, RS-485 transceivers
* Industrial field bus isolation

© Power-supply start-up bias and gate drive

o Isolated sensor interface

* Industrial PLC

Isolated DC-to-DC Converter

\

designer significant advantages over discrete solutions, such as
optocouplers that require an external dc-to-dc converter, and
often cuts costs by as much as 50%. The ADuM5000 can be
used in combination with ADuM540x and ADuM520x isoPower
products to achieve higher output power efficiency levels.

ADuM5000 Features

e isoPower integrated isolated dc-to-dc converter

* |solation: 2.5 kV

 Regulated 3.3V or 5V output

* Qutput power: 500 mW for 5V

* High temperature operation: up to 105°C

 High common-mode transient immunity: >25 kV/us
e Thermal overload protection

 Safety and regulatory approvals (pending):
UL, CSA, VDE

‘ * Package: 16-lead SOIC_W with >8 mm creepage

Part Channel UL Insulation Max Data Isolated Max Isolated Max Price
Number Conhguration | Rating (k) Rate @ Output Supply | Output Supply | Operating | Package ($U.S)
9 9 5V (Mbps) Voltage (V) | Current (mA) | Temp (°C) -
16-lead
ADUMS5401 3/ 25 10r 25 330r5 100 105 | goow | 500
ADUMS5402 2/2 25 10r 25 3305 100 105 | J6lead g 0g
: : socw | >
ADUMS5403 13 25 10r25 330r5 100 105 16-lead |
: : socw | >
ADUMS5404 0/4 25 10r 25 330r5 100 105 BBl g g
: : socw | >
ADUM5200 2/0 25 10r25 330r5 100 105 16-lead |, g
: : socw | *
ADUMS5201 111 25 10r25 33015 100 105 | J6lead |y ng
: : socw | ™
ADUM5202 0/2 25 10r 25 330r5 100 105 | J6lead g
: : socw | ™
16-lead
ADUMS5000 — 25 — 330r5 100 105 | qoow | 316

PCB Design Resource

Order

Yours Now

www.analog.com/V8Power




Improve Conversion Efficiency and Optimize Performance

for Low Output Voltages in Post-Regulation Applications

Today’s user demands new features and functions, as well as longer battery life, for their mobile electronic devices. System and
power management designers are meeting these challenges by using very low dropout regulators (LDOs) to power ICs operating at
lower supply voltages.

In low headroom post-regulation applications optimized for high power supply rejection, LDOs with a dual-supply architecture—
such as ADI's ADP130—offer an excellent balance of low noise, high power supply ripple rejection, and low quiescent current.
Such features make the ADP130 an ideal solution for a clean power supply. The device can be biased from the higher input supply,
while the lower input supply sources the load current to reduce the overall power dissipation and allow for low dropout operation.
The ADP130 complements ADI’s family of clean power, high performance LDO solutions with its unique low dropout option.

POWER SUPPLY REJECTION RATIO vs. HEADROOM
Vour = 1.8V, Iy;; = 100mA

0
20 - Y
SINGLE-SUPPLY 0.5V HEADROOM L~
_ g
40 LAt
=TT i,
SINGLE-SUPPLY 1V HEADROOM | | L7/
,./ g
= —60 ,““ 7 |
& N ol ~ /’ ADP130 500mV HEADROOM
T
-80 T
V HEADROOM
-100
-120
10 100 1k 10k 100k ™ 10M
FREQUENCY (Hz)

The plot above compares the dual-rail ADP130 PSRR of 60 dB up to 100 kHz in low headroom applications
vs. a single-supply LDO, which has 20 dB to 30 dB lower PSRR under the same conditions.

Part I V,xRange Veis Vou: Options Price
Number (mA) (V) V) (V) ($U.S.)
ADP120 50 231055 — 1.2103.3 0.26
ADP121 100 231055 — 1.2103.3 0.26
ADP130 350 12t03.6 | 231055 121033 0.33

For a complete listing of ADI’s LDO product
portfolio, visit www.analog.com/LDO.

For selected samples and data sheets, visit www.analog.com/V8Power

ADP130 Features
e Load current: 350 mA

* Dropout voltage:
40 mV @ 150 mA

* Quiescent current:
25 pA @ no load

* PSRR: -70 dB @ 10 kHz
* Noise: 40 pVrms @ 1.5V

ANALOG
DEVICES



Regulator Circuit Design Made Easy with ADI’s
New Online Design Tool

ADI’s power solution tool makes power ICs easy to choose and easy to use to optimize designs and help meet
your development schedules.

ADIsimPower™ Design Tool

ADI’'s ADIsimPower online design tool is a highly accurate, fast, and comprehensive power management circuit
design tool. ADIsimPower will guide you through a simple three-step process via a browser-friendly graphical user
interface (GUI). Simply input your design criteria and the tool will identify all available solutions, as well as provide
customized solution details. The list of outputs includes a schematic, a bill of materials (BOM), efficiency curves,
and other key performance specifications for your particular application.

Let ADI help you put the power back in your design. To start using ADIsimPower right now, go to
www.analog.com/ADIsimPower.
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ADIsimPower will customize and optimize your circuit design needs based on efficiency,
BOM count, cost, or overall Solution size to help dramatically improve time to market.

AVYNET

electronics marketing

www.em.avnet.com/adi

All prices in this bulletin are in USD in quantities greater than 1000
(unless otherwise noted), recommended lowest grade resale, FOB U.S.A.

Purchase of licensed 12C components of Analog Devices or one of its

i A i Ci ies conveys a license for the purchaser
under the Philips I2C Patent Rights to use these components in an
12C system, provided that the system conforms to the I2C Standard
Specification as defined by Philips.

©2008 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
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Order this valuable design book and optimize your PC board designs.
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No need to duplicate yourself

BuyerZone saves you time and money
on COPIERS AND MORE.

Get free advice, pricing articles, ratings and quotes on Business Purchases from digital copiers,
to phone systems, to payroll services and more. Visit BuyerZoneBusiness.com today to make
fast and efficient business purchase decisions. At BuyerZone, you're in control. We’re just here
to make your work easier.

Join the millions who’ve already saved time and money on many of their Office Equipment
purchases by taking advantage of BuyerZone’s FREE, no obligation services like:

* Quotes from multiple suppliers

* Pricing articles

* Buyer’s guides

e Supplier ratings

* Supplier comparisons

REQUEST FREE QUOTES NOW!

Call (866) 623-5564 or visit Buyerzvne

BuyerZoneBusmeSS-com Where Smart Businesses Buy and Sell

A division of

Reed Business Information.




TAPE-OUT COMES A LOT FASTER

WITH CALIBRE nmDRC.

INTEGRATED SYSTEM DESIGN + DESIGN FOR MANUFACTURING + ELECTRONIC SYSTEM LEVEL DESIGN + FUNCTIONAL VERIFICATION

Calibre® nmDRC | There's nothing like having an advantage when you're racing to market.

That's exactly what you get with Calibre nmDRC. Widely recognized as the world's most popular

physical verification solution, Calibre’s hyperscaling architecture produces the fastest run times Menbr
®
available. To accelerate things even more, Calibre nmDRC adds incremental verification and Grqphls

a dynamic results-viewing and debugging environment. Designers can check, fix and re-verify THE EDA TECHNOLOGY LEADER
DRC violations in parallel, dramatically reducing total cycle time. Start out and stay ahead of the

pack. Go to mentor.com/go/calibre_nmdrc or call us at 800.547.3000.

©2008 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics and Calibre are registered trademarks of Mentor Graphics Corporation.



SiGe PROCESSES
CAN GIVE ANALOG-
CIRCUIT DESIGNERS
FAST, HIGH-VOLT-
AGE TRANSISTORS
WITH LOW NOISE,
WHEREAS BICMOS
SiGe FITS INTO CMOS
PROCESS FLOWS.

BY PAUL RAKO ¢ TECHNICAL EDITOR

SILICON GERMANIUM:

FAST, QU

E—[ and

OWERFUL

MOS

a much harder time making the myriad
trade-offs necessary for a pure-analog-signal
or a mixed-signal part. One of the funda-
mental problems with fine-line CMOS is
the high cost of its mask set. That draw-
back makes the technology available only
to large-market ICs that can amortize the
cost. Analog-IC designers have alterna-
tives, however: Bipolar SiGe (silicon ger-
manium) and BiCMOS (bipolar-CMOS)
SiGe. In addition, germanium-strained-sil-

icon CMOS creates fast PMOS (positive-

(complementary-metal-
oxide-semiconductor) processes
have consistently surprised the
semiconductor industry. CMOS
prices decreased and CMOS
speeds increased, a scenario that
primarily benefits digital-IC de-
signers. A digital-IC designer
does not care that a part is run-
ning on 1V or less, as long as there is enough SNR
(signal-to-noise ratio) to discriminate a one from a
zero. Analog-circuitdesigners, on the otherhand, have

channel-MOS) transistors that
allow for fast, complementary
low-leakage digital design.

In germanium-strained sili-
con, manufacturers implant
germanium into the channel
of the PFETs (positive-channel
field-effect transistors). The
presence of the larger germani-
um atom stretches the silicon
lattice, providing faster car-
rier mobility (Figure 1). This
process is thus inherently more
complementary, with similar-
sized transistors for both the
negative- and the positive-channel devic-
es. In the hands of a good IC designer, the
performance of fast PNP (positive/nega-
tive/positive) transistors, even in digital
designs that ignore the transistor-level-
circuitry benefit, can improve because the
technology reduces both die area and cost.
Although electronics professors still teach
students that the drive currents of NFETs
(negative-channel FETs) are three times
those of PFETs, some industry observers
dispute that idea. “That [assumption] is no

SEPTEMBER 18, 2008 | EDN 27



longer true for modern processes,” says
Ric Borges, senior marketing manager
for TCAD (technology-computer-aid-
ed design) at Synopsys. “There are even
cases where the drive current of the
PMOS device is higher than that of the
NMOS [negative-channel-MOS] de-
vice, due to the strained silicon.”

When op-amp or RF designers discuss
SiGe, they are generally referring to bi-
polar SiGe (Figure 2). Because bipolar
SiGe is not a CMOS process, the bipo-
lar transistors can provide high perform-
ance. “SiGe HBTs [heterojunction-bi-
polar transistors] have SiGe alloys of
nanoscale thickness—say, 20% SiGe
over 50 nm—embedded in their base re-
gions, which are compositionally grad-
ed to boost their performance metrics
in a tunable way,” says John D Cressler,
the Ken Byers Professor at the Georgia
Institute of Technology. This alloy re-
sults in higher gain, higher frequency,
higher maximum frequency, lower-res-
olution bandwidth, lower noise floor,
lower flicker noise, and higher output
resistance than a similarly doped sili-
con-only bipolar transistor, he says. The
presence of fast, complementary PNP
transistors allows this process to make
operational amplifiers with gain-band-
width products greater than 1 GHz. Just
as important, SiGe’s lower noise figure
helps the amplifier deliver remarkable
performance, and its operating volt-

SILICON-GERMANIUM POCKET
(20% GERMANIUM)

SILICON SUBSTRATE (100%)

AT A GLANCE "

H SiGe (silicon germanium) can be
a purely bipolar process, a BICMOS
(bipolar-complementary-metal-
oxide-semiconductor) process, or a
strained-silicon process in CMOS
PFETs (positive-channel field-effect
transistors).

B In strained-CMOS PFETs, the
germanium increases the mobility
of carriers in the P channel.

In bipolar or BICMOS process-
es, the germanium resides in an epi-
taxial film to create the base region.

Bipolar SiGe changes the band-
gap in the base area and allows
higher dopant concentrations.

Bl SiGe processes use normal fab
flows, requiring only the addition of
the epitaxial reactor.

B SiGe ICs can use available tool
flows.

Bl SiGe has a niche in analog and
RF parts that benefit from the low
cost and integration of silicon but
do not need the performance of
I1I-V-semiconductors—those com-
bining an element from the third
column of the periodic table with an
element from the fifth column.

age can be higher than that of CMOS
processes, increasing SNR in RF receiv-
ers. This higher voltage is an essential

POLYSILICON
GATE

SHALLOW-
TRENCH-
ISOLATION OXIDE

Figure 1 A strained-silicon PFET has germanium in the channel region to increase
carrier mobility and, thus, speed (courtesy Synopsys).
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feature of RF-power amplifiers. SiGe
also provides better linearity, which is
essential in modern modulation schemes
in which the RF envelope contains the
information (Reference 1).

“Even in the industrial [market],
where you want higher-voltage parts,
SiGe is an enabling technology due
to the increased beta [current-gain]
and early-voltage benefits,” says Tim
Kalthoff, a TI fellow and chief tech-
nologist for high-performance analog at
Texas Instruments. “You get higher gain
and better precision with better distor-
tion characteristics because of SiGe,”
he says. SiGe transistors are superior
to other bipolar transistors in almost
every figure of merit. SiGe exhibits
many of the same trade-offs as silicon
transistors, but, because its performance
metrics are all on a higher baseline, you
can tune a SiGe process to surpass the
performance of silicon transistors in al-
most any specification without letting
any other specification fall below best
in class for silicon. In addition, the pro-
cess can use not only trench isolation,
but also full dielectric isolation for low
stray capacitance and maximum speed
(Figure 3).

These processes are ideal for mixed-
signal parts that need the blazing speed
of SiGe and the signal-processing con-
trol of CMOS. Because the CMOS in
these processes is generally two genera-
tions old, the line widths are 135 nm or
more. This width can provide benefits
such as higher-voltage operation, but it
also provides a significant cost penalty
for the digital part of the chip. For this
reason, designers of low-cost, high-vol-
ume digital circuits prefer to stick with
CMOS if possible and move the RF or
analog to a separate chip if they cannot

design it in CMOS.

HISTORY OF A PROCESS

In the 1950s, Herbert Kroemer, a pro-
fessor of physics at the University of
California—Santa Barbara, proposed
the HBT. Russian physicist Zhores I Al-
ferov, who in 2002 shared the Nobel
Prize with Kroemer, independently in-
vented the heterotransistor. Kroemer’s
research focused on III-V compounds,
such as GaAs (gallium arsenide), which
are semiconductors that combine an el-
ement from the third column of the pe-
riodic table and an element from the



Power That Gives You The Best Of

Both Technology Worlds

Switcher Efficiency Combined With LDO Noise And Transient Performance

The M |C38300 is a 3A step down converter and the first
device in a new generation of HELDO™ products providing the
benefits of LDOs with respect to ease of use, fast transient
performance, high PSRR and low noise while offering the
efficiency of a switching regulator.

As output voltages move lower, the output noise and transient
response of a switching requlator become an increasing challenge
for designers. By combining a switcher whose output is slaved to

the input of a high performance LDO, high efficiency is achieved
with a clean low-noise output.

For more information, contact your local Micrel sales representa-
tive or visit us at: www.micrel.com/ad/mic38300.

© 2008 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc.
HELDO is a trademark of Micrel, Inc. MLF is a registered trademark of Amkor Technology.
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Good Stuff:

2.2A Continuous operating current

Input voltage range: 3.0V to 5.5V

Adjustable output voltage down to 1.0V
Output noise less than 5mV

Ultra fast transient performance

Unique Switcher plus LDO architecture

Fully integrated MOSFET switches
Micro-power shutdown

Easy upgrade from LDO as power dissipation becomes an issue
Thermal shutdown and current limit protection
4mm x 6mm x 0.9mm MLF ® package
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PCB Connectors | I/0 Connectors Housings|Systems|

[
10mm

Believe it!
4.9 Amps
per Contact.

The ERNI MiniBridge 1.27mm pitch single
row connector goes beyond expectations.
Optimal signal integrity is guaranteed with our
patented, robust female contacts, secure SMT
soldering with mechanical relief anchors, and
hardy vibration resistance with either positive or
friction lock options. The ERNI MiniBridge is
used to connect LED brake lights in some of the
world's fastest cars, and battery packs in the
life-saving, wearable electronics used by
firefighters. Their cost effectiveness also makes
them ideal for use in communications equip-
ment fan trays. In fact, their uses are virtually
unlimited. MiniBridge is available in many con-
figurations and positions, and in either discrete
or ribbon cable assemblies.

Your design deserves the most reliable solution-
available. Don’t compromise and do expect
more from your connectors. ERNI will deliver on
your expectations.

To test drive a free sample, visit our Web site or
give us a call.

USA: 1-800-296-3764
Europe: +49 7166 500

Asia: +65 6 555 5885
www.erni.com/minibridge
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Figure 2 This silicon-germanium NPN HBT has trench-isolated devices on a junction-
isolated substrate (courtesy John Cressler, Georgia Institute of Technology).
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Figure 3 In addition to trench isolation between devices, SiGe processes can use a
bottom oxide to achieve full dielectric isolation (courtesy Texas Instruments).

fifth column. By 1987, seeking a process
to use in mainframe computers, IBM
adapted the HBT to silicon processes
(Reference 2).

Engineers at the company knew that
they could achieve higher speeds with
SiGe, but CMOS designs offered low-
er power consumption—critical to that
era’s mainframe computers. Knowing
that SiGe produced superior transistors,
IBM repurposed the SiGe process for use
in analog- and mixed-signal RF ICs, us-
ing a high-vacuum-deposition system,
according to Jeff Babcock, principal in-
tegration-device engineer at National
Semiconductor (Figure 4). Universi-
ties, including the Georgia Institute of
Technology, are assisting in the develop-
ment of SiGe processes. Georgia Tech’s
Professor Cressler has dedicated an en-
tire lab to pursuing this transistor tech-
nology to its limits.

Soon, other semiconductor compa-
nies started to see the potential for SiGe
in their analog designs. Analog Devices

in 1993 formed an alliance with IBM,

and Texas Instruments developed sever-
al similar processes for op amps and RF
designs. National Semiconductor also
uses multiple SiGe processes, including
bipolar SiGe, which finds use in ampli-
fiers, and BiCMOS SiGe, which finds
use in interface and mixed-signal prod-
ucts. Maxim Integrated Products is using
SiGe to assist in its expansion into RF
ICs. Several fabs, including Jazz, NEC,
and austriamicrosystems, also offer SiGe
processes (Reference 3). IBM has not
rested on its laurels, either, having re-
cently announced SiGe transistors that
have unity-gain frequencies approach-
ing 300 GHz at low temperatures. Re-
searchers expect by the end of the de-
cade to have 500-GHz SiGe as well as
300-GHz unity-gain frequency at room
temperature.

The HBT uses fundamental phys-
ics and quantum mechanics to achieve
speeds in the hundreds of gigahertz.
CMOS processes can achieve speed only
by reducing device geometries, so oper-
ating voltages must be lower to prevent
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...only Keithley delivers an intuitive, integrated, one-box solution
for DC I-V, pulse, and C-V characterization

m Integrate multiple test types easily into a
single automated test sequence.

Save time with our extensive C-V test library
and built-in parameter extractions.

m Get your system up and running quickly and
simply with turnkey application packages.

® Don‘t get stuck with obsolete hardware —
get a system engineered to grow with you cost-
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World-Trusted
Data Acquisition

Simple, Secure, Wi-Fi DAQ

= Up to 50 kS/s/ch, 24-bit
measurement resolution

= 128-bit AES data encryption
= Starting at $699"

Multifunction USB DAQ
= Up to 1.25 MS/s, 16 bits
= Starting at $159"

High-Performance PC DAQ
= Up to 4 MS/s/ch, 16 bits

= PCl and PXI Express
options available

= Starting at $429°

breakdown across the transistors. For
digital circuitry, that approach is accept-
able because the transistors must convey
only on and off states. But for analog,
the SNR with this approach soon be-
comes unacceptable. To even approach
100 GHz, CMOS devices must decrease
to sizes that will withstand a power-sup-
ply voltage of only 1V or less. “The real
limitation of CMOS is the ever-drop-
ping voltage,” says Jean-Marc Mourant,
senior scientist of IC design at Maxim
Integrated Products. CMOS is the pur-
view of low-performance applications in
which cost and integration are primary,
he says.

As the name heterojunction implies,
the base of a SiGe transistor is the area
that combines silicon and the germani-
um that an epitaxial reaction deposits. If
you want to add SiGe to a CMOS line,
you have to purchase only one epitaxial
reactor, and the rest of the fab flow re-
mains the same. The germanium in the
silicon lattice provides far more ben-
efits to a bipolar transistor than it does
to the germanium-implanted channel of
a strained-silicon-CMOS process. Like
with the strained silicon, the mobility
increases, but you derive more benefit
from the change in the bandgap. For
this reason, HBT processes benefit from
bandgap engineering.

f

SILICON GERVANIUM [0

Germanium allows higher dopant
concentrations in the base region. “You
are lowering the base resistance with-
out killing the current gain,” says Der-
ek Kimpton, parasitics-product-line
manager at TCAD-simulation-software
manufacturer Silvaco. “The lower base
resistance of the SiGe HBT also has the
added benefit of creating a low-noise
device, an important criterion for RF-
circuit designers.” The whole idea be-
hind SiGe, like any other HBT, is that
you can use more dopant for the base
because a bandgap exists between the
base and the emitter, so emitter-injec-
tion efficiency remains stable, according
to Robb Johnson, PhD, director of tech-
nology at fabless-components company
Inphi. “You can dope the base higher
without killing the device performance,
and, at the same time, you can make the
base narrower and speed up the transit
time,” he says.

Using SiGe also increases the f, the
unity-gain frequency of a transistor’s
short-circuit current gain. The doping
concentration creates a field that accel-
erates the electrons in the devices (Fig-
ure 5). In a conventional silicon transis-
tor, higher doping would lower the cur-
rent gain and allow leakage back to the
collector. In a SiGe transistor, the band-
gap potentials maximize the current

TUNGSTEN

>> Find the right DAQ
device for your
project at ni.com/daq
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Figure 4 After dielectric etching, a color-enhanced micrograph of a SiGe transistor
showcases the device. A real device has no air or vacuum between regions (courtesy
Subramanian S lyer, IBM).
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gain and minimize leakage. The higher
dopant concentration makes the silicon
act more like a metal and less like an in-
sulator. The base is more conductive,
and the base resistance decreases, mak-
ing the noise factor in SiGe transistors
better than that of pure-silicon devices.
As with all other analog processes, how-
ever, you must make trade-offs: lower
emitter resistance or reduced leakage,
for example. You achieve all these per-
formance enhancements on a process
line that differs little from that of any
other silicon fab.

“If you increase the base dopant in
a regular transistor, you can reduce the
base resistance and improve the Ear-
ly voltage, but you usually kill the cur-
rent gain,” says Marco Corsi, a fellow at
Texas Instruments. Early voltage takes its
name from its discoverer, US engineer
James M Early. The Early Effect is the
variation in the width of the

Go fo www.edn.com/080918df
and click on Feedback Loop to post
a comment on this article.

For more feature articles, go to
www.edn.com/features.

lower with SiGe than it would be in an
otherwise-comparable silicon transis-
tor,” says Scharf.

All of these benefits yield better tran-
sistors, according to David Harame, a
fellow and director of derivative- and
value-added-technology development at
IBM. Developers of HBTs build the de-
vices vertically, whereas CMOS’ devel-
opers base the devices on lateral scaling
and lithography. “The SiGe allows you
to improve the overall figure of merit,”
says TD’s Corsi. “Particularly with the
PNPD, it allows you to make the transis-

base in a BJT (bipolar-junc-
tion transistor) due to a vari-
ation in the applied base-to-
collector voltage. “You can’t
run the transistor at high cur-
rent density if you don’t have
any current gain,” says Corsi.  morons
“The SiGe improves the cur-
rent gain, which allows you to
run higher base dopings.” .
Mike Maida, National
Semiconductor’s chief tech- 4
nologist, adds: “By putting
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germanium into the silicon, Figure 5 Varying the doping concentration across the

you get a variable bandgap as
a function of distance. This
[approach] gives you another
handle to tweak the current
gain.” According to Maida,
you needn’t trade off cur-
rent gain versus base resis-
tance. The thermal noise of
the base resistance appears as
a noise term, and higher base
resistance also degrades the
maximum frequency. Brad
Scharf, a fellow at Analog
Devices, explains that factors
that decrease base resistance
also derive from factors such
as geometry shrinkage that
do not directly relate to add-
ing germanium. “The beta
Early-voltage product is also
an indication that the base
resistance in the transistor is

base of a SiGe transistor creates an electric field that
accelerates the electrons and speeds up the device
(courtesy Silvaco).
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Figure 6 By modeling the physical transistor, a CAD
tool can help derive design rules and device charac-
teristics (courtesy Silvaco).
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tor much closer to the performance of
the NPN. This ... symmetrical process
is great for building amplifiers and linear
circuits.” In short, using SiGe processes
yields speed, along with low noise, high-
er voltage, lower power, and all the fur-
ther benefits of the improved specs.

NO ROSE-COLORED GLASSES

Not everything in the SiGe world is
perfect. Almost every analog-semicon-
ductor company has a horror story about
moving a process from one fab to anoth-
er and losing the process, sometimes for
years. Adding a machine cannot reduce
capitol costs or improve yield. “The fact
that you have more process steps has to
hurt the yield; 10% more process steps
automatically give you a few percentage
points less yield,” says Artur Balasinski,
process-technology-development-engi-
neering manager at Cypress Semicon-
ductor. BICMOS SiGe involves other
cost implications, as well. Because the
BiCMOS processes have wider lines
and larger geometries, the dice are larger
than those using the latest CMOS pro-
cesses. And, even though the BiICMOS
mask set is cheaper, the process makes
little sense for high-volume parts with
predominantly digital content. “Going
back two generations to implement
something that is merely ‘faster’ but
doesn’t provide you with much other
competitive advantage and is also faster
in a domain that you may not care about
much makes BICMOS a hard sell,” says
Balasinski.

The trade-offs favoring SiGe depend
on each company’s experience, capabili-
ties, and strategy. National Semiconduc-
tor’s use of SiGe BiCMOS in its inter-
face parts makes sense because a serializ-
er or a deserializer needs a handful of fast
transistors to handle the 5- or 10-Gbps
serial-data stream, which is an analog
signal. Once inside the chip, the par-
allel-data flow runs at speeds that con-
ventional CMOS can handle. Because
these parts have few digital-processing
needs, the benefits of SiGe outweigh the
geometry hit of a BICMOS process.

An advantage of SiGe models is that
they can work with available tools.
“Models for analog devices require a
high degree of sophistication,” says Sub-
ramanian S lyer, a distinguished engi-
neer and chief technologist at IBM. “A
bipolar transistor definitely has a more
complex model. We have [provided]

ALMOST
EVERY
ANALOG-
SEMICONDUCTOR
COMPANY HAS A HOR-
ROR STORY ABOUT
MOVING A PROCESS
FROM ONE FAB TO
ANOTHER AND LOSING
THE PROCESS, SOME-
TIMES FOR YEARS.

and will continue to provide a robust,
accurate model. We have been so suc-
cessful in our analog- and mixed-signal
effort [because of the] attention we have
paid to generating, testing, and verifying
these models.”

This observation does not dismiss
the issues of adding bipolar SiGe to a
CMOS flow, however. “With CMOS,
you have a limited number of device
models,” says Cypress’ Balasinski. “You
have a particular number of transistors,
and interpolation doesn’t always work.
More often than not, for analog you
have discrete models. If you throw in
the modeling complexity of BICMOS,
then it kind of kills you right away be-
cause you have so much more to main-
tain to build similar kinds of devices.
You have 20 to 50 transistor models,
and this number then doubles because
you have to have a model for each varia-
tion of a bipolar transistor.” Calibrating,
developing, maintaining, verifying, and
testing these models; keeping the line
up for model validity; and ensuring that
the models don’t diverge take a lot of
effort, he notes. Getting those models
into a product is even more work. For
example, you may want to transfer your
models to TSMC (Taiwan Semiconduc-
tor Manufacturing Co). “You can have
them copy exactly, but [TSMC] needs to
keep track of your models, and match-
ing them is no small task because the
company may have totally different tool
sets.” Further complicating these issues,
all analog processes are highly sensitive
to change. “We are talking about subtle
things that may work in one fab and not
in another,” he says.
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The same situation holds true for
strained silicon in CMOS: “In general,
selective SiGe is a sensitive process,”
says Sri Samavedam, manager of 32-nm
bulk integration at Freescale Semicon-
ductor. “Any time you tweak or make
any process change you have to rechar-
acterize all the parameters.”

Marc Goldfarb, a design engineer with
Analog Devices, points out that trench
and dielectric isolation also affects the
models, meaning that you must consider
thermal effects. “Trench and dielectric
isolation result in slightly different ther-
mal profiles,” he says.

The need for sophisticated tools is not
so much a function of the SiGe itself
as the fact that, if you are using SiGe,
you are probably designing a high-per-
formance IC that needs sophisticated
tools to ensure that the part will work
properly. SiGe models can plug into
midrange Spice tools, such as Cadence/
Orcad’s PSpice, as well as Synopsys’ in-
dustry-standard HSpice. SiGe ICs most
likely operate at nearly RF frequencies,
however, so it also makes sense to have
a field solver in the tool flow to ensure
that crosstalk and interactions between
circuits are not objectionable (Refer-
ence 4). In addition, fast chips are in-
corporating spiral inductors to make
tank circuits. You may also want a tool
set that can do the physics modeling,
which helps you establish design rules
so that your device behaves as it should
after layout. “We are using a compu-
tational grid—a mesh,” says Synop-
sys’ Borge. “On that grid, we are solv-
ing the semiconductor equations. It is
first-principle physics, and, more re-
cently, we have had to include quan-
tum-mechanical effects, particularly
for the channels in the PMOS devic-
es.” Full-featured SiGe tools include a
Spice engine, a field solver for the RE
and a physics modeler for the transistors
(Figure 6).

The future of SiGe is good in view of
its main competition, the -V semi-
conductors, including gallium arsenide
and indium phosphide. Although III-V
compounds are even faster than SiGe,
they are also more costly. Worse yet, the
lack of an effective oxide layer in III-V
semiconductors makes them less appeal-
ing for integration of entire subsystems
on a die. Furthermore, the fabs that
make these ICs all have smaller wafers;
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6-in. wafers are common. The special-
ized needs of these devices mean that
you cannot fabricate them on any vari-
ant of a CMOS-fab flow. SiGe’s benefits
really pay off in RF amplifiers. “SiGe
RF-power amps have a big advantage,”
says National Semiconductor’s Maida.
“You can integrate them with CMOS so
you no longer need an expensive, eso-
teric, gallium-arsenide die that sits by
itself.”EDN
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Do we redlly need two
digital-display-interface
standards?
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isplayPort proponents bill this digital-vid-
eo-I/O standard as a no-royalties, scalable,
extensible, open-standard interface that re-
duces connector footprint and cable clutter,
lowers power consumption and cost, elimi-
nates the need for some circuitry, and uni-
fies interfaces in the boxes that connect to
the home network. VESA (Video Electron-

ics Standards Association), which introduced

DisplayPort in 2006, last year ratified DisplayPort version 1.1a.
Silicon is beginning to appear in PCs, LCD monitors, and ca-
ble assemblies, as well as in some motherboards and graph-
ics cards. PC makers initially developed DisplayPort to ad-
dress computing-world concerns and replace the external,

box-to-box, analog-VGA (video-graph-
ics-array) interfaces in PC and LCD
monitors, as well as in CE (consumer-
electronics) equipment, but it also tar-
gets the external DVI (digital-visual-in-
terface) connectors you find mostly in
CE systems. It even promises to replace
the internal, board-to-display, LVDS
(low-voltage-differential-signaling)
links in both PC and CE devices.

During the past couple of years, how-
ever, while VESA was hashing out the
standard and getting working Display-
Port chips and systems operating and
certified, manufacturers began ship-
ping high volumes of silicon for the
older, external-only, HDMI (high-def-
inition-multimedia-interface) digital-
video-interface standard. The design-
ers of HDMI created it to replace DVI
and based it on DVT’s legacy raster-scan
CRT architecture. Despite the $5000
to $10,000 annual fee and royalty
structure of 4 cents per device, HDMI
ports now see use in several hundred
million digital TVs and other CE equip-
ment that incorporates digital video,
such as game consoles, DVD (digital-
video-disc) players, Blu-ray-disc play-
ers, and digital-set-top boxes. Perhaps
more important to DisplayPort support-
ers, HDMI has also begun to appear in
graphics cards, PCs, and monitors to
enable connectivity to HDTVs (high-
definition televisions).

According to Brian O’Rourke, prin-
cipal analyst for In-Stat, although man-
ufacturers will ship limited amounts
of DisplayPort-enabled products dur-
ing 2008, shipments will grow to more
than 600 million units in 2012. Most

of these shipments will be PCs
and PC peripherals (Figure
1). “I don’t see DisplayPort re-
ally gaining significant market
share in the consumer-electron-
ics world in the next five years,”
says O'Rourke. “During that time, it
will dominate the PC and PC-periph-
eral world, and HDMI will dominate
the consumer-electronics world. HDMI
has buy-in from the big consumer-elec-
tronics manufacturers, and they tend to
be conservative. The key for DisplayPo-
rt in the PC segment is that you can get
rid of both the DVI controller and the
VGA silicon.” In 2007, manufacturers
included DVI in 13% of desktop PCs,
28% of desktop PC monitors, about
16% of LCD-notebook-PC monitors,
and all after-market graphics cards.

One reason HDMI ports are growing
so fast is the increasing port density in
PC displays and TV monitors, says Ran-
dy Lawson, iSuppli’s senior analyst for
display electronics. Multifunction PC
monitors are becoming more common,
typically with two ports, and HDMI
is replacing the old DVI port. “Some
PC-flat-panel-monitor makers are very
pro-HDMI, especially outside the U.S.,
where people often use their PC moni-
tors as displays for video,” says Lawson.
“Perhaps surprisingly, this is one area
where there will be real competition
between HDMI and DisplayPort.” In
fact, iSuppli expects HDMI’s adoption
rate in PC monitors to outpace Display-
Port’s until 2010, when DisplayPort will
dominate desktop and notebook PCs.
To some extent, this situation will also
occur because of the higher initial cost

DISPLAYPORT
SILICON IS BEGIN-
NING TO APPEAR

IN PCs, LCD MONI-
TORS, AND GRAPH-
ICS CARDS. BUT IT
WILL PROBABLY BE
AT LEAST FIVE YEARS
BEFORE PRICES FALL
AND VOLUMES
RAMP ENOUGH
TO CHALLENGE
HDMI IN CONSUMER
ELECTRONICS.
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of first-generation DisplayPort silicon.
The HDMI-enabled-equipment market
will expand even more as designers of
additional consumer equipment, such as
high-definition camcorders and video-
game consoles, move to support high-
definition video.

DIGITAL AUDIO/VIDEO AT HOME
This competition is heating up be-
cause the proliferation and distribution
of digital-video and -audio content are
driving product development in both
computing and CE, as well as in com-
munications, and they’re all converg-
ing in the home network. There’s also
the advent of high-definition video and
content-protection and DRM (digital-
rights-management) issues.

The developers of the HDMI standard,
now in its fourth generation, designed it
primarily as an external interface for digi-
tal TVs, especially HDTVs. DisplayPort’s
developers designed it from the ground
up as a general-purpose internal and ex-
ternal display interface for computing
equipment. Both standards digitize ana-
log-video signals but in different ways
(Table 1, available in the Web version of
this article at www.edn.com/080918cs).
Because HDMI's designers based its ras-
ter-scan architecture on the serial- TMDS
(transition-minimized-differential-sig-
naling) protocol, it sends each color over
a separate data channel, plus another
lane for the dedicated TMDS clock.
Therefore, it always requires the use of all
four lanes. Audio transfers occur during

AT A GLANCE

VESA (Video Electronics
Standards Association) finalized the
DisplayPort digital-video-1/O speci-
fication in April 2007, and silicon
has appeared this year in PCs, LCD
monitors, and cable assemblies, as
well as in some motherboards and
graphics cards.

Products employing DisplayPort
include Lenovo's ThinkPad, Hewlett-
Packard’'s DreamColor LCD monitor,
several AMD ATI graphics cards,
AMD's 780G chip set, and Intel's
45 Express chip set for Centrino 2.

Bl The HDMI (high-definition-multi-
media-interface) standard has more
than 800 adopters, and shipments
of HDMI-enabled units reached 192
million in 2007.

Bl Semiconductor analysts are rela-
tively bullish on DisplayPort’s ability
to penetrate PC-system markets,
but whether and to what extent

it can also make its mark in CE
(consumer-electronics) equipment
remains to be seen.

horizontal- and vertical-display-blanking
periods. HDMI also uses two additional
channels: a bidirectional auxiliary-con-
trol/status channel, and a high-level de-
vice-control channel. For DRM, it relies
on the HDCP (high-bandwidth-digital-
content-protection) scheme, currently
HDCP 1.3.

In contrast, DisplayPort combines au-
dio, video, and control data into pack-
ets, such as those in data networks. This
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Figure 1 Total DisplayPort-enabled device shipments will grow to just over 600 million in

2012 (courtesy In-Stat).
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packet-based architecture lets you use
one, two, or four data channels to trade
off screen resolution, pixel depth, frame
rate, and additional data, such as au-
dio or DRM information. A 1-Mbps,
bidirectional auxiliary channel provides
link management and device control.
DisplayPort’s embedded clock elimi-
nates the need for extra circuitry and
streamlines its already-scalable design,
making it easier for designers to increase
data rates in the future. The embedded
clock also helps avoid common frequen-
cy conflicts between an LVDS clock and
other clock sources, such as radios.

Although DisplayPort supports con-
tent protection through the DPCP
(DisplayPort Content Protection) en-
cryption protocol, adopting the HDCP
scheme, the standard does not require
it. It does efficiently encrypt DisplayPort
packets and the HDMI signal in one
HDCP 1.3 block, says Pericom Semi-
conductor’s Abdullah Raouf, product-
marketing manager for switch and inter-
face marketing and a member of VESA’s
DisplayPort Task Group. VESA antici-
pates that all consumer applications of
DisplayPort will include content protec-
tion, which will require specifications
and license agreements separate from
the DisplayPort spec.

“The major advantage of Display-
Port’s packet architecture is the variable
possible number of wires in the cable,”
says Bruce Montag, chairman of the Dis-
playPort Task Group and senior techni-
cal-staff member at Dell. As notebook
computers continue to get smaller, their
display resolution and color-bit depth
increase, and designers add communi-
cation capabilities by routing antennas
through the notebook’s hinge, where
reducing the number of wires becomes
a primary concern. DisplayPort enables
thinner, smaller-form-factor monitors
because the signal can go directly from
the PC to the glass in the monitor in
direct-drive, end-to-end configurations
that replace LVDS with DisplayPort. In
addition, the LVDS auxiliary channel
is one-way, whereas DisplayPort’s bidi-
rectional channel provides the ability
to perform additional functions, such as
notebook-backlight control.

Direct-drive monitors that remove the
scalar from the mix can save 15 to 20%
in overall monitor BOM (bill-of-materi-
als) costs, including the PCB (printed-
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circuit board), processor, capacitors, and
resistors, says Ji Park, vice president and
general manager of the digital-display
operation of IDT (Integrated Device
Technology). It also means an oppor-
tunity to integrate the display’s timing
controller with the DisplayPort receiver,
as IDT has done in its PanelPort timing-
controller silicon, which targets moni-
tor, notebook, and LCD-HDTYV panels.

Even without also replacing the ex-
ternal video interface, however, Display-
Port’s potential for replacing the embed-

To ensure interoperability among de-
vices from multiple vendors that con-
tain external DisplayPort interfaces,
VESA (Video Electronics Standards
Association) has instituted a Display-
Port-compliance, -testing, and -certifi-
cation program. You can now connect
DisplayPort-enabled boxes compliant
with multimode DisplayPort to other
display interfaces in current or legacy
TVs and other PC or CE (consum-

DISPLAYPORT

ded, multipin internal LVDS interface in
an LCD panel may hold the key to the
standard’s market penetration, especial-
ly in notebook PCs and LCD TVs, says
iSuppli’s Lawson. The company fore-
casts shipments of more than 600 mil-
lion mobile PCs and 550 million LCD
TVs between 2008 and 2011.

DISPLAYPORT-SILICON ISSUES

As process geometries get smaller,
DisplayPort is also easier than HDMI to
integrate and implement in silicon. Al-

er-electronics) equipment through
adapters, or dongles ( ). The
VESA DisplayPort Interoperability
Guidelines, which the association re-
leased in 2007, address DisplayPort-
to-DVI (digital-visual-interface) and
DisplayPort-to-HDMI (high-definition-
multimedia-interface) adapters. VESA
is working on other types of adapters,
such as DisplayPort-to-VGA (video-
graphics array), and is evaluating the

DISPLAYPORT

DISPLAYPORT CABLE

DVI
ADAPTER

DISPLAYPORT,

DVI, OR HDMI

il

VGA
ADAPTER

DVI-TO-HDMI CABLE

HDMI
ADAPTER

=

HDMI CABLE
== || -
P e

an Kobayashi, director of R&D for the
DisplayPort/TV/monitor division of ST-
Microelectronics’ home-entertainment
and displays group, wrote the original
draft of the DisplayPort spec during his
tenure with Genesis Microchip, which
STMicroelectronics recently acquired.
“Although LVDS is very well-accepted
in the industry, as semiconductor pro-
cesses shrink, it’s not the most optimal
technology,” he says. For LVDS to han-
dle 1920%1200-pixel resolution and
8 bits per color, it needs 10 high-speed

need to certify embedded implemen-
tations of the spec.

“DisplayPort has been designed
with backward compatibility in mind,’
says Devang Sachdey, Nvidia’s techni-
cal-marketing manager and a mem-
ber of the VESA board of directors.
“There’s already a large installed base
for VGA and DVI, and these interfaces
will be around for quite some time.
That’s why the DisplayPort standard

MULTIFUNCTION MONITOR WITH SINGLE CABLE CONNECTION

DISPLAYPORT MONITOR

DUAL-LINK
DVvI

HDMI
VIDEO
_

VESA DisplayPort-multimode-interoperability guidelines enable connectivity to other display interfaces (courtesy Video

Electronics Standards Association).

42 EDN | SEPTEMBER 18, 2008




differential-signal pairs, or 20 wires. For
the same function, DisplayPort reduces
this requirement to only two pairs, or
four wires. An LVDS implementation
requires at least 3.3 or 2.5V, so it’s be-
coming increasingly difficult at 45-nm
and smaller process geometries.

Because DisplayPort is ac-coupled, in-
stead of dc-coupled like HDMLI, it has a
lower voltage swing and a different ter-
mination scheme. You must terminate
HDMI only at the receiver and pull it
up to 3.3V, says Pericom’s Raouf. But

enables interoperability between
DisplayPort-capable devices and
DVI/HDMiI-capable devices through
the use of adapters,’ he says.

The DVI and HDMI adapters in-
clude a chip that performs voltage-
level shifting but does not perform
format conversion from DisplayPort
to DVI or HDMI, says Bruce Mon-
tag, chairman of VESA’s DisplayPort
Task Group and senior technical-
staff member at Dell. The adapters
don’t need to perform format con-
version because multimode Dis-
playPort GPUs (graphics-processing
units), which also support DVI/
HDMI signaling, detect the pres-
ence of these adapters and transmit
signals in the format compatible
with the display to which they con-
nect. This ability is key for systems,
such as ultrathin notebook comput-
ers, that have enough space for on-
ly one display connector but must
connect to a variety of displays.

Voltage-level-shifting chips, which
run on power from the DisplayPort
connector’s power pin, are avail-
able from vendors such as Pericom
Semiconductor. Pericom’s chips
provide the electrical bridge that
converts the low-swing, ac-coupled
DisplayPort signal to the dc-coupled
TMDS (transition-minimized-dif-
ferential signaling) that HDMI and
DVI use. They also include a circuit
to eliminate jitter, which increases
with rising transmission speeds,
says Abdullah Raouf, Pericom’s
product-marketing manager for
switch and interface marketing.

you can terminate DisplayPort at both
the source and the receiver, and it can
never exceed 2V, per the spec, helping
to lower power consumption. HDMI’s
[/O-voltage limitation becomes more of
a constraint with shrinking process ge-
ometries, increasing cost and die size.
DisplayPort’s lower voltage swing also
helps reduce EMI (electromagnetic in-
terference).

DisplayPort transmitters are in all of
the newer north-bridge chip sets’ inte-
grated graphics, as well as in discrete

DisplayPort also supports longer
cables than most available today
for DVI or HDMI-as long as 15m
for a source and a display that are
both DisplayPort-compliant. This
capability is important for several
uses, such as digital projectors.
The connector is latchable to avoid
cable falloff, which can occur with
heavier cables. Although Display-
Port runs over Category 5 cable,
HDMI requires the more expensive
Category 2 type. However, other
options include cables equipped
with Gennum’s ActiveConnect-
receiver silicon, which enable
reaches as long as 100m at maxi-
mum bandwidth for either HDMI or
DisplayPort.

One of HDMVI’s major shortfalls
is its inability to daisy-chain multi-
ple monitors in a single HDMI con-
nection-the fault of its TMDS pro-
tocol, says Ji Park, vice president
and general manager of the digi-
tal-display operation of IDT (Inte-
grated Device Technology). There-
fore, you need multiple graphics
cards for multiple monitors, he
says. “But DisplayPort’s extensible
architecture lets you assign each
monitor a certain address or a cer-
tain lane and hence support mul-
tiple monitors with a single source

. device”

.  REFERENCE

. A “DisplayPort compliance program
overview,” www.displayport.org/

. compliance-standards/

. Compliance-Program-Overview.htm.

GPUs (graphics-processing units) on
graphics cards, according to VESA’s
Montag. “Older GPUs can use a discrete
DisplayPort-transmitter chip, but the
need for that [part] is diminishing,” he
says. Although vendors such as Analogix
Semiconductor and STMicroelectron-
ics will offer discrete DisplayPort silicon
in 2008, “the market is quickly moving
toward the integration of DisplayPort
IP [intellectual property] into a north-
bridge or a discrete-graphics solution,”
says In-Stat’s O’'Rourke.

Intel and AMD have announced sup-
port for both DisplayPort and HDMI in
chip sets for some of their latest proces-
sors: Intel’s 45 Express chip set for Cen-
trino 2 and AMD’s 780G chip set. “Our
next-generation discrete GPUs, as well as
motherboard GPUs, will support a myr-
iad of connectivity options, including
HDMI, DVI, VGA, and, of course, Dis-
playPort,” says Devang Sachdev, Nvid-
ia’s technical-marketing manager and a
member of the VESA board of directors.
“This [approach] affords our partners and
customers the greatest flexibility.”

DUAL STANDARDS, MARKETS

HDMTI’s presence in notebook comput-
ers and in TVs and other CE equipment
means that HDMI is quickly becoming
the method of convergence. Although
consumers may be converging PC and
CE equipment in their own home net-
works, however, many manufacturers
see the two as separate markets. Display-
Port backers now talk about coexistence,
with HDMI leading in CE and Display-
Port leading in PCs (see sidebar “In-
teroperability and backward-compatibil-
ity issues”). In the early days of the spec’s
development, however, the debate was
more heated. In particular, some suppli-
ers of HDMI silicon for the CE market,
especially for large digital-TV OEMs, see
little value in DisplayPort.

New consumer features should dif-
ferentiate DisplayPort from HDMI, says
Doug Bartow, strategic-marketing man-
ager for the advanced-TV segment at
Analog Devices, who participated in
DisplayPort standards development. “In
our view, there are no consumer features
in DisplayPort that distinguish it over
HDMI,” he says. “As an engineer, I think
that DisplayPort is a well-constructed
display standard, and, if it were available
three to four years ago, we'd all be using
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it. But HDMI is already here, and it will
provide significant headwinds for market
penetration of DisplayPort.” Analog De-
vices makes silicon for DVI, VGA, and
HDMI for the top 20 TV manufacturers.
Although the company has implemented
DisplayPort test chips, it has found insuf-
ficient demand from customers to fund
the chip development, adds Barstow.

The need for systems and silicon that
deliver digital content is growing even
beyond the traditional home network,
at least on the CE end. “There’s been
a big switch out there in the manner
of delivering digital content,” says Dale
Zimmerman, vice president of world-
wide marketing for Silicon Image. The
company co-founded the HDMI speci-
fication, manufactures HDMI silicon,
and licenses HDMI cores under its
wholly owned subsidiary, HDMI Licens-
ing. This explosion has happened for a
number of reasons, he says. In particular,
there are multiple sources of digital-vid-
eo content and broadening distribution
channels for delivering it. For example,
one of the newest content sources is the
mobile phone, and far more people own
one of these devices than own a PC.

The size of the CE market is several
times that of the PC market; there are
more types of boxes, and many more
people have them. Adding mobile de-
vices could double the size of that mar-
ket. “CE manufacturers are not interest-
ed in another standard or another con-
nector on the back of the TV,” says Zim-
merman. Silicon Image has announced
product development for mobile-high-
definition-link chips that address PDAs
(personal digital assitants) and mobile
phones. But VESA has not yet final-
ized the mobile-display-digital-inter-
face standard for external DisplayPort-
display connectivity to cell phones and
other portable devices.

Although DisplayPort’s potential in
the CE market is less certain than its
future in the PC market, there’s some
opportunity for replacement of the
high-pin-count connectors that con-
nect digital-TV boards to panels inside
the TV, says In-Stat’s O’'Rourke. “That
doesn’t necessarily mean there will also
be DisplayPort ports on the outside of
those TVs,” he says. “Still, that’s a foot
in the door, a Trojan horse, for Display-
Port. If you're in the digital TV, you're
in the center of the living room.” In-

For an analysis of DisplayPort's par-
titioning and how it differs from TMDS-
based architectures, see www.edn.
com/article/CA6574650.

For details on how display interfaces
work, as well as a discussion of the his-
tory and politics behind the development
of the DisplayPort and HDMI standards,

go to www.edn.com/article/CA6402885.

For more articles by this author,
see “10-GbE in the mainstream,” www.
edn.com/article/CA6553621, and “The
802.11n standard: grown up at last,”
www.edn.com/article/CA6470826.

Go to www.edn.com/080918cs

for more information on the vendors this
article mentions. You can also click on
Feedback Loop to post a comment on
this article.

For more feature articles, go to
www.edn.com/features.

Stat expects that, by 2009, digital TVs
will begin adopting DisplayPort as an
internal feature, resulting in its appear-
ance in some external ports, especially
in higher-end digital TVs, the following
year. DisplayPort ports will then be able
to migrate to other digital-CE products,
including Blu-ray players and recorders
and set-top boxes.EDN
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Making the transition from
bit banger to gigabit guru

nterconnects are not “transparent” to digital signals and
haven’t been for more than 25 years—since the end of the
20-MHz-clock-frequency regime. High-speed onboard bus-
es drove the lexicon of signal integrity into the vocabulary
of every board designer. For that reason, the design guide-
lines for digital products today all use controlled-imped-
ance boards, terminate all lines, avoid branched routing to-
pologies, reduce inductance of the return paths, and use low-
impedance power- and ground-distribution networks.

In the last few years, the proliferation of high-speed serial
links, such as PCle (peripheral-component interconnect ex-
press), SATA (serial-advanced-technology attachment), and
InfiniBand, has brought with it a new set of challenges that
pushes designers into a new regime of signal-integrity prob-
lems. This article focuses on four critical problems that con-
front designers in this new world—frequency-dependent loss-
es; impedance discontinuities, especially from surface pads and
vias; intrapair skew; and channel-to-channel crosstalk—and a
few tips and tools that will help alleviate some of the pain.

As bit rates increase, the option of relying on luck in the de-
sign process decreases proportionately. Successful high-speed-
serial-link design must now recognize these problems and le-
verage the design, materials, and technology approaches to
eliminate them right from the start.

The bandwidth of a high-speed serial link, the highest sine-
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wave-frequency component in the signal, can be as high as 2.5
times the bit rate, which corresponds to the fifth harmonic
of the highest bit-transition rate. For example, a PCle Gen-
eration 2 signal at 5 Gbps can have a bandwidth as high as
12.5 GHz. At these frequencies, the interconnects themselves
cause four special problems that you must avoid to navigate
safe passage.

The first step in avoiding these problems is to recognize
them. The second step is to identify their root cause and es-
tablish design guidelines to avoid or minimize them. Although
design guidelines tell which knobs to tweak and in which di-
rection, an accurate simulation tool that includes these effects
is essential to navigating safe passage through design, balanc-
ing the trade-offs between cost and performance gain, and
meeting acceptable performance specs.

FREQUENCY-DEPENDENT LOSS

As a signal propagates down a board trace, frequency-depen-
dent losses from the conductor and dielectric materials attenu-
ate higher-frequency components more than lower-frequency
components. Skin-depth effects constrict the cross section of
the trace through which current flows, increasing the series re-
sistance of both the signal and the return paths. This series re-
sistance increases proportionally to the square root of frequen-
cy. The motion of dipoles in the dielectric material causes a
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The 200-psec-long single-bit response shows the incident bit in red and the same bit in yellow after 30 in. of FR4. The
spreading of the bit causes intersymbol interference (a). Mentor Graphics HyperLynx simulates the resulting eye diagram of a 5-Gbps

pseudorandom-bit-sequence signal (b).
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leakage current between the sig-
nal and the return paths that in-
creases proportionally to the fre-
quency. As the dipoles rotate in
the electric field of the signal, the
leakage current and the associat-
ed loss increase proportionally to
frequency.

Both of these effects contribute
to higher frequencies seeing more
attenuation than low frequen-
cies. As a fast-rising edge propa-
gates down the line, fewer high-
frequency components remain in
the signal, and the rise time in-
creases. This rise-time degrada-
tion is the chief cause of ISI (in-
tersymbol interference), which
results in the collapse of the eye
and deterministic jitter. For ex-
ample, the losses in a 30-in.-long,
5-mil-wide, 100Q) differential pair in FR4 dramatically de-
grade the rise time of a PCle Generation 2 signal at 5 Gbps.
One bit affects the next bit so much that the eye nearly closes
(Figure 1).

Unfortunately, you have only two design knobs to tweak to
improve the performance: Increase the line width of the traces
and increase the dielectric thickness to preserve the 100€) im-
pedance or use a laminate material with a lower dissipation
factor than FR4. You should also consider decreasing the in-
terconnect length, but this approach is rarely an option.

If conductor and dielectric losses, which increase monotoni-
cally with frequency, dominate the rise-time degradation, two
important signal-processing techniques can bring back the
original shape of the signal’s spectrum. If the problem is loss-
es at higher frequency, then add pre-emphasis—that is, extra
high frequency to the original signal. Alternatively, you can

VOLTAGE

(mV)

AT5GBPS (p)

HyperLynx simulates an eye diagram of a backplane interconnect without via stubs (a)
and with via stubs (b), approximately 200 mils long.

use de-emphasis—removing some of the transmitter’s low-fre-
quency components. De-emphasis consumes less power and
has less impact on crosstalk than does pre-emphasis.

Finally, if you know the transfer function of the intercon-
nect, you can employ equalization—adding frequency-depen-
dent gain at the receiver to balance the losses in the line. The
combination of pre-emphasis or de-emphasis and equalization
can extend the life of low-cost FR4 boards with narrow lines.
These signal-processing techniques can overcome even —30
dB of frequency-dependent attenuation.

IMPEDANCE DISCONTINUES

The signal propagating down an interconnect sees an in-
stantaneous impedance each step along its way. When this in-
stantaneous impedance changes, some of the signal reflects,
and the transmitted signal distorts. With multiple discontinui-

HyperLynx simulates an eye diagram of a transmitting signal with no skew (a) and with a skew 1.5 times the rise time of a
5-Gbps signal (b).
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ties, the reflected echoes can reach the
receiver and cause ISI. The solution to
this problem is to minimize impedance
discontinuities. Two structures create the
biggest discontinuities: surface pads for
dc-blocking capacitors and through-hole
vias. The dc-blocking capacitors enable
drivers with a large common signal level
to interface with receivers that can’t tol-
erate a dc offset. Any capacitance great-
er than approximately 1 nF is enough to
keep the series impedance low. However,
unless you take care, the mounting pads
of the capacitor create an impedance dis-
continuity on the surface trace. The so-
lution is to use the smallest body-size ca-
pacitor you can afford, such as an 0402,
and to reduce the size of the pads to the
minimum acceptable for assembly operations. In some cases,
removing the plane underneath the pads and capacitor to cre-
ate a “shadow” or “relief hole” in the plane can minimize the
impedance discontinuity. This trick often matches the imped-
ance of the pads and capacitance to the 500 of the surface
trace.

The impedance discontinuity of a through-hole via is a
more insidious problem. With through-hole technology, a
barrel through the entire board connects any two signal lines
on different layers. If the layers are buried in the middle of
the board, the barrels above and below the signal layers act
as stubs. If the stubs are shorter than approximately 50 mils,
they look capacitive and slow down the edge of the signal,
causing rise-time degradation and ISI. If they are longer than
50 mils, they may act as resonators and cause excessive scat-
tering of signals at or near the resonant frequency. A stub that
is 200 mils long has a resonant frequency of approximately 7.5
GHz—well within the 12.5-GHz bandwidth of a PCle Gen-
eration 2 signal (Figure 2).

You can combine design and technology to address via dis-
continuities. The first step is to minimize the capacitance of
vias by removing nonfunctional pads on inner layers, increas-
ing the antipad clearance holes, and minimizing the size of
capture pads on the surfaces and on signal layers. You can
minimize stub lengths by restricting layer transitions and min-
imizing the total board thickness. If the stubs are still exces-
sively large, backdrilling can remove the residual barrel. Al-
ternatively, you can implement other via technologies that do
not create stubs. These technologies include blind or buried
vias and high-density-interconnect microvias

L = ACTIVE SIGNAL

2000

FAR-END CROSSTALK ON QUIET PAIR

2400 2800

TIME (PSEC)

Received differential signals on adjacent, 19-in.-long, differential pair
microstrips show far-end noise on the quiet channel, with 5-mil lines and spaces per
pair and 10-mil spaces between the pairs at 5 Gbps (simulated with HyperlLynx).

exists between the two lines of the pair. The greatest source
of asymmetry is time-delay skew between the two lines. The
easiest way to minimize time-delay skew is to match the physi-
cal lengths of the two lines. If one line starts out a different
length due to its escape or fan-out from a BGA-via field, for
example, you should make the other line longer as soon after
the via field as possible. Unfortunately, time-delay skew can
arise from causes other than length. The local speed of the
signal due to local variation in the dielectric constant of the
resin-glass composite can also affect time-delay skew.

Weave-induced skew occurs when one line sees a differ-
ent dielectric constant from the other line due to proximity
to a glass-fiber bundle. The impact of weave-induced skew is
roughly O to 10 psec/in. and depends on the chance alignment
of one signal trace adjacent to a glass bundle. A 20-in. trace
on a board could see a weave-induced skew of 10 to 100 psec.
When the entire unit interval for a 5-Gbps signal is only 200
psec, any skew larger than 20 psec eats up the total skew mar-
gin and begins to degrade the eye diagram (Figure 3).

The easy approach is to match lengths between lines that
make up a differential pair so that the time-delay skew is less
than a few percentage points of the unit interval. The more-
involved problem is minimizing the weave-induced skew.
Techniques for addressing this skew include rotating the rout-
ing axis from the glass-weave axis, adding a small jog in traces
longer than a few inches so that the two lines mix the local di-
electric constant, and using a glass that either is more uniform
or has a dielectric constant closer to the resin.

CHANNEL-TO-CHANNEL CROSSTALK

that you fabricate by laser drilling. These mi-
crovias are the shortest, lowest-capacitance, and
most transparent vias available.

INTRAPAIR SKEW

All high-speed serial links use differential sig-
nals. Two independent signal paths carry each
half of the differential signal. The pure differ-
ential signal from even the best driver can de-
grade into a common signal if any asymmetry

Go to www.edn.
com/ms4286 and
click on Feedback
Loop to post a com-
ment on this column.

For more feature
articles, go to www.
edn.com/features.

The bit pattern in adjacent channels is uncor-
related. Any signal from one channel that couples
over to an adjacent channel therefore acts as ran-
dom noise, collapsing the eye, increasing the cross-
over widths, and introducing random jitter. Differ-
ential crosstalk in connectors, in via fields, and be-
tween differential pairs is typically —35 dB or less.
When the received signal is —10 dB, the margin
is usually adequate, and crosstalk is not a problem.
However, far-end crosstalk between adjacent mi-
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crostrip-surface pairs can easily exceed —20 dB. For example,
in two edge-coupled, differential microstrips with 5-mil lines
and 5-mil spacing, a 10-mil pair-to-pair spacing, a 40-psec rise
time, and a 5-Gbps signal, the far-end differential noise is al-
most — 10 dB for a length of only 10 in. Because far-end noise
is so sensitive to rise time and coupled length, a simulation
is an essential step in evaluating the impact of far-end noise
in microstrip-differential channels (Figure 4). Even near-end
noise in stripline pairs can pose a problem under some cases.

When the signal at the receiver decreases as a result of 30 dB
of loss and when you use 10 dB of pre-emphasis on the trans-
mitter, you must reduce crosstalk to less than —50 dB to pro-
vide adequate margin. You usually implement this reduction
by using low-noise connectors and increasing the pair-to-pair
spacing in the backplane.

Successful design and implementation of robust, high-speed
serial systems are tricky because interconnects are not trans-
parent to the signal. Unless you take special care, one of the

four signal-integrity problems—Ilosses,
discontinuities, skew, and crosstalk—
can prevent acceptable performance.
The first step is being aware of these
problems. The second step is to identi-
fy their root causes and to develop de-
sign guidelines that enable navigation
through the minefield. A software-sim-
ulation tool that can model signal-in-
terconnect interaction and account for
each of the four effects is an essential
tool with which to gain confidence in a
design before committing to hardware.
The combination of best design practic-
es, new materials, new technologies, and
analysis tools can dramatically increase
the number of successful high-speed-
serial-link designs.EDN
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Supercupucitors Cun Repluce u

Backup Buttery for

Power Ride-Through Applicutions — Design Note 450

Jim Drew

Introduction

Supercapacitors (or ultracapacitors) are finding their way
into an increasing number of applications for short-term
energy storage and applications that require intermittent
high energy pulses. One such application is a power ride-
through circuit, in which a backup energy source cuts
in and powers the load if the main power supply fails
for a short time. This type of application has typically
been dominated by batteries, but electric double layer
capacitors (EDLCs) are fast making inroads as their
price-per-farad, size and effective series resistance per
capacitance (ESR/C) continue to decrease.

Figure 1 shows a 5V power ride-through application
where two series-connected 10F, 2.7V supercapacitors
charged to 4.8V can support 20W for over a second. The
LTC3225, a new charge-pump-based supercapacitor
charger, is used to charge the supercapacitors at 150mA
and maintain cell balancing while the LTC4412 provides
automatic switchover between the supercapacitor and
the main supply. The LTM4616 dual output DG/DC
pModule™ regulator creates the 1.8V and 1.2V outputs.
Witha20W load, the output voltages remain in regulation
for 1.42 seconds after the main power is removed.

Q2
Si4421DY

5V l_k‘H

Supercapacitor Characteristics

A 10F, 2.7V supercapacitor is available in a 10mm x
30mm 2-terminal radial can with an ESR of 25mQ. One
advantage supercapacitors offer over batteries is their
long lifetime. A capacitor’s cycle life is quoted as greater
than 500,000 cycles, whereas batteries are specified for
only a few hundred cycles. This makes the supercapaci-
tor an ideal “set and forget” device, requiring little or no
maintenance.

Two critical parameters of a supercapacitor in any ap-
plicationare cell voltage and initial leakage current. Initial
leakage current is really dielectric absorption current,
which disappears after some time. The manufacturers
of supercapacitors rate their leakage current after 100
hours of applied voltage while the initial leakage current
in those first 100 hours may be as much as 50 times the
specified leakage current.

The voltage across the capacitor has a significant effect
on its operating life. When used in series, the superca-
pacitors must have balanced cell voltages to prevent
overcharging of one of the series capacitors. Passive cell

ALY, LT LTC and LTM are registered trademarks of Linear Technology Corporation.
pModule is a trademark of Linear Technology Corporation. All other trademarks are
the property of their respective owners.
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Figure 1. 5V Ride-Through Application Circuit Delivers 20W for 1.42 seconds
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balancing, where aresistoris placed across the capacitor,
is a popular and simple technique. The disadvantage of
thistechnique isthatthe capacitor dischargesthroughthe
balancing resistor when the charging circuit is disabled.
The rule of thumb for this scheme is to set the balanc-
ing resistor to 50 times the worst case leakage current,
estimated at 2puA/Farad. Given these parameters, a 10F,
2.5V supercapacitor would requirea2.5k balancing resis-
tor. This resistor would drain 1mA of current from the
supercapacitor when the charging circuit is disabled.

A better alternative is to use a non-dissipative active cell
balancing circuit, such as the LTC3225, to maintain cell
voltage. The LTC3225 presents less than 4pA of load to
the supercapacitor wheninshutdown mode and less than
1pAwheninputpowerisremoved. The LTC3225featuresa
programmable charging currentof upto 150mA, charging
two series supercapacitors to either 4.8V or 5.3V while
balancing the individual capacitor voltages.

To provide a constant voltage to the load, a DG/DC con-
verter is required between the load and the supercapaci-
tor. As the voltage across the supercapacitor decreases,
the current drawn by the DC/DC converter increases to
maintain constant powertotheload. The DG/DC converter
drops out of regulation when its input voltage reaches
the minimum operating voltage (Vyy).

To estimate the requirements for the supercapacitor, the
effective circuit resistance (Rt) needs to be determined.
Rt is the sum of the capacitors’ ESRs plus the circuit
distribution resistances, as follows:

RT =ESR+ RD|ST

Assuming 10% of the input power is lost in the effective
circuit resistance when the DC/DC converter is at the
minimum operating voltage, the worst case Ry is:

0'1.VUV2

Rrmax) = P

The voltage required across the supercapacitor at the
minimum operating voltage of the DC/DC converter is:

2
Voo = Juv" PRy
c(uv) Yy

Data Sheet Download

www.linear.com

The required effective capacitance can then be calculated
based ontherequiredride-throughtime (Tgr),andtheinitial
voltage on the capacitor (V¢ (g)) and Vg(yy) shown by:

2¢Piy* Tar
Vo2 = Ve’
c(0) ~ Vev)

Cepr =

The effective capacitance of a series-connected bank of
capacitorsisthe effective capacitance ofasingle capacitor
divided by the number of capacitors while the total ESR
is the sum of all the series ESRs.

The ESR of a supercapacitor decreases with increasing
frequency. Manufacturers usually specify the ESR at 1kHz,
while some manufacturers publish boththe valueat DCand
at1kHz. The capacitance of supercapacitorsalso decreases
as frequency increases and is usually specified at DC.
The capacitance at 1kHz is about 10% of the value at DC.
When using a supercapacitor in a ride-through application
where the power is being sourced for seconds to minutes,
use the effective capacitance and ESR measurements at
a low frequency, such at 0.3Hz. Figure 2 shows the ESR
effect manifested as a 180mV drop in voltage when input
power is removed.

5V SUPERCAPACITOR RIDE-THROUGH
Vin =5V, Vcap = 4.8V, POWER = 20W

5V INPUT

/(1V/DIV)
Vcap
WDIV)

1.2V OUTPUT
(500mV/DIV)

80mV STEP DUE TO ESR

1.8V OUTPUT
-~ (500mV/DIV)

1.42 SECONDS————

800ms/DIV
Figure 2. 5V Ride-Through Application Timing

Conclusion

Supercapacitors can meetthe needs of power ride-through
applications where the time requirements are in the
seconds to minutes range. Supercapacitors offer long
life, low maintenance, light weight and environmentally
friendly solutions when compared to batteries. To this
end, the LTC3225 provides a compact, low noise solu-
tion for charging and cell balancing series-connected
supercapacitors, without degrading performance.

For applications help,
call (978) 656-3768

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 ® FAX: (408) 434-0507 ® www.linear.com

dn450 LT/TP 0908 246K « PRINTED IN THE USA
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Measure High Voltage Power

Monitor Voltage & Current with Single-Chip 12-Bit I°C ADC

Now there’s a no-hassle way to accurately measure high-side current and voltage simultaneously. The LTC®4151 power
monitor uses an on-chip 12-bit ADC to measure a high-voltage input, high-side current and low-voltage auxiliary input
continuously or on demand via an I°C-compatible interface. With its wide operating range of 7V to 80V, the LTC4151 is
perfect for monitoring telecom, blade servers, advanced mezzanine cards, or industrial designs.

12-Bit ADC Linearity WV Info & Free Samples
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Ultralow Noise ADC Driver

16-bits @ 10MHz

Rail-to-Rail
Out

A4

LTC6404-1 Driving
LTC2207 16-Bit ADC

-100
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Rail-to-Rail Output Differential Amplifier

Getting the most from your high-speed 14- to 18-bit ADCs just got easier. The LTC®6404 provides outstanding dynamic range at
high speeds. Harmonic distortion is better than -90dB at 10MHz and noise density is just 1.5nV/vHz. With rail-to-rail outputs
and a low voltage capability, the LTC6404 drives the full input range of today’s 3V to 5V differential ADCs using the same supply
voltage. In addition to driving fully differential signals, the LTC6404 can easily convert single-ended signals to differential. For
great performance with even higher bandwidth signals, check out all of Linear’s new ADC drivers in the table below.

@ High Speed ADC Drivers WV Info & Free Samples

www.linear.com/6404
LTC6403 LTC6404 LTC6406 LTC6401 LTC6400 1-800-4-LINEAR
Input
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Range 2= .
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Add margining capability
to a dc/dc converter

Brian Vasquez, Maxim Integrated Products, Dallas, TX

You can easily add margining

capability—that is, the ability
to digitally adjust the output voltage—
to a dc/dc converter by making a single
connection to the circuit (Figure 1).
The dashed line in the figure shows
the connection. The extra IC is a two-
or four-channel, I?C (inter-integrated-
circuit)-adjustable-current DS4402 or
DS4404 DAC. Because each DAC
output is 0 mA at power-up, the extra
circuitry is essentially transparent to
the system until you write a command
using the I?C bus.

For example, assume that the input
voltage is 3 to 5.5V, the output voltage
is 1.8V, which is the desired nominal
output voltage; and the feedback volt-
age is 0.6V. You can obtain the feed-
back voltage from the dc/dc converter’s
data sheet; be sure to verify that it is
within the output-voltage range that
the current DAC’s data sheet speci-
fies as sinking or sourcing voltage de-
pending on whether you are sinking or
sourcing current. You should also ver-
ify the input impedance of the dc/dc

converter’s feedback pin. The circuit in
Figure 1 assumes a high impedance.
Assume that you want to add a £20%
margining capability to the dc/dc con-
verter’s output so that the maximum,
nominal, and minimum output voltages
would be 2.16, 1.8, and 1.44V, respec-
tively. First, determine the necessary
relationship between R and R, which
yields the nominal output when the cur-

rent of the DS4404 DAC is 0 mA:

R
Vg = Voutnom (ﬁ ] )
1

where V_, is the feedback voltage and
Vumoy 18 the nominal output volt-
age. Solving for R,

V,
R, :Rz(%—l} <2>
FB

For this example,

R1:R2 ﬂ_l :ZXRz. (3)
0.6V

Summing the currents at the feedback

node derives the current to make the

output voltage increase to the maxi-

VCC
Vee Rs3 Ry
>
DS4404
. o o O | 10 1’C MASTER OR
N O— Vour ScL MICROPROCESSOR
e DS4402 o O
CONVERTER DETERMINES I°C
CIRCUIT Ipsaaos A1 SLAVE ADDRESS
Bl—e------ g ouTo —

FSO
Res DETERMINES MAXIMUM
J_ FULL-SCALE CURRENT

FOR DS4404

Figure 1 The circuitry to the right of the dashed line adds margining capability.

EDITED BY MARTIN ROWE
AND FRAN GRANVILLE
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56 A better approach to designing
an RTD interface with a spread-
sheet

58 Shunt regulator monitors
battery voltage

60 Power supply meets automo-
tive-transient-voltage specs

60 Locked-sync sine generator
covers three decades with low
distortion

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

To see all of EDN's Design
Ideas, visit www.edn.com/design
ideas.

mum output voltage:

Ir1 =Ir2 +Ips4404- @

where I is the current through R, [,
is the current through R, and I
the current into the DAC.

Ips4404 =Ir1—IR2-
Iy = Vourmax—Ves Iy = VEB | (0
R, i R, |

is the maximum output

Ds4404 1S

where Vo
voltage.
Vourmax ~Ves J_( Vi ] @

I =
DS4404 ( R, R,

You can simplify Equation 7 by solv-
ing Equation 1 for R, and then substi-
tuting, which yields:

Vourmax —Vournom

®

I =
DS4404 Rl
In margin percentage, you can express
Equation 8 as:
SEPTEMBER 18, 2008 | EDN 55
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L VoumouXMARGIN

where the margin is 0.2 to implement
+20% margining in this case. Before
you can use this relationship to calcu-
late R and R, you must select the full-
scale current.

According to the DS4404’s data
sheet, the full-scale current must be
0.5 to 2 mA to guarantee the specifi-
cations for accuracy and linearity. Un-
fortunately, no formula is available for
calculating the ideal full-scale current.
The desired number of steps, the step
size, and the values for R, and R, in-
fluence that value. Another factor af-
fecting the full-scale current value is
whether there is a requirement that a
particular register setting corresponds
to a particular margin percentage.

In any case, your selection of a full-
scale current will likely require several
iterations, in which you select an arbi-
trary value within the range and then
calculate R}, R,, R (full-scale resis-
tance), and step size. When you've de-
termined an acceptable full-scale-cur-
rent value, you may want to further
adjust it or some of the resistor values
to ensure that the resistor values you fi-
nally specify are commonly available.

To calculate R, for the original ex-
ample, make the full-scale current
equal to the current of the DS4404.
This step gives you 31 equal incre-
ments, or steps, from the nominal out-
put voltage to the maximum output
voltage, as well as 31 steps from the
nominal output voltage to the mini-

mum output voltage. This resolution is
more than adequate for this example.

You could, for instance, begin by ar-
bitrarily choosing the full-scale current
in the center, or 1.25 mA, of the speci-
fied range and then performing all the
calculations. Instead, for illustrative
purposes, the calculations are shown
for the endpoints of the range: 0.5 and
2 mA. Analyzing the 0.5-mA case first,
you perform the following calculations
and then repeat for the 2-mA case.

Using Equation 9 and solving for R
yields:

Rl _ VOUTNOM x MARGIN — 10
Ips4404
18502 g
0.5x10
R, 720
=—=—=360Q.
) a

To calculate the full-scale resistance,
use the formula and the reference volt-
age in the DS4404’s data sheet:

Ry = Vepp 31_ 123
IFS 4 0.5x% 10_3 (12)

% =19,065Q = 19 kQ.

Igs _
NO. OF STEPS
(19

STEP SIZE=

0.5x107°

31
where R is the full-scale resistance,
i octe e e
Finally, for completeness, you deter-

=16.1 pA/STEP,

A better approach to designing

an RTD interface with a spreadsheet
Aubrey Kagan, Emphatec, Markham, ON, Canada

An earlier Design Idea described

how to linearize the output of
an RTD (resistance-temperature-de-
tector) sensor and how to calculate
the resistor values using a spreadsheet
(Reference 1). That idea limited the
use of Microsoft (www.microsoft.com)
Excel to calculating the coefficients
you need for the polynomial expres-

| SEPTEMBER 18, 2008

sion and stopped short of using Excel
to calculate the resistor values. You can
generalize this proposed approach such
that you can select any type of RTD
and any temperature range, but this
Design Idea limits the details to the
following example.

You can download the worksheet
(Figure 1) from the Web version of

mine the DS4404’s output current as a
function of register setting:

lour(REGISTER SETTING)=

STEP SIZE x REGISTER SETTING.

Note that this register setting does
not include the sign bit, which selects
sink or source. The DS4404 sinks cur-
rent when the sign bit is zero, mak-
ing the output voltage increase to the
maximum output voltage. It sources
current when the sign bit is one, mak-
ing the output voltage decrease toward
the minimum output voltage.

Now, you can repeat the calculations
for the 2-mA case.

_ VOUTNOM x MARGIN _

IDs4404
1.8x0.2

2x1073

Ry

=180Q. s

(16)

a7

%= 4766Q = 4.7 kQ.

Igs

NO. OF STEPS
(18)

STEP SIZE=

2x1073

= 64.5 LA /STEP.

Comparing R and R, for the two cas-
es—with a full-scale current of 0.5 or
2 mA—O0.5 mA is the more attrac-
tive value because the resistances are
higher.Epn

this Design Idea at www.edn.com/
080918dil. You plot the chart as an
XY diagram, and you create the trend
line on the chart using a second-order
polynomial, which will appear on the
chart. The original Design Idea includ-
ed this information. Unfortunately, you
cannot access the coefficients you gen-
erate in this way from the worksheet,
so you cannot directly calculate the re-
sistor values.

To access the polynomial coeffi-
cients, you can use Excel’s LINEST
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array formula. It prescribes a specific
way of entering data; without that pro-
tocol, Excel will not provide the de-
sired results. LINEST returns a num-
ber of regression statistics; to allow for
these statistics, you must first highlight
the range on the worksheet on which
you want the regression results. Only
the polynomial coefficients are impor-
tant in this example, so this Design
Idea limits the returned results by se-
lecting block B24:D24 for those three
values. You then enter the following
line into the formula bar at the top of
the worksheet: =LINEST(G5:G21,E5:
F21,,TRUE).

Simultaneously press the Control,
Shift, and Enter keys rather than just
Enter to terminate this command. The
coefficients will then drop into the se-
lected range. Excel will add the braces,
{}, to indicate the array formula. The
input range of the function in the for-
mula above includes the Vt? column,
allowing LINEST to create a second-
order polynomial equation.

You can enter user-selected values
as set numbers, providing easy and
quick modification and an immediate
update of the calculated values. These
values include the current source

through the RTD, the reference volt-

E3 Microsoft Excel - RTD.xls
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Figure 1 The linearizing values of an RTD circuit accompany a graph of the

output voltage.

age, and the value of R, and R, all of
which are “named” cells that the for-
mulas refer to. The idea rewrites the
original formulas to isolate the desired
variable. You will find each in the as-
sociated cells for R, R, and R on
the worksheet. You could also com-
plete the model by creating an auto-
matic look-up of standard resistor val-
ues (Reference 2).EDN

Shunt regulator monitors

battery voltage

Vladimir Rentyuk, Modul-98 Ltd, Zaporozhye, Ukraine

A TL431 shunt reg- +

10

ulator is a perfect

choice for many applica- TO BATTERY
tions. You can use it as a
comparator with hyster- 20—

esis by taking advantage of
its inner voltage reference
along with few additional
components. You can use
this comparator with hys-
teresis, like a Schmitt trig-
ger, as a simple battery mon-
itor (Figure 1). You calcu-
late the threshold voltage,
V., of this comparator as
V.. =V :X(1+R /R)),

where V., the internal

| SEPTEMBER 18, 2008

TL431
SHUNT
REGULATOR
R

Figure 1 A shunt regulator and associated circuitry func-
tion as a Schmitt trigger, lighting LED, when the battery
is fully charged.
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reference voltage of shunt-regulator
TL431,is 2.5V.

When the battery voltage is higher

than the threshold voltage, the cath-

ode voltage of the TL431 is at
D its low level of approximately
2V, and transistor Q, turns on,
lighting LED, . You calculate the
release voltage, V.., of the trig-
geras V. =V  X(1+R XR,/
(R,+R)) X1/R)).

When the battery voltage
is less than the release volt-
age, the cathode voltage of the
TL431 goes to its high level—
to the battery voltage. Transis-
tor Q, turns off, and LED, does
not shine. LED, turns on again
when the battery voltage, after
recharging, exceeds the thresh-
old voltage Epn



Highly accurate, complete
sensor signal conditioners
enable optimal sensor designs

Ideal for automotive, industrial, and medical applications

Maxim’s £0.1% FSO sensor signal conditioners provide all of the components necessary for precision
electronic sensors: programmable amplifiers, offset- and gain-control DACs, bridge excitation,
temperature sensing, EEPROM, and CPU control. Low power, ease of calibration, and superior 16-bit
trim coefficients make these signal conditioners the logical choice for high-volume manufacturing.

&

12-BIT DAC

16-BITADG

Automotive

LOW-POWER
DSP

TEMP

Y Medical
Complete sensor
conditioning
solution in one
small package!
Industrial
® 16-bit calibration and temperature trims * +0.1% full-span output (FSO) accuracy

* Low power consumption e Wide input ranges
* Fast serial programming with memory * ImV/V to 40mV/V (MAX1452)
Secure-Lock™ to prevent data modification * 5mV/V to 40mV/V (MAX1455)

* Current- or voltage-mode sensor-bridge * ImV/V to 1V/V (MAX1464)
drive
Part I,; at 5VDC Operating Package Area* Pricet
(mA, typ/max) Temperature (°C) (mm?) ($)
MAX1452 2.0/2.5 16 2.95
MAX1455 3.0/6.0 -40to +125 33 3.25
MAX1464 2.5/3.2** 82 4.80

Secure-Lock is a trademark of Maxim Integrated Products, Inc.
*Packaged devices. All products listed are also available in die/wafer form.

**Configuration dependent.
1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered

in 1k increments, and some may require minimum order quantities.

AT ==avNET V. 4V/» V4

www.maxim-ic.com/SSC-family-info

www.maxim-ic.com/shop www.avnet.com

For free samples or technical support, visit our website or call 1-800-998-8800.

The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved.
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Power supply meets
automotive-transient-voltage specs

Francesc Casanellas, Aiguafreda, Spain

Figure 1 shows a power sup-

ply that delivers 5V from a 12V
battery. With only a few components,
the supply copes with all the automo-
tive transients that ISO (Internation-
al Organization for Standardization)
7637-1 lists without the need for a
bulky transient-voltage suppressor. In
normal operation, R, connects to the
common through a microcontroller
port. In standby mode, R, stays open,

VBATI'ERY O

5V
OPTIONAL

D2
BZX84C18

and the quiescent current of the supply
decreases from approximately 2.8 mA
to approximately 160 wA, and the out-
put voltage then drops to approximate-
ly 3.5V. If your application doesn’t re-
quire a standby mode, suppress R, and
set R, to 2200). With most common
zener diodes, you would then set R, to
120Q and D, to 4.3V. You can use the
circuit in 24V systems if D, is 36V.

If the voltage increases, the current

Q, 5V
IRFR9220

D1
BZX84B4V7

6.3V

MICROCONTROLLER

Figure 1 This automotive regulator withstands overvoltages that ISO 7637-1

specifies.

Locked-sync sine generator covers
three decades with low distortion

Alfredo H Saab and Tina Alikahi, Maxim Integrated Products, Sunnyvale, CA

Analog applications, such as

testing, calibration, and gen-
eral system operation, often require a
sine waveform of accurate amplitude
and frequency, with low THD (total
harmonic distortion). Some applica-
tions demand that the generator of
such waveforms have the ability to ac-
curately synchronize the output with
an external timing signal. Simple sine-
wave generators can offer various de-
grees of this performance, but main-
taining low THD with constant am-
plitude is a problem, particularly if the

| SEPTEMBER 18, 2008

output and the synchronization signal
must remain locked through an ex-
tended range of frequencies.

The circuit in Figure 1 can syn-
chronize a sine-wave output through
three decades of frequency—20 Hz to
20 kHz—and maintain low THD and
constant amplitude (Table 1). The syn-
chronizer IC, an NXP Semiconductors
(www.nxp.com) 74HC4046, is a PLL
(phase-locked loop) with a VCO (volt-
age-controlled oscillator) and a phase/
frequency detector. It has three inter-
nal phase detectors, but this design uses

through D, and the base of Q, increas-
es, so Q, increases the current of Q,,
which lowers the gate-to-source volt-
age of Q,. If the input voltage surpasses
19V, D, starts to conduct and makes
Q, switch off Q,, so permanent over-
voltages as high as 200V cannot dam-
age the circuit. The Miller capacitance
of Q, makes it act as a fast integrator,
which keeps the system stable. If you
remove D,, you must replace Q, with
a high-voltage transistor, such as an
MMBTA42.

If you omit D,, the circuit cannot
withstand permanent overvoltages
without Qs overheating. In this case,
however, the circuit can cope with all
the impulses, including the load-dump
pulse, of ISO 7637-1. You should re-
move D, only if C, cannot maintain
the voltage during long overvoltages,
such as the load-dump pulse, and keep-
ing the voltage is critical.

An added advantage of this cir-
cuit over most [C-voltage regulators
is that it can sink current through D,
and Q,. This feature allows the use of
diodes to fully protect the micropro-
cessor’s inputs. Soldering the D-Pack
package to a couple of 1-cm? copper
pads allows the circuit to source 300
mA at 10 to 16V or 150 mA at 20 to
32V. More dissipation area allows for
higher currents.Ebn

the one with a frequency-capture range
equal to that of the VCO-frequency
range (the maximum frequency minus
the minimum frequency).

The circuit’s general-purpose bina-
ry frequency divider, the 74HC4060,
connects between the VCO output
and the 74HC4046 feedback (phase/
frequency-comparator) input and has
a division ratio of 64. When the PLL
is locked, therefore, the Q6 output
of the 74HC4060 generates a square
wave equal to 1/64th of the VCO-
output frequency. The components



that determine the 74HC4046 center
frequency, C, and R, determine the 5V O 1 1
VCO-frequency range from 20X 64 to s = .
20,000X64 from the minimum to the o odait  asl—d
maximum level of the VCO’s input- SYNCHRONOUS- PHC 2 OUT odarz  asfo ],
Voltage range. PULSEINPUT foain pHo 3 oUT O | = oais  a4|-o 3ok

A switched-capacitor lowpass fil- UL DEMOUT [~O Z9pp O—{08 Q310 SN
ter, the Maxim (www.maxim-ic.com) G, e PHPULSE =0 g 2: |NMAX2§L711 oureur
MAX297, whose cut-off frequency by s20pf [ 74HC4046VCO IN o—{rrc R
design equals 1/50th of the clock fre- L 1;3; R R R 20k o ouT
quency you apply to it, has for signal odra A e OPIN
input the same square wave it uses for o Voo ouT o
the PLL feedback, and its clock input o N CLE
attaches to the VCO output. Because 100 s 35 uR . o7 Leno_v-
the clock and signal inputs always have ' +—
a frequency ratio of 64, the input signal COMMON T 1CJF
always falls within the filter bandpass. © " ©
No input harmonics fall within this = | -5v©
bandpass because the ratio of the clock Figure 1 This three-IC sine-wave generator covers three frequency decades,
frequency to frequency is less than 50 provides low distortion, and allows you to synchronize it with an external signal.
for all of them. (For the lowest second

harmonic, the ratio is 32.) The THD, up to the 32nd har-
monic, is lower than 0.1%.

The fact that the filter’s input signal is a square wave with
a 50% duty cycle helps in this application because a square
wave contains only odd harmonics of the fundamental, and

REFERENCE

il “MAX293/MAX294/MAX297 8th-Order, Lowpass,
Elliptic, Switched-Capacitor Filters, Revision 2," June
2008, Maxim, http://datasheets.maxim-ic.com/en/ds/
MAX293-MAX297.pdf.

the lowest-frequency harmonic is the third, which is well
within the filter’s deep-attenuation range.

You can frequency-modulate the synchronization signal,
but that task entails a compromise between the synchro-
nization-tracking speed (or maximum modulation frequen-
cy and depth) and the frequency-locking range, which the
PLLs lowpass filter components, R, R,, and C,, set. Modula-
tion speed is limited for the values the figure shows because
those values are optimized for an extended-frequency lock-
ing range. You can download more information, including
a full data sheet for the MAX297, from www.maxim-ic.com
(Reference 1).EDN

AMPLITUDE VERSUS FREQUENCY

Amplitude
(V rms)

1.470

Frequency
(Hz)

20

Balanced
e Receiver ICs

THAT 1280/1290 Series

FEATURES:

* High CMRR:
90dB at 60Hz (1280)
50dB at 60Hz (1290)

¢ Excellent performance
- Wide bandwidth: >7.6MHz
- High slew rate: 14 Vius
- Low distortion:
0.0006% THD
- Low noise: -104 dBu

* Low current:
3 mA (per amplifier)

* Several gains:
0dB, £3 dB, 6 dB

« Standard pinout (1280) or
very small footprint (1290)

Y394y Corporation

Analog Circuits Made Easy™
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Gaining design- chaln traction

vnet Inc (www.avnet.
com) continues to use
demand creation—the

use of distributor-supplied
suites of engineering services
to encourage product training
and guidance—as an active
tool in weathering the stormy
economy. “The market contin-
ues to be a difficult one, but
we are starting to really gain
some significant traction in a
focus we've really been push-
ing in the last couple of years,
which is trying to move a bit up
the value chain,’ says Harley
Feldberg (photo), president of
Avnet EM (Electronics Market-
ing). Feldberg says that Avnet
is still a significant, active fulfill-
ment-components distributor
but believes that the company
has become a leader in de-
mand creation, or what Avnet
internally calls “design chain’
‘Demand creation tends to

afford you a hlgher gross mar-
gin and a better return. Now, it
does require a higher invest-
ment because of technical re-
sources and training, but our
belief has been for the last
couple of years that focusing
in that area will help insulate us
from these kinds of difficult en-
vironments,” he says, pointing
to Avnet's June quarter, which
saw total revenue of $4.68 bil-
lion increase 10.4% year over
year. Avnet EM sales of $2.73
billion increased 10.8% over
the June 2007 quarter.

Avnet noticeably turned up
its focus on demand creation
after its 2005 acquisition of

Memec. Much of the reason
demand creation is gaining
traction in today’'s market, ac-
cording to Feldberg, has to do
with volume OEMs (original-
equipment manufacturers).
“The volume OEMs that drive
so much of the global TAM [to-
tal available market] .. much of
that volume and much of that
design is [directly] handled by
our suppliers. As that busi-
ness has moderated, over the
last year especially, there has
been significantly increased
interest on behalf of many of
our suppliers to accelerate
their efforts and energy into
the next year and the mass
market. That [acceleration] re-
ally leads them back to distri-
bution. Our ability to represent
them for their technologies to
win design in that mass market
is really a big, big part of our
success, says Feldberg.

INDUSTRY NOT PREPARED FOR REACH

yChain

LINKING DESIGN AND RESOURCES

62 EDN

According to recent data from the IPC (www.
IPC.org), the electronics supply chain is not
prepared for the EU REACH (European
Union Registration, Evaluation, Authorization
and Restriction of Chemicals) regulation that
took effect on June 1, 2007. A survey con-
ducted by the industry group on REACH pre-
paredness in the North American and Europe-
an interconnect industry found that more than
40% of manufacturing and purchasing per-
sonnel do not understand the regulation as it
affects their companies. The same holds true
for nearly one-third of senior management;
29% of engineering personnel; and 28% of
environment, health, and safety personnel.
‘REACH will have a far-reaching effect on

| SEPTEMBER 18, 2008

any company that buys, sells, or uses chemi-
cals;” says Tony Hilvers, vice president of in-
dustry programs for IPC. “And that pretty
much sums up the entire electronics supply
chain. The survey clearly indicates that our in-
dustry is woefully unprepared for the hit it's
about to take!

IPC’s electronic survey shows that only
18.3% of company respondents have iden-
tified or inventoried all substances in their
products. Moreover, only 60.5% of chemical
supplier respondents are planning to register
or preregister substances at all.

To comment on this topic, visit www.edn.
com/blog/690000269/post/1850030785.
html.

CONTRACT
MANUFACTUR-
ING SHRINKS

The electronics CM (con-
tract-manufacturing) industry
is undergoing a transforma-
tion, according to iSuppli

NooliLno

Corp (wwwisupplicom). The
CM industry, made up of
EMS (electronics-manufac-
turing-services) and ODM
(original-design-manufactur-
ing) providers, is set to see
revenue expand to $432.3
billion by 2012, rising at a
CAGR (compound-annual-
growth rate) of 7.2% from
2007. The $126.7 billion gain
represents a slowdown com-
pared with the 15.5% CAGR
CM revenue enjoyed from
2002 to 2007 and the 49%
CAGR of the 1990s.

“Several factors are in-
hibiting the revenue surge
of the past 20 years,’ says
Adam Pick, principal analyst,
EMS/ODM at iSuppli. “Those
factors include the statistical
law of large numbers, which
makes it difficult for such a
large market to expand much
on a percentage basis!

Pick cautions that a major
consequence of this slower
growth is continued con-
solidation among the world’s
top CM providers. “As many
of the larger CMs attempt to
retrench and ‘right-size’ their
businesses, revenue growth
has become stagnant or
even negative!” Therefore,
he says, “an examination of
possible acquisition targets
becomes a top priority for
larger companies”
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From Design to Delivery

Now, you can have it all.”

Faster and easier than ever before. Our commitment
to customer service is backed by an extensive product
offering combined with our supply chain and design
chain services — which can swiftly be tailored to meet
your exact needs. We have dedicated employees who
— - have the experience to provide the highest level of
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SENSORS AND TRANSDUCERS

3-D-orientation sensor
uses click/double-click

detection
UsingMEMS technology, the FC30

sensor embeds 3-D-orientation
functions and click/double-click de-
tection, allowing integration of mouse-
button controls. The device’s three ex-
ternal interrupt lines allow developers
to build automatic-portrait/landscape-
recognition applications. Available in
a 3X5X0.9-mm LGA-14 package, the
FC30 sensor costs $1 (high volumes).
STMicroelectronics, www.st.com

Microcontroller family

features OTG functions

N The vendor’s 12-member PIC24-
FJ256GB1 16-bit USB microcon-

troller family features 100-nA standby
current, 256 kbytes of flash memory,

World's Smallest Low-Frequency and 16 Kbytes of RAM. The integrat-

ed USB 2.0 device provides embedded-
CLOCK OSCILLATOR  [[ssiis=s =l

' tion of advanced USB features to em-
"'F""‘h Mo bedded designs. Integrating the CTMU
{0 [ (charge-time-measurement-unit) peri-
pheral and the royalty-free mTouch
Sensing Solution software-development
kit, the microcontrollers enable design-

i \ ers to add a capacitive-touch user inter-

Low-Power || face without using external components.
chi The microcontroller family is available
- ‘ 4 N . in TQFP-64, -80, or -100 packages, and
Combines smallest 32.168_ kHz cr_ysta_ll with prices start at $3.47 (10,000).

a complete CMOS oscillator circuit Microchip Technology,

www.microchip.com

. functions. The devices allow the addi-

Never before could you get high performance in such
a small package. A precision timing crystal and a CMOS

oscillator in a ceramic SMD, just 3.2 x 1.5 x1.0mm. For complete specifications,
+ 5.5V to 1.2V operation for reliable Call: 847-818-XTAL (9825) Ambient-light photo
operation — even on low battery email: sales @microcrystal.com .
° Max. current: 0.5uA @ 3.0V www.microcrystal.com Eeniﬁr ﬁqntrOIS dlsplay
* Short start-up time of 0.5sec max. ackKlig tlng
* RoHS Compliant; 100% lead-free L ~— Approximating the spectral-re-
¢ |deal for cell phones, smart phones, Wi — ] sponse curve of the human eye

GPS, PDAs, and portable instruments M icro Crystal
€ ©

Available for immediate deIivery. A COMPANY OF THE SWA’I'CI‘-! GROUP




the miniature, surface-mount APDS-
9008 ambient-light photo sensor con-
trols display backlighting. The APDS-
9008 analog-output photo sensor of-
fers a 1.6 to 5.5V voltage range. Aim-
ing at applications requiring measure-
ment of ambient light for controlling
display-backlighting power consump-
tion, the device has a V. as low as
1.6V. Available in a lead-free, mini-
ature-chip-LED surface-mount pack-
age, the APDS-9008 costs 60 cents
(2500).

Avago Technologies,
www.avagotech.com

Light-to-voltage
sensor suits
automotive industry

Joining the vendor’s Sensor-
EyeCTM line, the MLX75305
light-to-voltage sensor suits high-vol-
ume automotive, industrial, and con-

sumer applications. Claiming a life
span exceeding 15 vyears, the light
sensor’s output voltage varies linearly

mmy with incident
light. The IC
. integrates the
'~ photodiode,
. a transimped-
ance ampli-
fier, and a lin-
ear-voltage-output stage on the sensor
chip. This integration allows stable
light responsivity over time and over
temperature and improved noise be-
havior, compared with designs using
discrete photodiodes. Meeting AEC-
Q100 automotive specifications, the
devices provide a —40 to +125°C
temperature range; a consumer version
of the sensor is also available with an
operating temperature as high as 85°C.
Awailable in 3X3X0.65-mm DFN and
SO-8 packages, the MLX75305 costs
30 cents (medium quantities).
Melexis, www.melexis.com

MEMS-based vibration
sensor provides
early detection

Based on the vendor’s iMEMS

motion-signal processing tech-
nology, the high-bandwidth ADXLO01
MEMS vibration sensor enables moni-
toring of equipment performance. The
industrial vibration and shock sensor
allows early detection of motor-bearing
vibration and irregularities as high as
22 kHz. Available in dynamic ranges of
+70, =250, or £500g, the sensors have
a 22-kHz resonant-frequency band-
width and provide frequency respons-
es to dc. Additional features include
a nonlinearity of 0.2% of full-scale
range, a —40 to +125°C temperature
range, and the ability to function on
a 3.3 to 5V supply. The vibration sen-
sor requires no calibration. Measuring
5X5 mm in an LCC-8 ceramic pack-
age, the ADXLO001 costs $35 (1000).
Analog Devices, www.analog.com
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Elegant by design.
Strong by nature.

VersaLogic’s Cobra Single Board Computer (SBC)
brings an elegant combination of size and functionality
to embedded computing applications. The RoHS-
compliant Cobra is available in Pentium® M 1.8 GHz

or Ultra-Low Voltage Celeron® M 1.0 GHz options,
delivering on its promise of high-performance in a
mid-sized package. Cobra’s EBX platform enables multi-
function support for larger system requirements without
compromising computing power and design flexibility. A
PC/104-Plus expansion site and a host of integrated I/O
lets designers add critical capabilities without expanding
the board footprint. The Cobra is available in standard
(0° to +60°C) or extended (-40° to +85°C) temperature,
and is now offered in a fanless format. Customization is

available on quantities of 100 pieces or more.

Contact us and find out how for more than 30 years
we've been perfecting the fine art of extra-ordinary

support and on-time delivery: One customer at a time.

VersalLogic EBX and EPIC Products

Feature Cobra Sidewinder | Python | Gecko
Processor |Intel Pentium M, VIA AMD AMD
ULV Celeron M Eden LX 800 | GX500
Speed 1.0-1.8 GHz 1.2 GHz 800 MHz | 500 MHz
Ethernet Yes Yes Yes Yes
USB ports 4 6 4 4

1.800.824.3163
1.541.485.8575
www.versalogic.com/cob

£= VirsaLogIC
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EMBEDDED SYSTEMS

Conduction-cooled JPEG 2000
PMC card provides real-time
compression/decompression

Available in the PMC form factor, the Orion CC du-

al-channel video-compression/decompression board
suits use in VME and CompactPCI systems. The rugged, con-
duction-cooled board uses dual onboard JPEG 2000 engines,
supporting full-frame encoding of standard 625-line PAL or
525-line NTSC composite video. Using an image-coding sys-
tem and state-of-the-art wavelet-technology-based compres-
sion techniques, the board has better bit-rate-compression
performance than its JPEG predecessor. The Orion CC board
costs $4500.
Curtiss-Wright Controls Embedded Computing,
www.cwcembedded.com

High-density, 672-channel T3 PMC
suits voice and data applications

The wanPMC-C1T3 WAN PMC adapter terminates

672 HDLC channels. The adapter enables advanced
voice and data applications, such as VOIP, video on demand,
voice conferencing, and Internet routing. The adapter trans-
fers 64 or 32 bits of data at speeds as high as 66 MHz and
conforms to the PCl-local-bus 2.1 specification. It also offers
an M13 multiplexer, 28 T1/E1 framers, signal conditioning,
B3ZS transmission encoding and receiver decoding, and lo-
cal and remote loopback. The adapter comes with both Red
Hat and Timesys embedded Linux drivers. The WAN PMC
sells for $2281.

One Stop Systems, www.onestopsystems.com

Sensors ease integration into
drop-in-networking applications
or ZigBee networks

The battery-powered, long-life XBee wireless sensors

provide easy integration into drop-in-networking ap-
plications or ZigBee networks. The sensors allow customers
to collect real-time data from multiple nodes across a ZigBee
network and target use in building-automation, security, en-
ergy-management, food-management, and freight/vehicle-
monitoring applications. XBee sensors monitor a combina-
tion of temperature and light or a combination of temper-
ature, humidity, and light. The XBee temperature/light and
temperature/humidity/light models sell for $125 and $165,
respectively.
Digi International, www.digi.com
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This advertising is for new
and current products.

Linux, Windows, Mac O/S Support

Featured:
* Fax, Voice playback and recording
¢ 300 bps to 56K bps data
¢ USB 2.0 compliant
¢ Global compliance
Available;
Stand-alone
(1" x 1.4" x 2.5")
Internal Module
(1" x 1" x0.25")

~ We work closely with OEMs for
successful integration and fast
turnaround.

YRadicom

Affordable Modem Technology

sales@radi.com | www.radi.com 408-383-9006 x112

Standard & Customized
Pulse Generators for
Production Testing

Avtech offers over 500 standard models of pulse
generators, function generators, and amplifiers
ideal for both R&D and automated factory-floor
testing, including these models:

* AVR-EB4-B: for semiconductor tgy testing.

* AV-156F-B: for airbag initiator tests.

* AVO-9A-B: for pulsed laser diode testing.

* AV-151J-B: for piezoelectric testing.

* AVOZ-D2-B: for attenuator array testing.

* AVR-DV1-B: for phototriac dV/dt testing.

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

6 ADAPTERS & MODULES

e Device Replacement & Upgrades

e Subsystems & Daughter Cards

e Support for all IC packaging types

* Turn-key Production & Assembly
Solutions to many varied package and design
problems done skillfully and economically. Fast,
high quality, quick turn custom projects are
our specialty. We can provide complete turn
key solutions for subsystems and IC upgrades.
Request our Free Catalog!

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

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
and Vendor Database

Get the full function DEMO at
www.trilogydesign.com

Trilogy Design / 200 Litton Dr. #330
Grass Valley, CA 95945 / 530-273-1985

FlashCore-B [FB)"

Add embedded mass data storage,
16-bit ADCs to your product

©2.1” x2.4”, C/C++ programmable.

o CompactFlash interface with FAT file system.
o 16-bit ADCs, DACs, RS232 and TTL I/0s.

o Ultra-low quiescent current for battery power.

50+ Low Cost Controllers with ADC, DAC, 18 UARTs, 300
1/0s, solenoid, relays, CompactFlash, LCD, DSP motion
control. Custom board design. Save time and money.

1724 Picasso Ave., Suite A
Davis, CA 95616 USA
TE Tel: 530-758-0180 » Fax: 530-758-0181

www.tern.com
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Passive part becomes aggressive

n 1981, I landed a job maintaining a computerized tele-

phone-answering service. The system comprised a 16-bit

minicomputer, disk drives, a paper-tape reader, a card reader,

and a Teletype. The computer had switches and lights on

the front panel and external I/O cards for all of the devic-

es. The answering service assisted doctors, ambulances, and
other critical-care clients, and the computer had to stay up and
running as much as possible. There were two computers, aptly
named A and B. One was supposed to be online, and the other
was to be ready to go online if the online system failed.

The system ran on a real-time oper-
ating system and was very impressive in
its time. The computer had 32 kbytes
of core memory and four 1-Mbyte disk
drives, yet it could route hundreds of
phone calls to 16 operators.

The B computer was the online
system, and the A computer was the
offline system. My colleagues informed
me that, although the A system had
passed all of the diagnostic tests, it
could not run the online system, and
the B system could not pass the diagnos-

tic tests but ran the online system fine. I
did my own testing and found this situa-
tion to be true. | wasn’t content to leave
it that way, though.

The A system would run the online
software for 10 minutes, then become
unresponsive. The previous repair peo-
ple had replaced every card in the A
system, and it still failed.

I had to somehow compare the sys-
tems to determine differences, and I
first looked at the interrupts. I knew
that the diagnostic software disabled

every interrupt except for the interrupt
for the device under test. I also knew
that the real-time operating system
had good interrupt handlers for the de-
vices it used. The only interrupt left to
worry about was a spurious interrupt.
The minicomputer had 128 possible
interrupts, and the real-time operating
system used only 10. I wrote software to
count the number of spurious interrupts
and found that the offline system had
hundreds of spurious interrupts per min-
ute. The online system had thousands
of spurious interrupts per minute. The B
system was far noisier electrically than
the A system and still worked better.

Next, I modified the operating sys-
tem, a backup copy, to “think” it was
online. I forced disk, terminal, and
Teletype activity to load the system.
After 15 minutes, it went to sleep. [ ran
that test three more times just to prove
that the A system would fail. The next
step was to run only the Teletype to
see whether the computer would con-
tinue to run. The test ran this way for
several hours.

[ then added one device at a time.
The test failed with the addition of the
second disk-controller card. This result
was confusing because this card passed
all of the offline diagnostics. The only
part that [ had not repeatedly swapped
was the backplane card that held the
I/O cards.

I found that I could run both disk-
controller cards, with some rewiring, in
the same backplane. When [ did, the
system tests ran perfectly. [ swapped out
the bad backplane.

[ then put the A system online and
watched it for several hours. It did not
fail, and none of the users knew any-
thing had changed. I was finally able to
take the B system down for some much
needed rest.EDN

Craig Hermann is underemployed in
Fort Myers, FL. You can reach him at
chermann@att.net. Like Craig, you
can share your Tales from the Cube
and receive $200. Contact edn.editor@
reedbusiness.com.
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GET UP TO 50% LOWER COST

Xilinx Spartan™-3 Generation devices are the only low-cost FPGA family to cut
your total cost by half... and we can prove it! We offer the industry’s widest
range of devices, most comprehensive IP library (8x the nearest competitor!),

a huge selection of development boards and we’ve minimized the need for

external components.

Visit us at www.xilinx.com/spartan to download our free ISE™ WebPACK™ design tools and

start your Spartan-3 design today. You too can experience the lowest total cost. Period.
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www.xilinx.com/spartan
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Thinls In

6-MHz, 500mA DC/DC converter builds thin

TI’'s 6-MHz buck converter, TPS62601, is the smallest 500mA DC/DC solution on the market. It
builds extremely thin with 0.6mm height and an ultra-small footprint of 13mm?, making it ideal
for applications where space limitations are critical and performance and efficiency are required.
High-Performance Analog>>Your Way™.

www.ti.com/tps62601 1.800.477.8924 ext. 4672 X
Get datasheets, samples and evaluation modules
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