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NXP-the new company
born out of Philips
Semiconductors

With all the energy of a new beginning,
fuelled by 50 years of wisdom, NXP
Semiconductors is ready to answer all your
questions — especially the impossible ones.
The ones that are still dreams but soon

will be transformed into amazing sensory
experiences.

Driven by the open mind and the curiosity
of a newborn, NXP is already leading the
world of vibrant media technologies. This
leadership position is reflected in billions of
dollars invested in research projects, the
registration of more than 25000 patents and
the numerous state-of-the-art solutions in
the ID, Automotive, Mobile and Home
sectors. Discover how your innovations can
be seen, heard and felt in a completely new
way at www.what-if-you-could.com,
because the question from now on is: what
would you like to question? L

What if you could

founded by Philips
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DESIGN IT YOUR WAY...
6A,12A,18A, YOU CHOOSE

myPOWER™ Delivers Optimized Performance, On-line Hardware Customization and Simulation

4, Full BOM |

ect Design

BTo Fioas

(3. simulate, Analyzé and Configure|_

"

sz - I (.\c: g

[ o
L Shone
i*

g-\cu (mm #?f“’ T
+ 166000 F 2= 4 —L
(nvcc gve

\ L

[

10 cn

y
Bome T
zx T

=+

R
! . =4 -
vRz [ = » A T
— A N AC
: Haco Four i — L
0000

-

: 25
12V, / 3.3Vgy
@ 18A & 400kHz~2.0in"

12V, / 1.8Voy
@ 12A & 400kHz ~1.5in’

5V; / 1.25V
@ 6A & 600kHz ~1.0in’

Part Input Output  Output Delivery

Siicg Power Semi BOM

Number Voltage Voltage Current Frequency Time Lomnients
IRPP3637-06A 5V 1.25V 6A 600kHz IR3637AS, IRF8910
IR3637S, IRF7823, Standard Ref Design
IRPP3637-12A 12V 18V 12A 400kHz \RF78307 24-48Hrs Fixed BOM
IR3637S, IRLR8713,
IRPP3637-18A 12v 3.3V 18A 400kHz IRLR7843
IRPP3637-06AC Up to 6A Various Customizable Ref Design
BOM configurable
3.0Vto 0.8V to 400kHz or . on-line.
IRPP3637-12AC 13.2V 50V Upto 127 600kHz Various 1-2Wks Operating range defined
is NOT
IRPP3637-18AC Upto 18A Various possible with one BOM

DirectFET™ & myPOWER™ are trademarks of International Rectifier Corporation.

for more information call 1.800.981.8699 or visit us at
http://powirplus.irf.com

International Rectifier's new expanded
myPOWER™ online design tool now
includes chipsets that offer dependable
reference designs and enhanced on-line
design service. The first chipsets are
based on IR's IR3637S and IR3637AS
controllers, targeted at single-phase
synchronous buck converter applications.

IR3637 IC Features

e 1% accurate, 0.8 V referencce

e Internal 400 kHz/600 kHz oscillator
¢ Soft-start function

e Short circuit protection

International

Rectitier

THE POWER MANAGEMENT LEADER
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“At Symtx, we design, manufacture, and install hundreds of : -
advanced functional test systems worldwide every year.
By using NI TestStand, we are able to meet vastly different
customer requirements and still reduce our software
development time by more than 30 percent.”

Atanu Bhattacharya
Test Software Manage

NI TestStand — The Industry Standard
in Test Management Software

NI TestStand is a ready-to-run test management environment from National Instruments for automating your test and
validation systems. With NI TestStand you can:

e Develop, manage, and automate your test sequences * Execute test modules written in any programming language
e Simplify your maintenance through a modular, * Specify sequence flow, reporting, database logging,
fully customizable test-system framework and connectivity to enterprise systems
 Leverage toolkits and add-ons from NI TestStand e Maximize test throughput with built-in parallel and batch
product and solution partners execution and synchronization
To learn how Symtx and other electronic manufacturers are (800) 891-8841

accelerating development and reducing costs, visit ni.com/teststand.

© 2005 National Instruments Corporation. All rights reserved. National Instruments, NI, ni.com, and NI TestStand are trademarks
of National Instruments. Other product and company names are trademarks or trade names of their respective companies. NAI NAL
’ INSTRUMENTS



EDN hands-on project:
Mobile makeover

With the right com-
munications link and read-
ily available development tools,
you can transform an off-the-shelf
smart phone into a low-cost,
mobile user interface for your next
embedded-system project.
by Warren Webb, Technical Editor

High-speed bus for
PC management
emerges

Analog Devices and Intel

have collaborated on a new
high-speed bus. The Simple Serial
Transport bus provides PC-system
management. by Charles H Small,

Contributing Technical Editor

Handling differential
skew in high-speed
serial buses

Differential skew has

become a performance-
limiting phenomenon. You can
manage it with a variety of
approaches. by Arnold Frisch,

WarpSpeed Chips LLC

IDEAS

VOICE OF THE ENGINEER

contents
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Downlink enables
remote boundary-
scan tests

Link internal IEEE 1149
structures with communi-
cation ports integrated within a
product and available to the out-
side world.
by Marc van Houcke and
Anthony Sparks, JTAG Technologies

Tapping Linux as an ap-
plication framework for
consumer electronics

In the consumer-electron-

ics industry, product life
cycles are short, and price pres-
sures are constant. Electronics
manufacturers must produce con-
sumer devices faster and reduce
overall costs and time to market.

by Benoit Schillings, Trolltech

Application dictates
choice: fixed- or
floating-point DSP?

A comparison of fixed- and

floating-point implementa-
tions and some sample applica-
tions highlight some of the pros
and cons of each approach.

by Boris Lerner, Analog Devices

PSoC microcontroller and LVDT measure position

Sin gle microcontroller pin senses ambient light, controls illumination
Hartley oscillator requires no coupled inductors

Send your Design Ideas to edndesignideas@reedbusiness.com.
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Cyclone
economics

just got more
economical.

JALTERAW

Cyclone?‘\ll

Cyclonef@?ll The lowest-cost FPGAs ever.

Building on the success of the original Cyclone™ family, the 90-nm Cyclone 11 * Densities up to 3.5x the original
family gives designers more density, more features, and more speed than Cyclone family

ever before, all at a lower price. Cyclone II devices are the lowest-cost FPGAs * Dedicated DSP circuitry

ever, making them ideal for a wide range of volume-driven applications and * Average of 60% faster than the

creating a compelling alternative to ASICs for high-volume designs. eolnperion S
¢ 90-nm devices shipping in volume
When you need a company to rely on, Altera delivers. For  g,50rtedy

high performance, more capabilities, fast time-to-market, & Aum
and a price that will blow you away, contact us today at QUARTUS 11 e
www.altera.com/cyclone2. The Programmable Solutions Company®

www.altera.com/cyclone2

Copyright © 2005 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are
identified as trademarks and/or service ma re, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights.

Leading through inmovation.
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Waveform-viewer software works with four
suppliers’ DSOs

Two new suppliers broaden users’ handheld-DSO
choices

Midrange device includes SERDES function
Flexible switch has 48 lanes

DSOs find and display anomalous waveforms
before you can explain why they are unusual

@AEMC
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EDN.comment: Cellular radios:
Not just for phones anymore

Bonnie Baker: Get more accuracy from your DAC

Prying Eyes: Mini-NAS: an unfinished
masterpiece?

Tales from the Cube: Serendipity saves the day

Milestones That Mattered: Floppy disks led the
removable-storage stampede

Scope: Electronica, early digitial logic, and more

IC tool ensures proper heat dissipation

Ultrathin heat spreader uses fluid core to cool
processors, displays

Global Designer: Single-chip receiver for mobiles
handles TV and radio; Enterprise networks tout
10-Gbps speed

Voices: HP's Paul Tuttle

Optoelectronics/Displays: Low-voltage LED
assemblies, boost converters, energy-saving
LED-tube lights, and more

Embedded Systems: Isolated-driver cards,
LCD-panel computers, FCC- and ETSI-certified
wireless modules, and more

Test and Measurement: Multimeter upgrade,
extractor software, digitizer cards, and more
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“At FCl,
we set the standards
for connectors,,

Visit us at Electronica
Stand B4, 418 Hall B4

www.fciconnect.com

‘“With operations in 30 countries, FCI is a leading manufacturer
of connectors. Our 13,500 employees are committed to providing
customers with high-quality, innovative products for a wide range of
consumer and industrial applications. ,,

www.fciconnect.com



Check out these Web-exclusive articles:

Test products support PCI Express,

HDMI

Agilent Technologies has announced

what it calls the industry’s first complete

and integrated x1 through x16 protocol

analyzer and exerciser system for 5-Gbps

PCle (PCI Express) 2.0, which doubles the

1.x protocol's speed.
www.edn.com/article/CA6375108

Gain-selectable amps compensate

for bandwidth roll-off

Microchip’'s new MCP6GO1 and

MCP6GO02 series of amplifiers uses one

pin to select a gain of one, 10, or 50 at 1

MHz, 350 kHz, and 300 kHz, respectively.
www.edn.com/article/CA6367508

Light version of IP interconnects
hardware blocks
While it has been busy licensing its wares
into some of the most influential platform
designs in the industry, including Texas
Instruments’ (www.ti.com) OMAP (Open
Multimedia Applications Platform) archi-
tecture, Sonics has been in an uphill battle
to define the concept of interconnect IP
(intellectual property).
www.edn.com/article/CA6370309

Our man at the Intel Developer Forum
Here's a roundup of posts that Senior
Technical Editor Brian Dipert filed in his
blog, Brian's Brain, while attending the Intel
Developer Forum.
www.edn.com/article/CA6376152

online contents

www.edn.com

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

Tales from the Cube: Perceptions
and realities
www.edn.com/article/CA6368459

Spice simulator offers speed, capacity
increase over competitors
www.edn.com/article/CA6373509

Paradoxically, RF integration
may be SiGe’s best friend
www.edn.com/article/CA6373171

Making waves: Eight years later,
details still matter
www.edn.com/article/CA6368440

SDR goes to war
www.edn.com/article/CA636844 1

“Brick-wall” lowpass audio filter
needs no tuning
www.edn.com/article/CA6368442

Voltage-regulator droop
www.edn.com/article/CA6368445

Abracadabra: Making system
interconnect disappear with FPGAs
www.edn.com/article/CA6368447

Nanoscale cavity amplifies LED output
by seven times
www.edn.com/article/CA6368454

Your name in lights, on your body
www.edn.com/article/CA6368455

We’re now accepting nominations

for the 17th Annual EDN Innovation

Awards. Our online nomination pro-

cess makes it easy to submit your

company’s engineers and products for

consideration. The nomination deadline

is November 22. The awards ceremony

will take place April 2, 2007.

For complete details, visit:
www.edn.com/innovation

Visit www.edn.com/50th for all of the spe-
cial content we prepared to commemorate
our 50th anniversary last month, including:

« An interactive time line
of Milestones That Mattered

* Four special features on overarching
trends that have driven the industry
and will continue to do so

« Audiocasts by Editor in Chief Maury
Wright and other industry figures

« Comments from past EDN editors

* The complete contents of EDN’s
prescient 25th-anniversary issue
www.edn.com/50th
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The new Virtuoso® custom design platform from
Cadence® provides an exceptionally fast and silicon-

accurate way to design custom analog, RF and mixed-

signal integrated circuits. >>>>>>>>>>>>>>>>>

* Integrated products on a common database address
complex design requirements across process nodes. >>>
* Automated constraint management connects the electrical
and physical design domains for the first time—helping
Announcing the new Cadence Virtuoso custom design platform: only the most innovative new solution maintain design intent within the flow, and across globally
can inspire the most innovative new thinking. www.cadence.com/newvirtuoso distributed design chains and customers. >>>>>>>>>>>>
* High-speed, comprehensive simulation engines enable
constraint refinement, and a brand new custom floorplanner
allows analog design teams to rapidly explore multiple design
architectures prior to implementation. >>>>>>>>>>>>>>
* New layout techniques and integrated DFM yield the best,
most differentiated custom silicon possible. >>>>>>>>>>>
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<<<<<<< www.cadence.com/newvirtuoso >>>>>>>

T e
([(934)8--*30890/ “-*002/1030/8(8)7//11/#</0%8677:]
(90)8031///125630[591653/->8/* *{{8761898}}0*9)

3432011(57%89)&2{/178//1483//[8840]//::(000121
<699{5}158(57)300[4-*}0012:/{77638}093>>
{829/:504(35/8)1764938}//*-/99385//*089
9//640/3/8(99)90{84}50/577{543090}30
<87:78/5-9*600(3)1 “/6*940-:*68500
164//750/6850(59)/54194{0375096}
48/*458(975"45"0)00/59-03/5//
569(345/7(35]91)7/935*30
(53/%487[79]37345)

93U39/57/30:/3

@O{END}

il

cadence

y

© 2006 Cadence Design Systems, Inc. All rights reserved. Cadence and Virtuoso are registered trademarks and the Cadence logo is a trademark of Cadence Design Systems, Inc.



12 EDN

Cellular radios:

EDN.COMMENT

BY MAURY WRIGHT, EDITOR IN CHIEF

Not just for phones anymore

he most compelling products and presentations at the Demo
Fall conference (Sept 26 to 27, www.demo.com) in San
Diego, CA, all centered on mobile connectivity. Perhaps
the focus shouldn’t have surprised me, because the name
of the autumn version of the conference used to be Demo
Mobile. But “mobile,” in this case, was a bit different. The
conference featured its share of handsets with cameras and other sensors

enhancing the basic phone functions.
The most compelling concepts, how-
ever, used an integrated cellular radio
as just another enabling component.
The best product pitch came from
Dash Navigation (www.dash.net) in
the first session. Dash introduced an
automotive-GPS (global-positioning-
system) product that looks like many
of the others on the market. But Dash
integrates a cellular radio in its de-
vice. The cellular connection allows
real-time communications in both
directions. That scenario means that
you might actually find the restaurant
or theater that wasn’t in your latest
data update for a conventional GPS.
Of more importance, the cellular
connection allows Dash to send you
real-time traffic updates and routing.
Dash takes traffic-flow information
that is available from service providers
in major cities and real-time data from
other Dash customers and provides
real-time ETA data and alternative
routes. The company didn’t release
prices but claims that hardware pric-
es will be competitive with other au-
to-GPS systems. Dash, will, however,
charge a monthly service fee as well.
But Dash’s are the first GPS products
to offer real value every time you get in
the car: Traffic flow is much more im-

| OCTOBER 26, 2006

portant than navigation for most of us,
especially in our local areas.

Paul Jacobs, Qualcomm’s chief ex-
ecutive officer, also addressed embed-
ded-cellular applications in addition
to the latest phone technology. I had
never heard a Qualcomm executive
speak without trying to make the case
that the phone would usurp all other
portable applications. Jacobs, howev-
er, went into detail on consumer prod-
ucts that might have an integrated
cellular radio playing second fiddle.

Jacobs cited a portable game machine
as an example, pointing out that an em-
bedded radio would potentially enable
multiplayer gaming, in-game advertis-
ing, or “smack talk” between players.
And it was refreshing to hear Jacobs ac-

/

knowledge that consumers wouldn’t be
expected to have separate subscriptions
for all such devices that might have a
cellular radio. “The industry now is
working through the idea: How do you
have a subscription and then trans-
fer it among your various devices?” he
said. “It’s the device that you have with
you, or maybe a couple of devices, that
you'll have the subscription on.”

The applications go way beyond en-
tertainment. Jacobs cited a cellular-en-
abled glucometer as an example. Par-
ents of a diabetic kid or a doctor man-
aging a critically ill patient might find
such a device invaluable. Jacobs also
claimed that heart monitors have inte-
grated cellular radios.

Of course, Jacobs did cite advanc-
es in phone-centric devices, as well.
He showed a phone that is shipping
in Asia that integrates a 4-Gbyte disk
drive and suggested that phones would
serve as DVRs (digital-video record-
ers). And, no, you don’t have to watch
the programming on the small screen.
Jacobs claimed that high-end phones
will have video out to drive large dis-
plays, and, currently, the phones sport
better graphics than those in the origi-
nal Sony PlayStation. He also asserted
that the phone-to-flat-panel link may
ultimately come by means of a stan-
dard, such as Wireless USB.

What does this scenario mean for de-
signers? Start thinking about how wire-
less-WAN connectivity can affordably
enhance your next product.EDN
Contact me at mgwright@edn.com.

MOORE’S LAW OR MURPHY’S LAW?

In our last issue, we formally celebrated our 50th anniversary and mailed
subscribers what we think is a cool poster listing industry milestones. | ex-
pected disagreement over our milestone choices, and, indeed, these com-
ments are flowing in. But | didn’t intend to have to admit an embarrassing
error in the poster: The photo that we associated with Moore’s Law is not of
Gordon Moore. The gentleman in the photo is Nick Holonyak, an engineering
professor from the University of lllinois who has many accomplishments to
his credit, including a National Medal of Technology for his work with LEDs.
We also, somehow, listed 1971 as the date for Moore’s Law, although it really
dates back to 1965. We should have caught both errors. We apologize for the
mistakes to all readers and to Gordon Moore and Nick Holonyak.



Asthinas 0.8 mm

Inductance up to 3300 uH
Highest Isat ratings
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LPS3008 LPS3010 LPS3015 LPS4012 LPS4018
0.56 - 330 uH 0.47 - 330 uH 1-330 uH 0.33-3300 uH 0.56 - 3300 uH
Upto1.8A Upto2.3A Upto20A Upto5.0A Upto4.8A
3x3mm 3x3mm 3x3mm 3.9x3.9mm 3.9x3.9mm
0.8 mm high 0.9mm high 1.4 mm high 1.1 mm high 1.7 mm high

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

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

Highest saturation current ratings Compared
to competitive inductors of the same size, our
Isat ratings are typically 20 - 30% higher.
Widest range of L values Only Coilcraft’s LPS

family offers you so many inductance options:
from 3300 pH all the way down to 0.33 pH.

OVERNIG

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

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

See why designing in our new LPS
inductors is a really bright idea.
Visit www.coilcraft.com/lps3

ST n ‘ ;
soom DELIVERY! CALL BY 5¢ www.coilcraft.com 800/322-2645



Play In Our Backyard: Micrel's Embedded Media
Converter Solutions for Quad Play Applications

Highly Integrated Media Converter Solutions
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The KSZ8862-16MQL (or —32M0.|_) and the Good Stuff:

K528893F0L are highly |nt'egrated Layer-2 mana_ged_ @ Physical layer support for Copper (10BASE-T/100BASE-TX)
Media Converters ideal for today's quadruple play applications and Fiber (10BaseFL, 100BaseSX, 100BASE-FX)

(Video, Gaming, Voice and Data). They offer an extensive @ Integrated LED drive’r and Post A’mp to lower overall
features set that includes rate limiting, tag/port-based VLAN, BOM costs

QoS priority, Management Information Base (MIB) counters and @ KSZ8893FQL supports OAM sub-layer which conforms
multiple host interfaces to connect to virtually any CPU or FPGA. to TS-1000 V2 specifications

For more information, contact your local Micrel sales @ Quadruple Play support with: 4 priority queues for voice,
representative or visit us at www.micrel.com/ad/8862m-8893f. video, data, gaming
Literature: 1 (408) 435-2452 o Information: 1 (408) 944-0800 @ Programmable rate limiting on the ingress / egress ports

for congestion control
@ MAC filtering function prevents switch congestion

- ® @ |PV6 MLD snooping support detects and forwards IPV6
ml:ﬂ:L packets to processor
@ LinkMD cable diagnostics to determine cable length and
Innovalion Through Technology™ opens/shorts in the cable

.miﬂrel.ﬂom 4 HP Auto-MDIX auto crossover

© 2006 Micrel, Inc. All rights reserved. Micrel is a registered trademark and LinkMD
is a trademark of Micrel, Inc.
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Same Footprint As Device Compact Size Industry-Proven Solder Ball Terminals Thousands of Footprints Online

From concept to completion, Advanced is your single source for comprehensive
BGA socketing systems. We specialize in economical, dependable alternatives
to direct device attach, with an array of innovative solutions for any stage of
development. Whether you're using BGA, LGA or CSP devices in prototype or
production applications — you can be sure we're with you every step of the way.

Fine Pitch Device Validation To learn more, visit us online at ABVANGED
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Delay Calibration of Signal Path Interconnect
In Remote Radio Head (RRH) Basestations and Other Applications
— By Dave Lewis, Interface Applications Manager

C alibrating delays through a signal path is growing in importance as

systems become faster and more parallel. Often, the system needs to

know the delay from the central processing unit to remote A/D and
D/A modules and then be able to compensate for any delay variations between
one signal path and the others. Example applications where delay calibration
may be useful include wireless basestations, radar, satellite, test equipment,
medical imaging, particle accelerator equipment, and other high-performance
applications. This issue of the Signal Path Designer will focus on basestations
as an example, to see how Nationals SCAN25100 serializer/deserializer
(SerDes) performs precision delay calibration measurement.

Basestations

There is a growing trend in wireless basestations to move the radio
electronics from the basestation to the antennas, increasing radio efficiency,
deployment flexibility, and coverage while consolidating DSP and backhaul
resources for lower CAPEX and OPEX. These Remote Radio Heads (RRHs),
however, can be a challenge to synchronize back to the central basestation
“hotel.” A second challenge is calibrating every delay path from each
antenna to the basestation. This article will examine these two timing
challenges in more detail.

Rate Select. etc. REFCLK (30.72 MHz)
FEEE soe T Sod prr e ey e e s e s ce s s e S e e
| = e '
: Link Statas (Lock, LOS, LOF etc) e :
: ::::a'(':u n'mu“:’:umw_.@"’l&ﬂd Emphasis 1
o= !
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8b/10b © '
DIN [0:9] / Serial 1 bouts

T 3 Encoder - L
[ A HINE i
2 HE] !
TXCLK RofCLK HE P = s )
HEE LI '
HRE = |
s |z 3 -
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Figure 1. SCAN25100 Next-Generation CPRI SerDes Block Diagram
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Interface and ADC Solutions for Next-Generation

Basestations

SerDes with Integrated 30.72 MHz Clocking and Precision Delay Calibration

Measurement
Automatic Remote Radio A A
Head Synchronization
Basestation
Remote Remote
(BTS) Radio Head Radio Head
Y (RRH) (RRH)

o

x 800 ps Precision
Delay Calibration Measurement

SCAN25100 Features

e 2457.6, 1228.8, and 614.4 Mbps operation e Automatic remote radio head synchronization
 Exceeds both LV and HV CPRI v2.0 physical Receiver locks without a reference clock

interface requirements Low phase noise 30.72 MHz recovered clock output
e Superior jitter tolerance and link performance o Serializer output jitter independent of Refg
* Precision delay calibration circuitry measures Industrial —40 to +85°C temperature range

delay with + 800 ps accuracy Available in TQFP-100 packaging
e Deterministic chip latency

1.1 GHz Bandwidth 14-bit, 155 MSPS ADC Enables High IF Sampling

ADC14155 Features

« 1.1 GHz full power bandwidth ADC14155 SFDR and SNR Performance
* Digitize IFs as high as 450 MHz N |

e Dual 3.3V and 1.8V supplies for low power consumption L \\ —

e Duty cycle stabilizer 80 : \

e Power down mode % 75 SR

e Straight binary or 2's compliment data format 70 >>—<

* Internal precision 1.0V reference 65 e ——
¢ Data ready output clock 60 i . |

* Single or differential clock modes ’ " 2°‘:npmm:‘l‘l‘lnwm‘$) o
¢ Available in LLP-48 packaging

See National's new wireless infrastructure guide for complete portfolio information at solutions.national.com
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Figure 2a and 2b. RRH Synchronization with Typical SerDes (a), with National's SCAN25100 (b)

RRH Synchronization

During initialization, the system must synchronize
the entire network of remote radio heads to the
basestation hotel even though the basestation
(BTS) and RRHs are often separated by large
distances over a serial fiber links. All data, control,
and timing is carried by these serial streams—there
is no high frequency clock sent in parallel—so each
RRH must extract all timing information from the
serial link. The RRH first starts up based on a local,
on-board clock source. In this mode, it is free run-
ning and is not synchronized to the BTS. To syn-
chronize to the BTS, the RRH must transition to
its SerDes recovered clock once the SerDes is
locked to incoming stream from the BTS. This
clock switchover can cause many SerDes devices to
lose lock because they use the reference clock to
determine if the deserializer still locked. During the
clock switch, the deserializer sees a phase and fre-
quency change on reference clock and may decide
it is no longer locked (Figure 2a), reverting back to
lock acquisition mode. This issue may not occur
under all conditions, so it raises reliability concerns

in the field.
National’s SCAN25100 (Figure 1) incorporates

separate, independent transmit and receive Phase
Lock Loops (PLLs) and on-chip oscillator, enabling
the deserializer to acquire lock without a reference
clock. It seamlessly automates RRH synchronization
through a special clock output called SysCLK.
SysCLK reflects the SCAN25100 on-chip oscillator
during start up to get the RRH logic up and running,
but then transitions to the recovered clock once the
deserializer locks to the incoming serial stream
(Figure 2b). SysCLK gracefully transitions from
on-chip oscillator to recovered clock in order to

signalpath.national.com/designer

allow downstream components to track this slight
change in frequency. Since SysCLK is a low-noise
output, it can be fed directly back to RefCLK in
single-hop RRH applications, saving jitter-cleaning
cost and complexity.

Figure 1 shows the SCAN25100 has four clocks.
The TxCLK and RxCLK are FIFO logic strobes for
the parallel bus data timing and don’t play a role in
serializing or deserializing data. RefCLK, on the
other hand, is used by the serializer to serialize data
and should be a low jitter clock to minimize jitter
on the serialized data stream. Finally, SysCLK
reflects the internal on-chip oscillator before dese-
rializer lock and then mirrors the recovered clock
from the BTS data stream after deserializer lock.
During this frequency transition, TxCLK should
be held static high or low to prevent over- or
under- flow of the parallel bus FIFO as shown in
the typical start-up flow diagram in Figure 3.

& B
Power Up

& 2
After a link resynchronization

J ‘ event (reset, power down,

loss of lock , comma
(re)alignment, etc.)

On-chip POR circuit
maintains internal reset
for 150 ms

Synchronize

Wait until all clocks
are stable and synchronous.
Hold TxCLK & RxCLK high or low.
. J

This state flushes & resets
internal FIFOs

A4

Read/Write Data

Toggle TxCLK (& RxCLK) to
write (& read) data at parallel bus

F

i)
Figure 3. SCAN25100 RRH Synchronization Start-Up Flow
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Solutions for Wireless Infrastructure

Typical Radio Diagram

LMHG6550 /ADC081500/081000

LMHG551 ADC082500
ADC083000 EQ50F100

ADC14155
TN 1/0 Signal
Conditioning

Deserializer Data

10-, 16-, 18-,
21-, 28-, 48- bit
SerDes,
SCAN25100 CPRI

Power
Detection

LMV751
LMV821

Lmvzsz LMX2531 (or LMX2xxx + VCO) Tx

R Clessoza  10- 16+ 18-,

21-, 28-, 48- bit
SerDes,

SCAN25100 CPRI
Single ADC Dual ADC
ADC081000 ADC12DL080/066/065/040 ADC120S065
AADC082500 ADC11DL066
ADC083000 AADC08D1500/08D1000
CLC5955/5957
= ADC14155 x

LMX2531 (or LMX2xxx + VCO)

Data

Serializer

Redundancy
Switching

Clock Synthesis, Distribution, and Jitter Clean-Up

Clock B pjjvco = VDS Clock

Distribution

DSsoLv110T LMX2xxx LVDS PHYs
DS92CK16

Control

DP83848
Temperature

Sensors 4——N—> Test

LM5xxx & Many Others LM74/75/76/77 & LM95234 SCANSTA101/111/112

See National’s new wireless infrastructure guide for complete portfolio information at solutions.national.com
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Select Products

High-Speed A/D Converters

Max Speed
(MSPS)

Product ID
14-bit ADCs
ADC14L040
ADC14155
8-bit ADCs
ADCO081000

Resolution

14-bit
14 bit

8-bit

40

Supply
Voitage

33

LQFP-128 exp pad

ADC081500 8-bit 1500 LQFP-128 exp pad
ADC082500* 8-hit 2500 LQFP-128 exp pad
ADC083000* 8-bit 3000 LQFP-128 exp pad
ADC08D1000 8-bit dual | 2000 LQFP-128 exp pad
ADC08D1500 8-bit dual | 3000 LQFP-128 exp pad
ADC14C105% 14-bit 105 LLP-32

2/2.5G Digital Down Converter (DDC)

Product ID | Description
14-bit input resolution, 78 MSPS DDC with AGC control and 1.8V core supply voltage.

Very low 290 mW power consumption. SFDR is 100 dB, SNR is 127 dB, and tuning resolution is 0.02 Hz.

CLC5903

Precision Amplifiers

Noise

Product ID Description (nVA/Hz) | Packaging

LMP7701/2/4 Precision single/dual/quad 0.7 0.2 25 S0T23-5, MSOP-14, TSSOP-14
LMP7711/12 Precision single/dual 1.15 0.15 17 5.8 S0T23-6, MSOP-10
LM6211 Low noise 5 to 24V single with CMOS input| 1.05 25 20 5.5 S0T23-5

High-Speed Amplifiers

Small Signal Voltage
Slew Rate | Bandwidth 2nd/3rd HD Noise
Product ID | Type (V/ps, Ai=1) | (MHz, A=1) (R, = 100Q2) (nV//Hz) | Packaging
LMH6550 Single differential I/0 amplifier | 3000 400 -78/-88 at 20 MHz | 6 S0IC-8, MSOP-8

LMH6551 Single differential /0 amplifier | 2400 370 125 -94/-96 at5 MHz | 6 S0IC-8, MSOP-8
LMH6702 | Single, op amp 3100 1.76 GHz 125 -63/-72 at 60 MHz | 1.8 S0T23-5, SOIC-8
LMH6703 | Single, op amp 4500 1.26 GHz " -69/-90 at 20 MHz | 2.3 S0T23-5, SOIC-8
CLC5526 Digitally controlled variable — 350 48.0 -67/-71 at 150 MHz| 2.2 SSOP-20
gain amplifier
RF Detectors

Product ID Application Detector Channel Packaging

LMV221* 3G, WCDMA, CDMA, UMTS, TD-SCDMA Log amp 40 dB, 3.5 GHz LLP-6
LMV232 3G, WCDMA, UMTS, TD-SCDMA Mean square 20 dB, 2.2 GHz Micro SMD
Interface

Clock |Max Max

Speed | Rate/Ch Throughput
Product ID | Ratio | Function | #Ser | #Des | (MHz) |(Mbps) (Mbps)
8h/10b CPRI Basestation SerDes
SCAN12100 :

SCANZ5100 | 8:1

Temperature | Packaging | Eval Kit

614.4,1228.8
30.72 |614.4, 1228.8, 2457.6

-40 to +85°C | TQFP-100
-40 to +85°C | TQFP-100

SCAN25100EVK

SerDes 1 1 SCAN25100EVK

Receive | Max
Pre- Equal- | Speed/
emphasis | ization

In- | Out- | Muxing
Input Compatibility | Output | (dB)’ (dB)

Product ID puts | puts | Options
Buffers
DS25BR400 Quad CML buffer 8 8 Loopback | LVDS/LVPECL/CML | CML | 0/-3/-6/-9 | 0/5 2500 | LLP-60
DS42BR400 Quad CML buffer LVDS/LVPECL/CML 0/-3/-6/-9 LLP-60
Multiplexers and Mux-Buffers
DS25MB200 Dual 2:1/1:2 mux/buffer
DS40MB200 Dual 2:1/1:2 mux/buffer |6 |6

* Preliminary product information
T CML devices in this column that feature de-emphasis show a negative dB

Function (Mbps) | Packaging

2:1/1:2,LB| LVDS/LVPECL/CML | CML
2:1/1:2, LB | LVDS/LVPECL/CML | CML

0/-3/-6/-9
0/-3/-6/-9 | 0/5 4000 | LLP-48

O
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Figure 4a and 4b. SCAN25100 Delay Calibration Measurement Operation (a), Results (h),
Intra-RRH Delay Measurement Example

Delay Calibration

After the system powers up and the RRHs
are frequency-locked to the BTS, the system
must calibrate all delays between RRHs and the
BTS to meet air-interface timing requirements.
Delay measurement in basestations is usually
accomplished using frame timing. For example, the
CPRI basestation standard specifies that the delay
between an RRH and a BTS is (T14 — Togpser)/2,
where T14 is the delay between transmitting and
receiving a hyperframe at the BTS and Toppger is
the delay between receiving and transmitting a
hyperframe at the RRH. Assuming the system is
synchronous, hyperframes have fixed length and
the RRH-BTS interconnect delay is equal in both
directions (e.g. both optical fibers are in one
bundle), the interconnect delay is just the
difference in hyperframe arrival and departure
times measured at each side of the link.

The SCAN25100 simplifies delay calibration by
directly reporting T14 and T gt delays as well as
its own chip delay (Figure 4a). In addition, the
SCAN25100 also measures something National
calls Tinour and Toyrn. These delays are just like
T14 and TOFFSE’I‘ but WhCrC T14 and T()FFSE’I‘ are
measured at the serial bus, Tix.our and Toyr are
measured at the parallel bus. That means the
system can use Tn.our  and Toypn to measure
digital logic delays, and with loop back, even delays
in the analog RF signal path (Figure 4b).

Delay measurement accuracy requirements for
RRH systems are typically on the order of 10 ns,
however in multi-hop RRH networks where RRHs
are cascaded, delay measurement errors from each
hop are additive and higher precision may be
required. National’s SCAN25100 guarantees T14
and Topgspr accuracy to better than + 800 ps while
Tser, Tdes, Tinour> and Toyrn are accurate to
better than + 1.2 ns, allowing reliable and precise
control over basestation system timing. All delay
measurements are performed transparently (the
data stream is not interrupted) on request as often
as every 5 ms, letting the system track delay
changes over the life of the system.

& Sorbies SCAN ntegtity Tool - v1 08 =8
fvalabie Devcer Stama Setwgn OO ST Prou Reguten  Soping Abos
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Figure 5. SCAN25100 Evaluation Software Showing Delay
Calibration Measurement Results



Measuring Light

Traditional basestation delays were typically cali-
brated using special test equipment and were not
expected to change significantly over time.
Distributed RRH networks, however, cover a wide
area and BTS-RRH fiber interconnect delays may
change significantly over temperature. For example,
a temperature swing from -40° to +40°C on 15 km
single mode fiber can result in a =37 ns delay shift
(Figure 6). This is probably enough to violate

basestation timing requirements after just one hop.

Fiber Delay Variation

31 ps/°C/km

Temperature Range

x | 80°C (-40 to +40°C)

Fiber Length

X 15 km

37.2 ns

Total Delay Change

Figure 6. Single Mode Fiber Propagation Delay Change
Due to 80°C Temperature Shift

The delay measurement resolution or granularity
of the SCAN25100 is 200 ps delay, enabling it to
track small delay variations in RRH fiber links over
temperature. To prove this, National conducted an
experiment by placing a one kilometer spool of
single mode fiber into a well-insulated box while

slowly increasing the temperature from about 20°C
to 45°C using a SCAN25100 to monitor fiber
delay. Experiment results consistently demonstrated
a 31 ps/°C/km coefficient (Figure 7) which
closely agrees with investigations published by
particle accelerator physicists.

Conclusion

SCAN25100 automatic synchronization and
precision delay calibration ease the design of
distributed remote radio basestation systems.
Having high delay calibration accuracy also
opens the door to new parallel approaches to
signal acquisition and processing. For example,
in basestations SCAN25100 precision delay
calibration measurement can enable wider remote
antenna placement via independent RRH links,
thereby increasing diversity. In the future, system
designers may even coordinate clusters of
multi-element antennas to reduce interference
while increasing coverage and capacity. The
SCAN25100 couldalso be employed similarly in
non-basestation applications to match phase and
frequency across multiple parallel signal acquisition
or signal processing paths.

Fiber Delay versus Temperature

50 ‘ Thermal
o J St NENCI | | Stream
N |

S x

. | i
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- ETE S S et
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Total delay includes room temp opto modules

Figure 7. Experiment results: Using the SCAN25100 to track fiber delay changes over temperature.
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Design Tools

WEBENCH® Signal Path Designer® Tools

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

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

WaveVision 4.0 Evaluation Board

Test and evaluate A/D converters with National’s easy-to use
WaveVision 4.0 evaluation board. Each evaluation board comes
complete with USB cable and support software.

Features and benefits:

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

 PC-based data capture

e Easy data capture and evaluation
¢ Highlighted harmonic and SFDR frequencies
* Easy waveform examination

¢ Produces and displays FFT plots

* Dynamic performance parameter readout with FFT
* Produces and displays histograms
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INNOVATIONS & INNOVATORS

EDITED BY FRAN GRANVILLE
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Waveform-viewer software works
with four suppliers’ DSOs

any signal-integrity
experts whomeasure
jitter and other phe-

nomena through scope-based
measurements recognize the
name Amherst Systems As-
sociates (ASA), though the
name is hardly a household
word to other EEs. The com-
pany has, for many years, mar-
keted the M1 package (now
at revision level V4), which
operates on data that scopes
from the four major high-per-
formance-scope  manufac-
turers gather. Those manu-
facturers are Agilent (www.
agilentcom), LeCroy (www.

LeCroy_Differential.bin
sl ‘J“ i

1=l
=
o
il
&l

lecroy.com), Tektronix (www.
tektronix.com), and Yokogawa
(www.yokogawa.com). Some
of these manufacturers offer
M1 in addition to their own
measurement packages, and
some signal-integrity experts
regard the package as the
impartial arbiter when scopes
from different manufacturers
and sometimes even different
models from the same manu-
facturer disagree on values
they calculate from acquired
data sets.

Now, ASA is offering what it
calls the first low-cost viewer
that works with data acquired

The M1 Waveform Viewer allows you to load and simultaneously
display waveform records from multiple manufacturers’ high-per-

formance digital scopes.

from a long list of scopes—
both real- and equivalent-
time—from all four manufac-
turers. M1 WV (M1 Waveform
Viewer), whose list price is
$145, is currently available as
a free download from ASA's
Web site. ASA hopes that
those who download the view-
er will eventually purchase the
complete M1 package, but the
WV product functions fully as
a viewer that can save wave-
form data from multiple scope
models in a common format,
greatly simplifying comparing
data from different scopes.
In addition, ASA neither lim-
its nor plans to limit how long
you can continue to use the
viewer.

Greg Wallz, product manag-
er at the company, points out
that, although all high-perfor-
mance scopes can save wave-
form records as text files, be-
cause of subtle differences in
the file formats, files from dif-
ferent scope models do not,
in general, successfully load
into different-model scopes.
Moreover, because waveform
records now usually encom-
pass data that you can view
satisfactorily only by scrolling
through many screens, screen
dumps in such standard
graphics formats as TIF and

OCTOBER 26, 2006 |

PNG, though interchangeable
among different scopes, do
not contain sufficient data for
most engineers’ comparison
and analysis purposes.

—by Dan Strassberg

Ambherst Systems As-

sociates, www.amherst-
systems.com.

@

Jon Titus, former EDN editor in
chief, EDN, Sept 1, 1988, pg 51.
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Two new suppliers broaden users’
handheld-DSO choices

lthough the list of
handheld-DSO/DMM
(digital-storage-oscil-

loscope/digital-multimeter)
manufacturers  includes at
least three companies, most
EEs are familiar with only
Fluke Corp (www.fluke.com),
whose ScopeMeter products
are so widely distributed that
many potential customers
think of them as the only
handheld scope/DMMs.

Now, Fluke and its compet-
itors have competition from
two more companies. Agilent
has introduced two handheld

scope/DMMs, and AEMC,
which scope and multimeter
manufacturers recognize as a
leading OEM supplier of cur-
rent probes and similar acces-
sories, has announced a prod-
uct that offers more channels
than do the Agilent unit and
some capabilities not pres-
ent in previously announced
handheld scope/DMMs.
Agilent's $1320 U1602A
offers two 20-MHz-band-

width-scope channels and a
true-rms-responding (on ac
measurements), 6000-count
DMM. The $16560 U1604As

two scope channels each
provide 40-MHz bandwidth.
On both units, the maximum
acquisition rate is 100M sam-
ples/sec with both channels
in use or 200M samples/
sec in interleaved mode. Both
units offer 8-bit scope resolu-
tion, a 320x240-pixel, 4.5-
in. color LCD, and the ability
to perform waveform math;
the U1604A also performs
FFTs  (fast-Fourier  trans-
forms). Both units ohmically
isolate the scope inputs from
the case and the ground ter-
minal but not from each other.

Unusual among handheld DSO/DMMs, the front panels of Agilent's attractively priced U1600A
series each sport a large rotary control (left). AEMC's OX 7104-CK provides four separately iso-
lated 100-MHz-bandwidth-scope channels and four DMM channels as well as FFT and harmonic

analyzers (right).

DILBERT By Scott Adams

1S IT DIFFICULT TO
TRANSITION FAOM
| LEADING TROOPS IN
COMBAT TO THE
CORPORATE LIFE?

www.dilbert.com scottadama@aolcom

9--06  ©2006 Scott Adams, Inc./Dist. by UFS. imc.

THE MAIN DIFFERENCE
IS THAT IT'S HARDER
TO GET GOOD INTEL.
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Many users will also applaud
the rotary front-panel control,
an unusual feature in hand-
held scopes.

AEMC's $3595 OX 7104-
CK provides four 100-MHz-
bandwdith-scope  channels,
each with 12-bit resolution
and each ohmically isolated
from the others, from the case,
and from ground. Maximum
sampling rate on each chan-
nel is 1G samples/sec in sin-
gle-shot mode and 25G sam-
ples/sec in equivalent-time
mode. Memory depth is 2.5k
samples/channel.  Although
handheld scopes have for
several years ohmically iso-
lated their inputs from the
case and ground, they have
not previously offered isola-
tion among the scope chan-
nels. Like the scope, the DMM
provides four channels. Each
is independent of the others
and offers true-rms-respond-
ing ac measurements with
50-kHz bandwidth and 8000-
count, or approximately 13-
bit, resolution.

The instrument also pro-
vides as standard features
an FFT analyzer, a harmonic
analyzer, and a data recorder
that can take DMM read-
ings as rapidly as every 800
wsec or, at lower sampling
rates, can record for as long
as a month. Although 12-bit
resolution is uncommon in
scopes—especially those with
320%x240-pixel, 5.7-in. back-
lit, color touchscreen LCDs—
the high ADC resolution com-
pared with that of 8-bit instru-
ments provides 24-dB better
FFT and harmonic-analyzer
dynamic range for voltage
measurements.

—by Dan Strassberg
AEMC, www.aemc.com.
Agilent Technologies,

www.agilent.com.



Fastest Cycling 24-Bit ADC

Sl s,
cycling » Applications
with — Industrial process control
lowest — Medical/patient monitoring
noise - Data acquisition

—Test and measurement

Cycling Speed (kSPS)

— Instrumentation

> Features
— 16-channel, 24-bit ADC
— Latency: 42puS
- Cycling data rate: 23.7kSPS

— Measure all 16 inputs in
only 675ps

ADS1258 Competitor A Competitor B

The ADS1258 16-channel, 24-bit ADC from Texas Instruments features the lowest

latency, fastest channel cycle rate and lowest noise of any competitive devices.
- Programmable digital filter

With a measurement latency of 42us, the ADS1258 can measure all of its 16 input by "

. . } . ) .8uVrms noise at
channels in less than 675us with only 12pVrms of input referred noise, offering 1.8kSPS data rate
unmatched performance for precision, multi-channel data acquisition applications. — Unipolar (+5V) or

bipolar (+2.5V) operation
— INL: 0.0010% (max)
Ve GPIO [7:0] - Offset drift: 0.1uV/°C
- Package: QFN-48
- Pricing: $7.95 in 1k units

Internal ADS1258

Monitoring

Programmable DRDY
. 16:1 / Digital SCLK
Analog ) : Analog Filter DIN
Inputs Input

Multiplexer o START

O O—O—O0—0
AVSS MUX  ADC Extclk
out IN IN/OUT

Evaluation Modules
Available Today

www.ti.com/ads1258 o 800.477.8924, ext. 13497

Technology for Innovators” {’} TEXAS INSTRUMENTS

© 2006 Tl

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1351A0
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Midrange device includes SERDES function

attice  Semiconductor
I_has announced a mid-

capacity, midpriced
FPGA that includes some
of the high-speed, high-end
functions you typically find
only in the most advanced
and priciest Xilinx (www.xilinx.
com) Virtex and Altera (www.
altera.com) Stratix FPGAs.
The company's new ECP2M
FPGA family adds high-speed
embedded SERDES (serial-
izer/deserializer) 1/0 plus a
pre-engineered PCS (physi-
cal-coding-sublayer)  block
to the company's midrange-
FPGA lineup.

Shakeel Peera, director of
strategic marketing for high-
performance-FPGA products
at Lattice, says that, over the
last few years, the high-end
telecommunications and stor-
age markets have been de-
manding SERDES  blocks.
FPGA vendors responded by
offering these blocks in their
high-end FPGAs. “‘Demand

for SERDES has expanded
beyond telecom and storage
markets,’ says Peera. “The in-
dustrial, automotive, broad-
band-access, and consumer-
electronics markets are also
interested in FPGA technol-
ogy. High performance is now
the domain of not only the
low-volume, high-end FPGA
market, but also the high-vol-
ume, medium-density market”
However, Xilinx's and Altera’s
low-cost, high-volume FPGAs,
Spartan and Cyclone, respec-
tively, lack SERDES func-
tions. “The big guys haven't
put these functions into their
midrange devices because
they are worried about canni-
balizing their high-end devic-
es,’ says Peera.

Now, with the ECP2M
FPGA family, Lattice offers
four to 16 channels of 3.125-
Gbps SERDES in a quad-
based architecture rang-
ing from one quad to four
quads, with each quad includ-

v High per-

formance is
now the domain
of not only the
low-volume,
high-end FPGA
market, but also
the high-volume,
medium-density
market.,

ing four SERDES channels.
The device also includes PCS
with  8b/10b encoding, an
Ethernet-link state machine,
and rate-matching circuitry.
This SERDES/PCS combina-
tion suits the device for PCI
Express; Gigabit Ethernet;
Serial RapidlO; and wireless-
interface standards, such as
OBSAI and CPRI. “Because
we added the high-speed
170, we also increased the on-
chip RAM by five to six times
over the previous parts in the

ECP2 family,’ says Peera.

The new Lattice ECP2M
family includes five devices
ranging in density from
20,000 to 95,000 look-up
tables. The devices will fea-
ture 24 to 168 18X18-bit
multipliers, two DLLs (delay-
locked loops), and eight PLLs
(phase-locked loops) for tim-
ing control. Lattice offers the
devices in fine-pitch BGA
packages with 144 to 601
I/0 pins. The devices oper-
ate from 1.2V power supplies.
Lattice’s first product in the
family, the ECP2M-35, costs
$22.95 (100,000) and will be
available in 2007, Stan Kopec,
vice president of marketing,
claims that the price is roughly
one-third that of the compe-
tition's products and that the

part will address approxi-
mately 80% of SERDES
applications.

—by Michael Santarini
Lattice Semiconductor,
www.latticesemi.com.
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Flexible switch has 48 lanes

witches are key components of
Ssystems based on the emerg-

ing PCle (PCI Express) standard.
The more capable the switch, the more
design flexibility that developers enjoy.
PLX Technology has now introduced
one of the most flexible PCle switches
currently available, the PEX 8548. This
device offers 48 PCle lanes that design-
ers can allocate across as many as nine
ports in a variety of configurations.

The PEX 8548 targets high-perfor-
mance graphics and PCle fan-out appli-
cations, but the switch'’s flexibility makes
it suitable for a variety of designs. The
device has a nonblocking switch archi-
tecture, enabling it to offer peer-to-peer
transfers that can operate in parallel with
other transfers through the switch. Cut-
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PEX 8548

Designers can use the PEX 8548 switch
in a variety of configurations. It offers 48
PCI Express lanes that designers can allo-
cate across as many as nine ports.

through latency is less than 110 nsec.
The nine ports are configurable, allowing

users to allocate the 48 available lanes
as one, two, four, eight, or 16 ports. Thus,
for graphics applications, the device can
offer three 16-lane ports. As a fan-out
switch, it can offer six eight-lane ports,
four four-lane ports, four eight-lane ports,
or many other combinations.

The device complies with PCle 1.1,
and three of its ports support hot-plug
operation. It offers a JTAG interface for
test and I1°C for out-of-band control. An
EEPROM for power-up configuration is
available as an option. The device costs
$65 (high volumes), will be available for
sampling in the fourth quarter, and should
be in full production in early 2007.

—by Richard A Quinnell
PLX Technology, www.plxtech.com.



» Single SPDT analog
switch with input logic
translation and IEC ESD
(TS5A6542)

—+/- 15kV IEC 61000-4-2 Contact
Discharge ESD protection (common pin)

— Low ON-state resistance (0.75Q max)
— Excellent ON-state resistance matching

— Break-before-make switching

» Single 0.9-Q SPDT
analog switch
(TS5A3159A)

— 100-MHz bandwidth — highest of any
3159-type in the industry

— Ultra-small wafer chip scale packaging

— Wide low-voltage operating range:
1.65Vt055V

— Break-before-make switching

» Single, 0.9-Q SP3T
analog switch
(TS5A3359)

— Space-saving integration eliminates
the need for using serial connected
SPDT analog switches

— Isolation in the powered down mode
(V+=10V)

—1.65-V to 5.5-V single-supply operation
(Control Inputs are 5.5 V tolerant)

— Break-before-make switching

ANALOG SWITCHES

Analog Switches from
Texas Instruments

fon fon ON
Flatness | Mismatch | Vv, v, Time

Q) (9] (V) v) (ns) .
Device (max) (min) | (max) | (max) Pins/Packages
SPST
TS5A3166 09 0.15 — 1.65 515 7 115 5/SC70, SOT-23, WCSP
TS5A3167 09 015 — 1.65 55 7 115 5/8C70, SOT-23, WCSP
TS5A4594 8 15 — 21 551 1 14 5/SC70, SOT-23
TS5A4595 8 15 — 21 551 1 14 5/SC70, SOT-23
TS5A4596 8 15 — 27 55 17 14 5/SC70, SOT-23
TS5A4597 8 15 — 21 55 17 14 5/SC70, SOT-23
TSHA1066 10 5 — 1.65 55 5.5 45 5/SC70, SOT-23, WCSP
TSHA23166 09 025 0.1 1.65 ih 15 11 8/US8, WCSP
TSHA23167 09 0.25 01 1.65 55 15 n 8/US8, WCSP
TS3A4TM 09 04 0.05 1.65 36 14 9 8/SSOP, MSOP
TS5A2066 10 5 1 1.65 55 58 36 8/SM8, US8, WCSP
TS3A4751 0.9 04 0.05 1.65 3.6 14 9 14/TSSOP
TS5A6542 0.75 0.25 0.25 2.25 55 25 2 8/WCSP
TSHA4624 09 025 0.1 1.65 516 2 8 6/SC70
TSHA3153 09 0.15 0.1 1.65 55 16 15 8/US8, WCSP
TSHA3154 09 0.15 0.1 1.65 55 8 125 8/US8, WCSP
TS5A3159A 09 025 0.1 1.65 516 30 2 6/SC70, SOT-23, WCSP
TS5A3159 11 0.15 0.1 1.65 515 35 2 6/SC70, SOT-23
TS5A3160 09 0.25 0.1 1.65 55 6 13 6/SC70, SOT-23
TSHA3157 10 5 02 1.65 55 85 6.5 6/SC70, SOT-23, WCSP
TS5A63157 10 2 0.14 1.65 1B 5 34 6/SC70, SOT-23
TS5A2053 138 45 45 1.65 55 6.8 41 8/SM8, US8
TS5A23159 09 0.25 0.1 1.65 ib) 13 8 10/MSQP, QFN
TSHA23160 09 025 0.1 1.65 55 55 10 10/MSOP
TS5A23157 10 dtyp)  0.15(typ) 165 55 57 38 10/MSOP

SPDT x 4

TS3A5018 10 7 08 165 36 8 6.5 16/SOIC, SSOP (QSOP), TSSOP, TVSOP.QFN
SP3T

TS5A3359 09 0.25 0.1 165 55 2 105 8/US8

TS5A3357 15 6.5(typ)  0.1(typ) 165 55 6.5 37 8/SM8, US8

SP4T x 2

TS3A5017 12 9 2 23 36 95 35 16/S0IC, SSOP (QSOP), TSSOP, TVSOP, QFN
*Data measured under typical conditions with maximum V. New Products are listed in bold red.

Data collected as of 7/06

Technology for Innovators™ {'} TEXAS INSTRUMENTS

Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1637A0 ©2006TI

NEW!

Analog Switch
Selection Guide
Datasheets and

Samples
5-ball/6-ball WCSP (YZP) 10-pin QFN (RSE)
Ball pitch = 0.020 mm (0.50 mm) Lead pitch = 0.020 mm (0.50 mm)
Height = 0.020 mm (0.50 mm) Height = 0.039 mm (0.60 mm) www.ti.com/switches1

Area = 0.002 mm (1.26 mm) Area = 0.005 mm (3.18 mm)
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DSOs find and display anomalous waveforms
before you can explain why they are unusual

ne of the most frus-
trating aspects of
using a digital scope

to diagnose intermittent mal-
functions in a UUT (unit un-
der test) is that, to get the
scope to display the anoma-
lous waveforms, you generally
must describe to it what is un-
usual about those waveforms.
However, until you can see the
anomalies, you can't describe
them. Is the problem a runt
pulse, a slow or misplaced
edge, a unit interval of slightly
incorrect length? You don't
know, and, because a quick
glance at a large group of
waveforms may reveal noth-
ing unusual, even scopes that
let you use normal waveforms
to create a trigger mask often
fail to provide the needed in-
sights.

2Gh2 Oscilloscope

Many EEs are likely to char-
acterize the WaveScan feature
of LeCroy's WaveSurfer and
WaveRunner series of large
screen, small-footprint (6-in.-
deep) digital oscilloscopes
as the ultimate scope-based
troubleshooting aid, based on
the degree of automation the
feature brings to the identifi-
cation of elusive malfunctions.
WaveScan-equipped scopes
can determine which anoma-
lies are significant and then
find the few that exist among
thousands of nearly identi-
cal signals. The company has
made the feature standard on
all members of the two scope
families, whose bandwidth,
with the addition of new mod-
els, now extends to 2 GHz
(WaveRunner) and 1 GHz
(WaveSurfer).

[ St .

Despite its small package, the WaveRunner 204Xi 2-GHz-band-
width digital scope incorporates the WaveScan feature, which
can find elusive waveform anomalies without your even having to

know what they look like.
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Susan Rabinovitz, EDN staff assistant, EDN, Oct 14, 1981, pg 293.

WaveScan finds aberrant
waveforms without your hav-
ing to tell it—or even know—
what unusual signal charac-
teristics to look for. It then
displays only the atypical
signals. Moreover, it can do
so either in real time—as
waveforms arrive—or retro-
spectively on previously cap-
tured signals. Hence, in a
UUT that fails intermittently,
WaveScan can unearth the
associated anomalous wave-
forms and provide statistical
analyses of their salient pa-
rameters without your hav-
ing to figure out what condi-
tions to use as criteria.

The tool accomplishes this
feat by measuring multiple
parameters of each wave-
form, finding the norm for
each characteristic, and de-
termining—based on your es-
timate of how far out on the
tails of the probability distri-
bution the interesting wave-
forms  lie—whether each
waveform’s measured val-
ues constitute an abnormal
set. However, if you want to
tell WaveScan what anoma-
lous characteristics to look
for, the tool lets you specify
them in exquisite detail. As
Director of Product Manage-
ment Mike Lauterbach, PhD,
points out, scope users have

been clamoring for such a
capability for years.

In the WaveRunner line, the
new models are the $22,250,
2-GHz-bandwidth 204Xi and
the $16,250, 1-GHz 104Xi.
Both acquire 5G samples/
sec on four channels simul-
taneously and 10G sam-
ples/sec on two channels.
In the WaveSurfer line, the
new model is the $12,890,
1-GHz 104Xs. This unit ac-
quires 2.5G samples/sec on
four channels simultaneously
and 5G samples/sec on two
channels.

LeCroy has also announced
a new series of small, low-
cost, high-impedance scope
probes with bandwidths of
1.5 GHz and 900 MHz for
$1190 and $490, respec-
tively. Input impedance is 1
MQ in parallel with 0.9 pF.
The 1.5-GHz probes allow
the use of 1-GHz-bandwidth
scopes at full bandwidth; the
900-MHz units allow use of
600-MHz scopes at full band-
width. The ZS probe family in-
cludes a large group of tips
and ground-lead accessories
for accessing hard-to-reach
signals with minimum degra-
dation at high frequencies.

—by Dan Strassberg

LeCroy Corp, www.

lecroy.com.



SSM2302° AUDIO AMP

Amplifier pricing where you want it,
performance where you need it, analog is everywhere.

analog is everywhere:

s ‘

ADS613: OP AMP
38pA L., 220V/{Hz
. $0.29

Analog Devices amplifiers deliver performance
where it matters—at market-leading prices

When it comes to high volume designs, most amplifiers force you to
settle for less-than-ideal performance in order to meet size, cost, or
power constraints. Not amplifiers from Analog Devices. We continu-

ously innovate to give designers the best combination of performance,
functionality, price, power consumption, and support.

For example: need a precision op amp that combines low power, low
input voltage, and low current noise? Then look at the AD8613 for
just $0.29. Or maybe you need a Class D audio amp that delivers
1.4 W. Try the SSM2302 for only $0.39.

Visit our website to learn why more designers choose ADI to meet
their needs: smart performance, smart value, smart decision.

ANALOG
www.analog.com/valueamps DEVICES
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|C tool ensures proper
heat dissipation

dor Apache Design Solu-

tions has introduced a stat-
ic-thermal-analysis tool for
locating potential heat prob-
lems in ICs. Until now, only
one other company—Gradi-
ent Design Automation (www.
gradient-da.com)—offered
on-chip thermal-analysis soft-
ware. According to Apache’s
president and chief executive
officer, Andrew Yang, the new
Sahara-PTE (power-thermal-
electrical) tool, ties closely to
Apache’'s RedHawk power-
analysis and PsiWinder elec-
trical-analysis tools because
thermal analysis directly re-
lates to power and affects
timing. Timing, in turn, impacts
power, which affects thermal
integrity.

Yang says that, starting at
the 65-nm node, designers
must monitor heat generation
by monitoring switching and
leakage power, and they must

| C-power-analysis-tool ven-

() FEEDBACK LOOP

“Perhaps you
haven’t heard
about BEST
(boasting engi-
neering, science,
and technology).
... Approximately
650 high-school
and middle-
school teams will
compete, involv-
ing about 6500
students in the
engineering
process.”

Michael Blazer, in EDN's
Feedback Loop at www.edn.

com/article/CA6363908. Add
your comments.

analyze parts of the IC and the
package to ensure that heat
dissipates properly from paths
through the substrate, to the
package, the heat sink, and
even the metal layers. The pri-
ority, however, is to ensure that
heat and leakage don't esca-
late into a thermal runaway. “At
65 nm, thermal-analysis tools
are nice to have, but, at 45 nm,
they become mandatory; says
Yang, who notes that the first
thermal-integrity tools are sta-
tic, but future thermal tools
will need to become dynamic
to more accurately analyze
thermal integrity in multiple
modes and in multiple ambi-
ent conditions.

To analyze thermal integrity,
Apache outlines two flows for
Sahara. In the PT (power-ther-
mal) loop, users analyze tem-
perature and power across
the chip for a given period
of clock cycles. This analysis
runs with Apache’s RedHawk
and Sahara-PTE. It pro-
vides users with a condition
in which the design achieves
equilibrium over several clock
cycles for both power and
temperature. During the ana-
lysis, if heat and leakage con-
tinue to rise for each iteration
and clock cycle, the design
may be reaching thermal run-
away, so users must shift
around some functions or find
a way to dissipate heat or cool
the device.

The PsiWinder flow elec-
trically analyzes the PT loop,
creating the PTE loop. In this
flow, users analyze the tem-
perature-dependent  resis-
tances of the devices. The
PTE flow helps to monitor
changes in current density
and interconnect self-heating,
both of which can impact volt-

ULTRATHIN HEAT SPREADER
USES FLUID CORETO COOL
PROCESSORS, DISPLAYS

Power-hungry components, such as graphics processors
and LED displays, currently use a combination of heat
spreaders, pipes, and fans to dissipate heat. However,
fans introduce reliability concerns, and pipes are bulky.
The Microspreader, a new heat spreader from Celsia, uses
ultrathin chambers of fluid divided by a 1.44-mm-thick va-
porization zone and boasts a thermal conductivity of more
than 5000W/mK, compared with 386W/mK for copper or
205W/mK for aluminum—two common heat-spreader
materials. As an example of the price performance of
the Microspreader, George Meyers, Celsia’s vice presi-
dent of sales, claims that a similarly priced, smaller,
lighter, and more reliable Microspreader could replace a
$4 fan assembly in a PC.—by Margery Conner

Celsia Technologies, www.celsiatechnologies.com.

UPPER CASE

FLUID CHA

=

LOWER CASE

Microspreader technology uses ultrathin chambers of fluid
divided by a vaporization zone (a) to create a heat spreader
with much higher thermal conductivity than conventional
spreaders based on copper or aluminum (b).

age drop, timing, and power
and can contribute to or
cause electromigration. Both
the PT and PTE flows require
Apache’s library-characteriza-
tion technology.

PTE-flow inputs include
a cell library, LEF (library-
exchange format), DEF (data-
exchange format), GDSII
(Graphic Design System 1),
an electrical-package model,
and a thermal model of the
package. If the package is
custom or is yet undeter-

mined, users can provide
Sahara with a boundary tem-
perature. You can use Sahara-
PTE as a stand-alone device
with third-party-supplied pow-
er and electrical tools, but it
works better when running
all Apache tools, according
to Yang. A one-year subscrip-
tion for Sahara-PTE has a list
price of $160,000.

—by Michael Santarini
~Apache Design Auto-
mation, www.apache-
da.com.
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A series of engineering insights
by Analog Devices.

Single-Chip Clock Generator with 14-Channel Distribution
Solves Timing Challenges in Networks

Global demand for communication services continues to rise, and
manufacturers must constantly reduce the size and cost of newly
installed network equipment, while holding to high standards of
service and quality. Part of building a robust network is managing
clocks. Clock and timing requirements range from system-level
synchronization of wired and wireless network hubs, to local

Therefore, the complete clock path has twice the jitter of
individual components.

Now compare this to a solution where all critical timing functions
are integrated into a single device—a complete phase-locked
loop (PLL), including the voltage controlled oscillator (VCO)
for frequency multiplication, five channel dividers with built-in

signal distribution inside high density

phase offset capability, and clock output

transceiver cabinets. To meet this wide
array of design challenges, companies
employ signal integrity experts to
interpret specifications, oversee testing,
and recommend components guaranteed
to maintain clean, low jitter clocks
throughout the network.

Ask any signal integrity expert about time
jitter, and he/she is likely to outline
the challenges posed by distributed
components, which one-by-one, eat into
the system’s total jitter budget. Time
jitter on clocks is a measure of edge
uncertainty. All systems can tolerate
some amount of clock edge uncertainty.
But when clock edges occur at
increasingly random times, the system
begins to break down. Missing one clock
cycle may result in transmitters and
receivers getting out of sync.

DIVIDER

DIVIDER

AD9516

drivers offering the choice of LVPECL,
LVDS, or CMOS levels. With the integrated
approach, total clock path jitter may be
controlled to well below 1 ps rms.

Analog Devices’ AD9516, integrated
2.8 GHz clock generator with 14-channel
distribution, enables network designers to
generate 14 clean, low jitter clocks from
a single chip. In addition, the AD9516
offers low time skew between its six
LVPECL outputs. This capability means that
designers are assured that all six clock
edges occur within a well-defined time
window. The LVDS/CMOS channels include
programmable delay lines which may be
used to compensate for delays in other
parts of the system. Two inputs—A and
B—feature automatic switchover, providing
protection in the event of reference
clock failure. Finally, because standalone

6 LVPECL OUTPUTS

4/8 LVDS/CMOS OUTPUTS

When time jitter limits a system’s overall
signal-to-noise ratio or bit error rate, data
may be lost. In a mobile network, this can

Integrated timing functions in a single 9 mm X 9 mm,
64-lead LFCSP control jitter to below 1 ps rms

oscillators are one of the most likely
components to fail in a network, the
AD9516 improves overall system reliability

lead to reduced call quality, or even dropped calls.

Consider a system that requires four clock functions in series:
frequency multiplication, frequency division, phase offset,
and level translation. If each function is performed by
a separate component, the time jitter of each device must be
mathematically combined to calculate the total clock path jitter.
Four cascaded components, each with a jitter specification
of 1.5 picoseconds (ps) rms, yield a total jitter of 3 ps rms
(note: the square root of the sum of squares approach applies).

by integrating the VCO on-chip.

Analog Devices offers a wide range of clock and timing
solutions that enable signal integrity engineers to maintain
performance while reducing the size and cost of new equipment.
For data sheets, free samples, and more information, visit
www.analog.com/clock-timing-AD9576.13

Author Profile: Scott Behrharst is marketing and applications manager for
Analog Devices’ Clock and Signal Synthesis product line.



poulse

LONG
WAVE/
MEDIUM  SHORT LOCAL-
WAVE WAVE OSCILLATOR THREE. O CLK
o GENERATION REE
T O DATA
SERIAL
0 PORT O ENABLE
@ 90
76-T0 108-
MHz Q
VHF
- I-CHANNEL
170- TO 240- " OUTPUT
MHz
BAND Iil .~ AUTOMATIC-GAIN-
0 .. CONTROL AMPLIFIERS
470- TO 960- =\
MHz O-C_)FF;‘AI_\II_NEL
BAND IV/V " > ouTPU
1480- TO 1670- RECONFIGURABLE
MHz IF/BASEBAND
L-BAND lll sl

GLOBAL DESIGNER

Single-chip receiver for mobiles
handles TV and radio

tart-up Mirics Semi-

conductor  describes

its new MS1001 RF-
tuner IC as a “polyband” de-
vice for mobile digital-broad-
cast reception. Although sev-
eral companies have recently
made announcements that
focus on the mobile-TV sec-
tor, Mirics says that its chip
has much wider applicability,
covering multiple broadcast
standards. The chip covers
broadcast bands ranging from
100 kHz to 1.9 GHz.

The primary target market
is the mobile phone. The com-
pany forecasts that, by 2009,
some 20% of all phones will
have mobile TV, but a much
higher proportion will have
radio capability, and the frac-
tion that does have TV will
encompass numerous stan-
dards. Mirics aims to provide
the receiver function for TV
and radio at the same cost
and power level as FM radio
alone. All the chip's signal
processing is analog, and the
chip reconfigures and recon-
nects its on-chip functional
blocks in response to exter-
nal commands, depending

on the band and signal type.
This reconfiguration extends
to the basic architecture of
the receiver function. In some
cases, the receiver uses a

direct-conversion, zero-IF lay-
out; in others, it uses a con-
ventional heterodyne archi-
tecture. The MS1001 has five
RF inputs with individual on-

The MS1001 RF-tuner IC cov-
ers multiple broadcast stan-
dards at 100 kHz to 1.9 GHz.

chip low-noise amplifiers. It
yields quadrature output sig-
nals, and you use a three-wire
serial digital port to control the
device's configuration, which
you can change dynamically.
As well as providing a single
receiver chip for all bands,
Mirics asserts that its prod-
uct is the cheapest and low-
est power device available, at
$3.560 (10,000). Mirics aims
to further reduce the cost to
make the device competitive
with chips that provide the FM
function alone and to exploit
mixed-signal  capability to
add a flexible on-chip digital
demodulation capability.

—by Graham Prophet

EDN Europe

~Mirics Semiconductor,
www.mirics.com.

ENTERPRISE NETWORKS TOUT 10-GBPS SPEED

Systimax Solutions is building upon its proprietary network-analysis tools and tech-
niques to create reliable and high-performance structured cabling. The company
recently introduced the 10-Gbps GigaSpeed X10D UTP (unshielded-twisted-pair) cop-
per cabling. The cabling has met the Cisco (www.cisco.com) Technology Developer
Program criteria for interoperability with Cisco Unified Communication products.
Using proprietary modal-decomposition-modeling, connector-field-pattern modeling,
and cable-twist-accuracy technologies, GigaSpeed X10D minimizes alien crosstalk-an
impairment to 10-Gbps Ethernet’s adoption. Alien crosstalk is the undesired coupling
noise between adjacent cables and connectors. Failure to minimize this crosstalk
results in inferior transmission performance and insufficient bandwidth to ensure reli-
able 10-Gbps performance.

“For a 10-Gbps UTP to both comply with industry standards and operate in today’s
sophisticated enterprise networks, it must satisfactorily address the issue of alien
crosstalk)’ says David Haley, industry consultant for market researcher Acuity (www.
acuity-mi.com). “If you don’t eliminate a significant amount of this crosstalk within the
design of the cabling channel, you don’t have a 10-Gbps technology. Because of its
strong engineering and testing, Systimax Solutions’ technology addresses the current
and future needs of the enterprise network, which is a key characteristic of companies
involved in the Cisco Technology Developer Program?”’

“Cisco supports open, standards-based architectures and shares a commitment to
interoperable systems with Systimax Solutions,” says Cherie Reed, manager of the
Cisco Technology Developer Program. “Through this vision, the program delivers the
power of choice to enterprises or service providers—-the ability to extend the Cisco end-
to-end architecture with our participants’ solid products and technologies”’

—by Vinod Kataria, EDN Asia

Systimax Solutions, www.systimax.com.
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HP’s Paul Tuttle:
the man in the moon

fter a stint in the Air Force, Paul Tuttle started his
career in 1966 with Filtron, which provided RFI test-
ing on everything from Caterpillar tractors to NASA
space hardware. That's how his name ended up on
the moon, engraved on pieces of Surveyor 3. After leaving
Filtron, he worked at RCA as a technician. When the reces-
sion of the 1970s hit, engineers were taking jobs as techni-
cians, so he went to college to further his education under the
Gl bill. Before he could get his degree, a tiny company called
AutoWeigh hired him. He then moved to Smith Kline Medical
Systems and, later, Ekoline Instruments, which led to his long

career at Hewlett-Packard.

When did you go to work
for HP?

| guess 1973 is when

| officially started with
Hewlett-Packard.  Interest-
ing that | applied for a job at
Hewlett-Packard in 1972 or
1973 but didn't get the job, so
later HP had to buy my com-
pany to get me aboard.

You were there 28 years.
I understand your father
was an early employee?
Yes, he was one of the
first 700 employees of
Hewlett-Packard, a pioneer
of sorts; he started in 1948
and retired after 35 years. We
overlapped by a year or so.

Is your father’s involve-
ment in HP what brought
you to the company?

In a way, | guess. | used

to go to the company
picnics at Adobe Creek Lodge
when Dave [Packard] and Bill
[Hewlett] cooked the ham-
burgers. | think | always knew
that Hewlett-Packard was a
good company; | just didn't

| OCTOBER 26, 2006

know it was a great company
until much later.

Toward the end of your ca-
reer,you were atthe HP au-
tomotive-systems division.
What happened then?

The  automotive-divi-

sion management team
made some strategic deci-
sions that didnt work out
well; business in the automo-
tive group dropped dramati-
cally, and, like any other busi-
ness, it closed. | took a new
position at a recent acqui-
sition, VeriFone, and moved
on. A couple of years later
and with new Hewlett-Pack-
ard leadership, management
deemed VeriFone as a non-
strategic move and spun it
off. Having met the criteria
for retirement—55 and with
more than 15 years of ser-
vice—| decided to stay with
VeriFone and instantly retired
from HP. | stayed with Veri-
Fone for another year before
our engineering team was
dissolved, and | finally got the
message and retired.

Did you know any of the
HP executives?
Yes, and they were pro-
fessional, friendly, and
approachable. The “‘HP Way”
was still in effect then.

Was the HP Way real?
Absolutely, and the
company adhered to

it almost religiously. Basical-

ly, the HP Way was nothing
more than having respect for

fellow employees and being a

good corporate citizen.

Was Carly [Fiorinal good
for HP?
No, she was and is a
marketer—not  some-
thing Hewlett-Packard need-
ed in such a high-manage-
ment position.

Would you have split off
Agilent?

No, the core business of

Hewlett-Packard  was
test equipment. That's now
Agilent's business. The com-
plementary services between
the two companies could only
make a bigger Hewlett-Pack-
ard stronger. | also didn't like
Agilent's selling off the medi-
cal arm of the company, which
Hewlett and Packard them-
selves considered a crown jew-
el of the old Hewlett-Packard.

Would you have bought
Compaq?
No, and | actively fought
against it.

What do you think the fu-
ture holds for HP and Ag-
ilent?

Hewlett-Packard is in

good hands now. Mark
Hurd is the right man for the
chief-executive-officer  job.
The results are already show-
ing in the bottom line of the
quarterly reports. Plus, the
employees are more at ease,

and productivity is up. Agilent
is still an open question. With
the recent consolidation of
headquarters and the Agilent
Labs into the Santa Clara site
and the paring off of marginal
operations, Agilent is getting
tighter and tougher. Perhaps
that's a good thing. | still own
stock in both of them.

Is the HP Way dead?

It pretty much was un-

der Fiorina’s leader-
ship, but Hurd has seemingly
brought it back to life. He has
problems with MBWA [man-
agement by walking around],
but he is a very nice, ap-
proachable young man with a
self-deprecating sense of hu-
mor. That filters down to low-
er levels of management and
that comfortable feeling nour-
ishes others. When you're
comfortable in your job, you
show more respect for fel-
low employees; that's a basic
function of the HP Way.

HP used to always top
the list as a great place to
work. What’s happened?
| believe Hewlett-Pack-
ard will soon return to
the listings of a great place to
work. A major portion of the
requirements of what consti-
tutes a great place to work
comes from financial re-
sults. HP has recently been
poor in that area, but things
are getting better, and so will
Hewlett-Packard.
—Paul Rako
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A. Quite well, actually. Provided you
protect it from abuse.

| am, alas, too fond of good one-lin-
ers. When asked how precision analog
ICs age | usually answer "gracefully" or
"365 days per year". But although
these answers are true they are not
always very helpful.

Precision analog ICs are very stable
devices. Unlike wine they do not actu-
ally improve with age, but typically they
have long-term age-related changes of
around 1 ppm/thousand hours (the value
may be given on the data sheet). It is impor-
tant to realize that this aging is not cumula-
tive, it obeys a "drunkard's walk" law. If you
want the mathematics of a drunkard's walk
you should consult this reference1, but
essentially each consecutive step is in a ran-
dom direction. For a one-dimensional drunk-
ard's walk this means that the distance from
the origin is approximately proportionate to
the square root of the number of steps.

So if a device ages at 1 ppm/1000 hours it
ages at /2 ppm/2000 hours, etc. Since there
are 8766 hours in a year (on average, 8760 in
a normal year and 8784 in a leap year) 1
ppm/1000 hours = 2.96 ppm/year = 9.36
ppm/decade and 13.24 ppm/2 decades.

This does not vary much between devices
that are continually powered, in storage, or
have a reasonable range of ambient temper-
atures. Since this is a statistical process the
variation between devices will be as large as
the effect itself. High temperatures do accel-
erate the process, but not by very much, and
the characteristics vary with different process-
es. Unless your circuit is spending the majori-
ty of its time above 100°C it is not unreason-
able to expect aging to be close to the data
sheet rate.

The Long Term Stability of Precision Analog ICs,
or How to Age Gracefully and Avoid Sudden Death

Q. The life expectancy of my product is 20 years.
How well will its calibration survive?

However there is another mechanism that

causes ungraceful and abrupt changes of
accuracy, and may also increase the rate of
subsequent aging. That is electrostatic dam-
age (ESD). It is a popular superstition that
ESD is sudden death to an IC and that is
often true. A discharge can do a small
amount of damage which does not destroy
the device, but does affect its performance
(and may lead to sudden death later on).
Such damage is often one-off but it can be
cumulative—we once had a Finnish customer
who complained that one of our op-amps
got noisier with the passing years. Closer
investigation revealed that actually nothing
much had happened during the passing
Summers, but it had indeed got noisier
around the turn of each year, when the cold
dry air of a Finnish Winter encouraged much
more static electricity.

Adequate ESD protection is essential if an
IC is to age gracefully.

1 http://en.wikipedia.org/wiki/Random_walk

To learn more about
precision analog ICs,
Go to: http://rbi.ims.ca/4938-101

Rarely Asked Questions

Contributing Writer

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

Have a question
involving a
perplexing or
unusual analog
problem? Submit

your question to:

rag@reedbusiness.com
For Analog Devices'
Technical Support,
call 800-ANALOGD

SIPONSORED" BY

ANALOG
DEVICES

OCTOBER 26, 2006 |

37



BY BONNIE BAKER

BAKER'S BEST

Get more accuracy

from your DAC

ith a DAC, you calibrate by initially determin-
ing the code-to-voltage error at one-third of the
output range and again at two-thirds of the output
range. The range between one-third full-scale and
two-thirds full-scale avoids the output amplifier
errors near the power-supply rails. The calibration
of the offset and gain-error correction is a matter of simple algebra,

where Vg T:a+bVIN’ In this for-
mula, a is the offset error, and b is the
gain error. You can accomplish these
calibrations in the digital domain
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Figure 1 The INL (integral nonlinearity)
of a 16-bit string DAC can vary across
10s of codes (a). A correction step of
64 LSB (1024 of the 65,536 points)
reduces the INL error to less than +3
LSB (b).
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with the help of an ADC that is more
accurate than a DAC’s target speci-
fications. This calibration technique
is effective with offset and gain errors
greater than 2 LSBs (least significant
bits); however, the converter’s quan-
tization errors limit this approach.

A more challenging DAC-calibra-
tion activity is to adjust the linearity
of the converter’s entire output range.
Once again, you need an ADC that
has four times the resolution of the
DAC. The temptation is to calibrate
every code of the DAC. This strategy
may be acceptable for converters with
8, 10, 12, or 14 bits of resolution. This
environment has fewer DAC codes to
calibrate, the memory requirements
are lower, and the accuracy of the cal-
ibrating ADC is not as demanding,
allowing faster analog-to-digital con-
version. For DACs with resolution
of more than 14 bits, the total num-
ber of codes becomes unmanageable
for processors or processor memory.
Additionally, you need to use a slower
ADC with higher accuracy, such as
a delta-sigma converter. Higher cost
and lower speeds encourage you to
decide that linearizing every code
for higher bit DACs is not worth the
bother.

/

An effective alternative to linearizing
every DAC code is to select several small
groups of codes. The plot in Figure 1a
shows an example of the INL (integral
nonlinearity) of a 16-bit string DAC.
The 16-bit string DAC comprises a
string of 2'° resistors. The universal for-
mula for calculating any DAC-correc-
tion code is DACCOR=INLV+ ( INLV—
INLW)(V_X)/(V_W), where INL,, and
INL,,, are the INL errors of the v and w
code, and x is a code between codes v
and w. If (v—w) is equal to an integer
that is a power of two, you can imple-
ment the division with right shifts,
reducing the processor-calculation time
and complexity. The plot in Figure 1b
illustrates the benefit of this lineariza-
tion technique using 1024 code group-
ings with 64 codes per group.

This technique best suits DACs
that are monotonic and that have INL
error of more than *8 LSB. Addi-
tionally, you must exercise care when
selecting the size of the code sets. If
large, sudden jumps occur from one
code to the next, as may be the case
with R2R architectures, this tech-
nique may prove to be counterpro-
ductive rather than an improvement
of DAC performance. The string-
DAC topology best suits this calibra-
tion technique because it is inher-
ently monotonic (a requirement for
this technique), and jumps from one
code to the next are relatively small
compared with those of other DAC
topologies.EDN

REFERENCE

i Anderson, Russell, and Michael
Gurevich, “MSC1211/12 DAC INL
Improvement,” Application Report
SBAA112, Texas Instruments Inc,
March 2004, focus.ti.com/lit/an/
sbaal12/sbaal12.pdf.

Bonnie Baker is a senior applications
engineer at Texas Instruments and au-
thor of A Baker’s Dozen: Real Analog
Solutions for Digital Designers. You
can reach her at bonnie@ti.com.
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Visit www.edn.com/061026pry
for a more in-depth write-up on
D-Link’s DSM-604H.

Mini-NAS:
an unfinished masterpiece?

-Link’s (www.dlink.com) DSM-604H Central Home Drive

was, as its name implied, one of the first NAS (network- A 64-Mbit, 120-nsec, 3.3V Intel
attached-storage) devices that targeted home and SOHO 28F640 StrataFlash memory and
(small-office/home-office) users. Its compact chassis befit- two 3.3V, 128-Mbit, 133-MHz
ted D-Link’s stated long-term ambition to append the NAS Samsung (www.samsung.com)
function to a router. What'’s under the DSM-604H’s hood, and what SDRAMs constitute the semiconduc-
clues to D-Link’s possible future plans does it reveal? tor-memory subsystem. There's no
e EEPROM or battery-backed RAM;
™ perhaps one of the flash-memory

A 266-MHz Intel (www.intel.com) iXP420
network processor constitutes the brains of
the now-discontinued DSM-604H, which
D-Link introduced in September 2003. D-
Link's follow-on DSM-622 and -624 are
also obsolete, although D-Link still sells the
iXP420-based DSM-G600 NAS device. The
iXP420 has also found use in the 100d NAS
device from lomega (www.iomega.com) and
in the hacker-embraced NSLU2 Storage
Link from Linksys (www.linksys.com).

e blocks or a portion of the hard-disk
drive serves the nonvolatile-data-
memory function. Note the significant
percentage of board space D-Link
devoted to analog functions. The
backside of the system board con-
tains additional passive components,
along with traces, test points, and a
few small ICs.

The other important NAS-device-
memory feature is its magnetic rotat-
ing storage. The Central Home Drive
family came in 20- and 40-Gbyte vari-
ants, which the company implemented
using 2.5-in., 4200-rpm PATA (Parallel
Advanced Technology Attachment)
hard-disk drives (whose standoffs are
visible in the picture), thereby explain-
ing the unit's svelteness. An Acard
ATP865-A PCl-to-IDE controller con-
nects the hard-disk drive to the iXP420.
Because the ATP865-A handles two
PATA channels, each with primary and
secondary drive slots, D-Link conceiv-
ably could have developed a multidrive
Central Home Drive variant.

Note the prominent, unpopulated IC footprint next to the The Central Home Drive has sparse ornamentation;

IDE controller, along with the numerous test points scat- four front-panel LEDs alert the user to active power and
tered across both sides of the board. Did D-Link have device status, along with the presence of active LAN and
plans for this hardware design, beyond the initial DSM- hard-drive traffic. The back panel encompasses a 5V,
604H implementation? Was this board an initial-produc- 2.5A power plug; a 10/100-Mbit wired-Ethernet connec-
tion prototype that the company planned to reduce the tor; and a reset button. Micrel Semiconductor’s (www.
cost of in the future? Did D-Link take directly to pro- micrel.com) Kendin KS8721B PHY (physical-layer) chip
duction an Intel reference design? Or is there another implements the Ethernet interface with the MAC (media-
explanation for the hardware exorbitance? access-control) transceiver built into the iXP420.
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Using the ADS8361 with the MSP430 USI port

By Tom Hendrick ¢ Applications Engineer, Data Acquisition Products Fe

Introduction

The ADS8361 is a dual, 16-bit, 500-kSPS, analog-to-digital
converter (ADC) with four fully differential input channels
grouped into two pairs for high-speed, simultaneous signal
acquisition. Inputs to the sample-and-hold amplifiers are
fully differential and are maintained differentially to the
input of the ADC. This provides excellent common-mode
rejection of 80 dB at 50 kHz, which is important in high-noise
environments.

MSP430 devices such as the new MSP430F2013, which
contain a universal serial interface (USI), can be used in a
very simple and straightforward interface that requires no
glue logic and very little software overhead. There is no
need to shift or concatenate conversion results as was the
case in the simple 8-bit SPI interface of the older UART
port found in previous generations of the MSP430.

Hardware

ADS8361 EVM

The ADS8361 Evaluation Module (EVM) provides a platform
to demonstrate the functionality of the ADS8361 ADC with
various Tl DSPs and microcontrollers while allowing easy
access to all analog and digital signals for customized end-
user applications. (For more information on the EVM, see
Reference 1.)

eZ430-F2013 Development Tool

The eZ430-F2013 is a complete MSP430 development
tool including all the hardware and software necessary
to evaluate the MSP430F2013. The hardware is provided
in a convenient USB stick form factor. The eZ430-F2013
uses the Kickstart version of IAR Embedded Workbench
integrated development environment (IDE) to provide full
emulation with the option of designing a standalone system
or detaching the removable target board to integrate into an
existing design. This software is available for download at
www.ti.com/ez430 under TOOL SUPPORT. The code used in
these examples is available upon request.

Hardware interface

A simple three-wire interface is the minimum requirement
to connect the e2430-F2013 and the ADS8361EVM as shown
in Figure 1. The chip select (CS) pin is grounded because
only one ADC is placed on the port. If more than one device
is on the bus, then chip select should be controlled by any
available GPIO on the MSP430 device.

Featured in the latest on-line issue
e Using the ADS8361 with the MSP430
USI port
e TPS61059 powers white-light LED as
photoflash or movie light
e TPS65552A powers portable photoflash
e Single-chip bq2403x power-path manager

s et

charges battery while powering system

e Complete battery-pack design for one- or two-cell
portable applications

e Improved CAN network security with Tl's
SN65HVD1050 transceiver

e Download your copy now at www.ti.com/aaj

ADS8361

Figure 1. Hardware interface block diagram

Interface considerations

MSP430 USI settings

The USI module provides built-in hardware functionality to
support synchronous serial communication schemes.

USI control registers 0 and 1 (USICTLO and USICTL1) set up
the basic operation of the serial interface. The port is configured
in SPI master mode by setting bits 3, 5, 6, and 7 in USICTLO.
The USI counter interrupt is set in USICTL1 to provide an
efficient means of SPI communication with minimal software
overhead.

The serial clock polarity, source, and speed are controlled by
settings in the USI clock control register (USICKCTL). For the
purposes of this article, the polarity of the clock is set to zero
(dwells low), and the clock source is the SMCLK with a division
factor of one.

Bit clocking and shift register configuration are controlled in
the USI port by the bit settings in the USI bit count register




(USICNT). The USICNT register has 5 bits that provide up to
32 SCLK cycles per transfer. Setting the USICNT to 013
transmits 19 serial clocks from the MSP430 to the ADS8361
on each conversion cycle. Setting the USI16B bit in the USICNT
register causes the shift register to act as a 16-bit
transmit/receive buffer. Transmitted data is MSB-aligned
and commences with the first SCLK cycle.

Starting a conversion

With the MOSI output of the USI port connected to both the
RD and the CONVST inputs, the ADS8361 will begin to output
the conversion results (MSB first) on the fourth SCLK cycle.
Since the shift register holds the last 16 bits of received
data, the entire 16-bit conversion result is captured for
further processing. The timing diagram in Figure 2 shows
the entire process.

ADS8361 operating modes

The ADS8361 has four operational modes controlled by the
MO and M1 pins. The ADS8361EVM provides jumpers to
statically set the operating mode. Using GPIO output on the
MSP430 permits the operating mode to be controlled by the
microprocessor as well.

Two-channel simultaneous sampling

Selecting ADS8361 Mode | sends serial data on both output
channels A and B corresponding to A and B inputs. In
Modes | and Il, the A0 control input determines if data is
sampled from the A0/BO or A1/B1 input channels. When the
A0 control pin is low, the A0/BO input pairs are sampled and
when the A0 control pin is high, the A1/B1 input pairs are
sampled. The ADS8361EVM provides a jumper to statically
set the input pair via the A0 pin.

Since the eZ430-F2013 has only a single serial port, the
ADS8361 must be set to Mode Il to send A0/BO or A1/B1
conversion results through only the Serial Data A output
pins (see Figure 3).

ADS8361 channel ID bits

The serial output stream of the ADS8361 for all modes
except Mode | includes channel ID bits so the controller can
use software methods to decipher the received channel
information. In Mode Il, a single A/B ID bit is included in the
output data stream. In Mode lll, a single 1/0 ID bit is included
in both output data streams. Mode |V used both A/B and 0/1
ID bits since all four input conversions are output on one
data line.

Four-channel sampling

Modes Ill and IV allow the user to realize four-channel
operation of the ADS8361 without using the A0 control pin.
Mode Il provides data from the Serial Data A and B outputs.
Mode IV sequentially sends all four conversion results with ID
bits via the Serial Data A output. What becomes problematic
in this mode when used with the e2430-F2013 is that the ID
bits are essentially lost in the shift register. It is possible to
recover these bits via software, but this increases software
overhead and adds unnecessary complexity.

When operating in four-channel sequential mode, the
ADS8361 can be initialized in such a way that channel
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Figure 3. Complete two-channel conversion cycle

integrity can be maintained without the need to decipher
the ID bits at all. This requires a simple software loop at
the start of the program that sets A0, M0, and M1 to zero.
A single conversion is performed to ensure that the ADC is
converting inputs A0 and BO. MO and M1 can then be
brought high, which starts sequential conversion of the
input channels, starting with A0, BO, A1, and finally B1.

Conclusion

Using the high-performance ADS8361 with the USI port
of MSP430 processors brings a new level of flexibility to
MSP430 applications that require multichannel, simultaneous
data acquisition.

References:

1. ADS7861/8361 EVM User's Guide (slau094)
2. ADS8361 Datasheet (sbas230)

3. MSP430x2xx Family User’s Guide (slau144)
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DANIEL VASCONCELLOS

TALES FROM THE CUBE BY BILLY SEVEL * FAIRCHILD SEMICONDUCTOR

Serendipity saves the day

ears ago, | was a design engineer for a medical-
imaging company producing MRI (magnetic-
resonance-imaging) equipment. Even though I
was not an RF engineer, the designs [ worked
on had to deal with RF-noise problems all the
time, mainly within the shielded room where
the magnet resided. My main responsibility was the patient-
handling system, which accurately moves the patient to the

point at which the scan will be the
most effective. Because the RF coils
in an MRI system are highly sensitive,
no clocks or high-frequency-generating
devices can be on in the room at the
time of the scan. Well, as most engineers
probably know, for many processors,
there is a “sleep mode” that turns the
clock off. The patient-handling system’s
processor entered sleep mode at the time
of scan but kept the power on.

If you have ever had an MRI scan,
you know that it’s very loud, confining,
and—more importantly to insurance
companies—expensive! And if anyone
must shut down an MRI system for any
reason, it’s quite a nuisance to the hospital
or imaging center. One day, I received a

call stating that the scans in one facility
were full of noise, but only some of the
time. I went to investigate. What could
be causing this problem? Armed with
the usual scopes, meters, schematics,
and other tools, I kept thinking, “Great!
Intermittent problem: an engineer’s
nightmare.” I could already hear the MRI
technicians explaining, “The images were
horrible right before you got here, but
now they're fine.” Yeah, sure.

When I arrived, I asked to see the
RF profile, which would show the so-
called “noise” in the scans. Of course,
as expected, no noise! Clean signal.
However, we tried a few more coils, and
the monster reared its ugly head. When
I went in to manually move the patient

bed, the noise appeared. I thought,
“The processor should be in sleep
mode.” After taking apart the whole
system to get to the electronics, I deter-
mined that the system clock was indeed
shut off. Yet, the noise still existed!
What the heck? I disconnected cable
after cable to find the noise gremlin,
and one tiny cable completely removed
the noise. Aha! It was the cable to the
optical encoder under the patient bed,
which determines the 1-mm accuracy
of the system positioning.

“The encoder?” I thought. But the
bed isn’t moving. There would be no
square waves generating the harmonics
necessary to interfere with the RF coils.
Why is this system so noisy? I looked at
the encoder signals and verified there
were no pulses. So, [ decided to check
the 5V line. Lo and behold, there was
alot of high-frequency noise just on the
dc power-in. The only thing I could
think of was that it was a flaky internal
power connection to the encoder. But
there was no way of replacing or fixing
it without ordering another part and
then scheduling service. As I contem-
plated my options, I put my hands in my
pockets and found an item that I had
been using that day in the lab before
the call: a 0.01-wF capacitor. I smiled
at the tech, reached under the patient
bed, and placed the capacitor over the
5V line. Poof! The noise was gone or
at least gone long enough to keep the
system working until someone replaced
the encoder, that is.

“Serendipity” was the word of the
day. The people at the imaging center
were happy to see a simple solution to a
frustrating problem, as was I. This solu-
tion also solved another mystery for
me: why my professor in college always
had diodes, resistors, and capacitors
in his shirt pocket while we were all
in lab!EDN

Billy Sevel is a field-applications engineer
for Fairchild Semiconductor, where he
specializes in motor controls and micro-
controller-based products.

Share your Tales from the Cube and
receive $200. Contact Maury Wright
at mgwright@edn.com.
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Support Across The Board.

Bringing Products to Life
with Mixed-Signal FPGAs.

At Avnet Memec, support across the board is much more
oL e o Engineer than a tagline for us. From initial design through end of
life — we are deeply committed to driving maximum
efficiency throughout the product lifecycle.

Kyle Dando
Avnet Memec,
Technical Manager,
Western Region

The Challenge

How do you launch the first Mixed-Signal FPGA

to the engineering masses? Actel’s Fusion Programmable
System Chip integrates configurable analog, large Flash
memory blocks, comprehensive clock circuitry, and high
performance programmable logic in a single chip. With
so much to offer, the company wanted to quickly reach
the engineering market. Enter Avnet Memec.

The Solution
5 Actel’s leading distribution partner Avnet Memec
Kevin Thompson underwent rigorous product training on the applications
S8 Distict Sales Manager and benefits of Fusion. In the spring of 2006, Avnet

Memec rolled out its SpeedWay™ full-day hands-on
workshops and labs, highlighting the versatility of Fusion
for OEM engineers. All this adds up to quite an education.

As OEMSs look to implement Fusion into their designs,

Avnet Memec and Actel will be there all the way —
P providing technical support in every phase of design

\A A development. It’s true support across the board.

To learn more, request a free Fusion

a informational CD and enter to win one

of 10 free Fusion Starter Kits, go to:
www.em.avnet.com/actel/sath

U4ctel S AVNET

Enabling success from the center of technology”

1 800 408 8353
www.em.avnet.com

©Auvnet, Inc. 2006. All rights reserved. AVNET is a registered trademark of Avnet, Inc.©Actel 2006.
All rights reserved. Actel logo and combinations thereof, and others are the trademarks of Actel Corporation or its subsidiaries.

Avnet Green Initiative



MILESTONES MAURY WRIGHT ¢ EDITOR IN CHIEF

Floppy disks led the removable-

storage stampede

RANDOM ACCESS AND CONVENIENT MEDIA MADE FLOPPIES
THE MEDIA OF CHOICE IN MICROCOMPUTERS.

efore the floppy disk arrived, computer users

had severely limited options for removable-stor-

age peripherals. Paper tape found use in loading

code but was far from efficient. Magnetic-tape

technologies offered more capacious media but

no random access. And clunky, rigid disk packs
or cartridges weren’t exactly portable. Moreover, all remov-
able-storage technologies carried high prices.

Research on the floppy disk started
around 1965, and, by 1975, IBM was
shipping the 8-in. flavor of the vener-
able peripheral to load microcode into
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the execution units of its 370 main-
frames. The random-access capabili-
ties of the floppy would quickly usurp
cassette, cartridge, paper-tape, and

other removable media and become
ubiquitous far beyond the IBM world.

EDN?’s Jan 20, 1975, issue included
the article “Flexible discs: a look at
the latest mini-peripheral.” (Read
the excerpt below or access the en-
tire article at www.edn.com/article/
CA6370603.) This article described
the electromechanical floppy drive.
We can only guess that the prefix
“mini” in the headline referred more
to the minicomputers of the day than
to the storage device itself.

Floppy drives would quickly move
down the miniaturization curve to
5.25- and 3.5-in. versions. Moreover,
capacity would escalate to hundreds of
megabytes—but not quickly enough
to avoid being usurped by the flash-
memory drives that prevail today.Ebn
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Raychem

CIRCUIT PROTECTION

In today’s wired universe, sensitive communications equipment can be exposed to devastating
electrical hazards. Raychem Circuit Protection overvoltage devices are in use around the world,
helping equipment designers and manufacturers meet safety and performance standards and
improve the reliability of network and customer premises equipment. Our extensive line of thyristor
surge protection devices, gas discharge tubes, MOVs, PESDs, and integrated overcurrent/overvolt-
age protection devices offer you a wide range of solutions, and the innovation, quality and value
you expect from the leader in circuit protection

Please visit www.circuitprotection.com/order/ to request a copy
of our new Circuit Protection Product and Application Catalog.

‘ COMMITTED TO A
N GREENER PLANET

308 Constitution Drive

Menlo Park, CA 94025-1164
Tel 1-800-227-7040

Tel 1-650-361-6900
www.circuitprotection.com
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ANALOG DEVICES AND INTEL HAVE COLLABORATED ON A NEW HIGH-SPEED BUS.
THE SIMPLE SERIAL TRANSPORT BUS PROVIDES PC-SYSTEM MANAGEMENT.

HIGH-SPEED BUS FOR

PC management emerges

BY CHARLES H SMALL

CONTRIBUTING TECHNICAL EDITOR

nalog Devices has teamed with Intel to
develop a new serial bus that efficiently
communicates computer-system heat dis-
sipation and voltage-management and
control information to safeguard the per-
formance and reliability of high-perform-
ance desktop computers, workstations,
and servers. The two companies have co-
developed and launched the SST (Simple
Serial Transport) bus, which enables faster and more precise
communication of system temperature and voltage levels.

“Thermal management is becoming
increasingly important in today’s elec-
tronics applications, which are growing
more complex while shrinking in size.
Accurately monitoring temperature in
computing products and complex cores
is key to ensuring protection against
malfunction or failure due to excessive
heat,” says Susie Inouye, research direc-
tor and principal analyst with market-
research company DataBeans (www.

databeans.net). “Thermal-management
technology allows designers to success-
fully monitor these complex cores that
are designed on submicron geometries
and continue to push the limits of heat
dissipation.”

By more quickly and accurately relay-
ing this environmental information to a
computer’s core-logic chip set, the SST
bus can dramatically reduce thermal-
management errors that can lead to a

drop in computing performance. “Next-
generation platforms will communicate
critical system information, such as tem-
peratures, in more and varied locations
within the PC platform for enhanced
thermal management and reliability.
Highly accurate temperature sensing
enables PCs that provide a better user
experience,” notes Eric Ingersoll, prod-
uct-marketing engineer for Intel.

SST BUS

By communicating data in a robust,
noise-immune, and scalable way, the
single-wire SST bus improves on the
two-wire, 100-kbps SMBus (System
Management Bus) in high-perform-
ance-computing applications by offer-
ing increased bandwidth and higher
noise immunity. Reducing fan noise
and improving platform performance in
desktop PCs, servers, and workstations,
the SST bus relays key environmental
information, such as temperature and
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AT A GLANCE

The SST (Simple Serial
Transport) bus enables faster and
more precise communication of sys-
tem-temperature and -voltage levels.

Bl The single-wire serial bus links
sensors and south-bridge ICs.

The new bus dramatically
reduces thermal-management errors
that can lead to a drop in computing
performance.

Bl SST significantly reduces
communication errors.

voltage, directly to the system’s south-
bridge core logic or dedicated ASIC
fan-speed controllers at a rate of 1 Mb-
ps. Table 1 compares the SST bus to
the legacy SMBus and I*C bus.

Figure 1 shows the architecture of an
SST-bus PC. The processor is an Intel
Core Duo. Comparable AMD proces-
sors still use the SMBus. The SST
architecture includes the MCH (mem-
ory-channel-controller)  north-bridge
IC, the ICHS (I/O-channel-controller)
south-bridge IC, and external thermal
sensors. The ICHS is the SST-bus host
controller, and the thermal sensors are
the slave or client devices. On the SST
bus, a 25% duty cycle is a logic zero, and
a 75% duty cycle is a logic one.

The SST bus enhances system reli-
ability and performance by significantly
reducing communication errors. In pat-
ticular, when you test the buses in the
same environment on new PC mother-

boards, the SMBus measures about one
error every 10 kbits, compared with the
SST bus’s one error for every 1 Gbit
processed. As a result, the PC user may
see improved boot time and less chance
of delays when the bus does not prop-
erly relay a thermal event to the core
logic. In addition, the SST bus allows
PC and workstation designers to use
the new features, such as the recently
announced Intel QST (quiet-system
technology), in some next-generation
Intel chip sets. With the integration
of fan-speed control in the core logic,
QST reduces the number of discrete
fan-control components in the system,
which can lower BOM (bill-of-materi-
als) costs and allow system developers
to use more programming options.

“A bus was required to enable indus-
trywide compatibility with system-man-
agement devices, such as temperature
sensors and voltage monitors in com-
puting applications,” says Steve Peter-
son, Intel’s director of chip-set and
software marketing. “Working with
Analog Devices, we developed a com-
mon, robust interface that all licensed
vendors can easily incorporate, allowing
them to add custom capabilities, such as
the Intel QST, for new environmental
features in PCs, servers, and worksta-
tions.”

SMBUS AND I’C BUS

Intel’s earlier system-management
bus, the SMBus, is a two-wire bus simi-
lar to the I?C bus. In the early 1980s,
Philips Semiconductors developed the

ASC7521

ASC7531

VOLTAGES

Figure 1 The architecture of an SST-bus
PC includes the ICH8 south-bridge IC as
the SST-bus master and the temperature
sensors as slave or client devices. The
ICH8 drives the PC's fans, adjusting air-
flow according to the temperature. The
aSC7521 temperature sensor measures
CPU temperature using a diode-con-
nected transistor on the CPU. The aSC-
7531 monitors five system-voltage levels
in addition to measuring temperature.

I*)C (Inter-IC), a simple, bidirectional,
two-wire bus for efficient inter-IC con-
trol in TV sets. Philips’ IC range cur-
rently includes more than 150 CMOS
and bipolar [*C-bus-compatible types
for performing communication func-
tions between intelligent control de-
vices, such as microcontrollers; general-
purpose circuits, such as LCD drivers,

SST VERSUS SMBUS AND I’C

Parameter

Routing and system-
board noise increasing
dramatically

Noise susceptibility
1X10-°

Intellectual property
and royalties

Conformity and
compliance program
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Simple Serial Transport

Standard motherboard routing for non-
critical traces, 5-mil-line-by-5-mil space
and 4-mil-line-by-4-mil space OK

Bit-error rate of input approximately

Royalty-free Adopters License available
from Analog Devices and Intel

License requires that devices meet the
specification. Testing plan in development

SMBus/I’C

According to many motherboard designers, SMBus needs wider line
and space rules in noisy areas.

No published data, but testing shows results vary widely between
devices. “Weakest-link” model applies

Uncertain; contact Philips for specifics about future high-speed
devices (greater than 400 kbps)

None recognized or published



Intersil Battery Charger ICs

High Performance Analog

Unshackle Your
Handheld Device

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

The ISL6299A is a low component count solution that features
programmable cradle charge current, charge indication, adapter present
indication, and programmable end-of-charge (EOC) current with latch.
All these advanced features, along with Intersil’s Thermaguard™
technology for an added measure of thermal protection, are delivered in
a single 3x3 mm DFN package.

ISL6299A System  \

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

/ USB input. Takes input from USB port or other low voltage supply. Fixed
{ | charge current at typically 380mA. Only charges when cradle source is
\ / notconnected.

Programmable end-of-charge optimizes Fast-charging rates of an AC
end-customer applications. High input adaptor for when you have
voltage tolerance protects the device when access to cradle.

used with low-cost unregulated supplies or

in under-input transient conditions.

28V tolerant cradle with

overvoltage protection.
Sync-up and fuel-up directly from your

laptop with convenient USB charger.

Intersil — Switching Regulators for precise power delivery.

©2006 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

ISL6299A Key Features:

~— Dual-input charger for single-cell Li-ion/
polymer batteries for cradle and USB

~— Low component count

~— Integrated pass element

~ Fixed 380mA USB charge current
~— Programmable cradle charge current

~ Charge current Thermaguard™ for
thermal protection

~ 28V maximum voltage for the cradle input
~ Charge and adapter presence indicators

~ Less than 0.5uA leakage current off the
battery when no input power attached

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

~— No external blocking diode required
~— RoHS compliant

Datasheet, eval kit with USB
interface, free samples, and
more information available at
www.intersil.com @

intersjl.

HIGH PERFORMANCE ANALOG




remote /O ports, and memories; and
application-oriented circuits, such as
digital-tuning and signal-processing cit-
cuits for radio and video systems.

All I*C-bus-compatible devices in-
corporate an on-chip interface, which
allows them to communicate directly
with each other through the I’°C bus.
This design concept solves the many in-
terfacing problems you encounter when
designing digital-control circuits. I1*C
has become a worldwide de facto stan-
dard that is now implemented in more
than 1000 ICs and is licensed to more
than 50 companies.

MEASURING TEMPERATURE

A simple method for measuring the
temperature of high-performance pro-

cessors and other circuitry is to exploit
the negative-temperature coefficient of
a diode-connected transistor by measur-
ing the base-emitter voltage, V, of a
transistor operated at constant current.
Unfortunately, this technique requires
calibration to null the effect of the
absolute value of V., which varies from
device to device.

Analog Devices’ chips use a tech-
nique that measures the change in V
when you operate the device at three
different currents. In this scheme, beta
compensation, the beta of a transistor
varies with current. National Semicon-
ductor pioneered beta-compensation
technology and was the first to bring
it to market, with the introduction of
TruTherm technology in the spring of

E OVpp
A 4 N1XTYN2XI Vigas
D+ E _| Vour+
RPN - TO
REMOTE- T O -Dv ADC
SENSING o o =
TRANSISTOR b= BIAS Vour-
; DIODE LOWPASS FILTER
= fo=65 kHz.
NOTE: CAPACITOR C, IS OPTIONAL. USE IT ONLY IN NOISY ENVIRONMENTS.
Figure 2 The Analog Devices ADT7484 and ADT7486 measure their own internal
temperatures as well as external temperatures.
ON-CHIP
TEMPERATURE LOCAL-
SENSOR TEMPERATURE- |
VALUE REGISTER <] SST <«>OSST
INTERFACE
DIGITAL
D1+
D1 "@_" MULTIPLEXER
ADT7486 [D2+ ANALOG
ONLY D2— MULTIPLEXER REMOTE-
TEMPERATURE- [
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ADT7484/ REGISTERS SELECTION ADDO
ADT7486
Voo GRND RESERVED

Figure 3 SST-bus temperature sensors perform beta compensation by measuring the
voltage drop of a diode-connected sensing transistor using a variety of current sources,
because transistor beta varies with emitter current.
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2005. Figure 2 shows the input-signal
conditioning that the SST-bus tem-
perature sensor uses to measure the
output of a remote temperature sensor.
This figure shows the remote sensor as
a substrate transistor, which Core Duo
microprocessors include for tempera-
ture monitoring, but it could also be
a discrete transistor near the proces-
sor. If you use a discrete transistor, do
not ground the collector and link it to
the base. If the sensor is operating in
an extremely noisy environment, you
can add C, as a noise filter. Its value
should not exceed 1000 pE To prevent
ground noise from interfering with the
measurement, you do not reference the
more negative terminal of the sensor to
ground, but you bias it above ground
by an internal diode at the D1— input
(Figure 3).

DISCRETE TRANSISTORS

If you use a discrete transistor, you
do not ground the collector but instead
link it to the base. If you use a PNP
transistor, the base connects to the
D1— input, and the emitter connects
to the D1+ input. If you use an NPN
transistor, the emitter connects to the
D1— input, and the base connects to
the D1+ input. Figure 3 shows how to
connect the ADT7484/ADT7486 to an
NPN or PNP transistor for temperature
measurement. To prevent ground noise
from interfering with the measurement,
do not reference the more negative ter-
minal of the sensor to ground but bias
it above ground by an internal diode at
the D1— input.

Digital boards can be electrically
noisy environments. Analog Devices
advises you to take the following pre-
cautions to protect the analog inputs
from noise, particularly when measur-
ing the small voltages from a remote di-
ode sensor:

o Place the device as close as pos-
sible to the remote-sensing diode.
Provided that you avoid the worst
noise sources, such as clock genera-
tors, data/address buses, and CRTs,
this distance can be 4 to 8 in.

e Route the DI+ and D1— tracks
close together in parallel with
grounded guard tracks on each side.
Provide a ground plane under the
tracks if possible.

o Use wide tracks to minimize induc-



Intersil Switching Regulators

High Performance Analog

Need a Multiple
Output PWM That

Can Tackle a Wide
Range of Voltages?

Now you can get true 180° out-of-phase PWM
performance along with your choice of two or
three regulated outputs.

Intersil's new line of wide V;y PWM Controllers offers industry-leading
performance and protection, along with unmatched design flexibility.
So, no matter what your input voltage, switching frequency, or number
of system supply voltage requirements are, we've got the right PWM
Controller IC for your design.

Triple Output _| Vour: Adjustable, 0.8V to Vw

PWM Controller
45V 10 5.5V or
5.6V to 24V
Input Voltage

VOUTZ: Adjustable, 0.8V to V|y

Vours: Adjustable, 0.8V to Viy

Synchronized 180° out-of-phase, reducing
the RMS input current and ripple voltage.

Triple Output Vours: Adjustable, 0.8V to V,
PWM Controller oum .
4.5V to 5.5V or A

56V to 24V - —| Vour: Adjustable, 0.8V to Vl
Input Voltage e

VOUTB: Adjustable, 0.8V to V|\

An adjustable overcurrent protection circuit
monitors the output current by sensing the

Dual Output 9

PWM Controller e Vours: Adjustable, 0.8V to Vy
45V10 5.5V or antersl =
5.6V to 24V N 1SL6445 | Vours: Adjustable, 0.8V to V
Input Voltage S o -

Intersil — Switching Regulators for precise power delivery.

©2006 Intersil Americas Inc. All rights reserved. The following are trademarks or services marks owned by Intersil Corporation
or one of its subsidiaries, and may be registered in the USA and/or other countries: Intersil (and design) and i (and design).

Key Features:

~— Operates from wide range of input supplies
(4.5V to 24V)

~— 1.4MHz switching frequency (ISL6441,
ISL6445) for smaller passive
components or 300kHz switching frequency
(1SL6440, 1SL6443) for highest efficiency.
ISL6442 switching frequency is adjustable
from 300kHz to 2.5MHz.

~ Dual (ISL6440, ISL6445) and Triple (ISL6441,
ISL6442, 1SL6443) regulated outputs

~— Internal compensation replaces external
components, freeing-up valuable board space

~— Overcurrent, overvoltage, Pcoop and
thermal shutdown

~— Out-of-phase operation to reduce input filter
requirements and EMI

~— Small footprint and excellent thermal
resistance in 5mm x 5mm QFN package
(1SL6441, 1SL6443) and 20-Id QSOP
(1SL6440, 1SL6442, 1SL6445)

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

intersjl.
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tance and reduce noise pickup. An-
alog Devices recommends a mini-
mum track width and spacing of 5
mils.

e Minimize the number of copper/sol-
der joints, which can cause ther-
mocouple effects. If you use copper/
solder joints, make sure that they
are in both the D1+ and the D1 —
paths and are at the same tempera-
ture.

o Place a 0.1-pF bypass capacitor
close to the device.

o If the distance to the remote sen-
sor is more than 8 in., use a twisted-
pair cable. This approach works for
distances of approximately six to 12
feet.

e For distances as long as 100 feet, use
shielded twisted-pair cables, such as
Belden #8451 microphone cables.
Connect the twisted-pair cable to
D1+ and DI— and the shield to
ground, close to the device. Leave
the remote end of the shield uncon-
nected to avoid ground loops.

1A SST-BUS ADDRESSES

Address

ADD1 ADDO selected
Low (GND) | Low (GND) 0x48
Low (GND) Float 0x49
Low (GND) High Ox4A
Float Low (GND) 0x4B
Float Float 0x4C
Float High 0x4D
High Low (GND) Ox4E
High Float Ox4F
High High 0x50

Because the measurement technique
uses switched-current sources, excessive
cable or filter capacitance can affect the
measurement. When using long cables,
you can reduce or remove the filter ca-
pacitor. Cable resistance can also intro-
duce errors. A 1) series resistance in-
troduces about 0.5°C error.

Thermocouple effects should not be
major problems because the specified

1°C resolution corresponds to about
240 wV, and thermocouple voltages are
about 3 wWV/°C of the temperature dif-
ference. Unless there are two thermo-
couples with a big temperature differen-
tial between them, thermocouple volt-

ages should be much less than 200 mV.

NINE SLAVE DEVICES

According to the spec sheet, you
select the client address for Analog
Devices’ ADT7484 and ADT7486
using the address pins. The address pins
connect to a float-detection circuit,
which allows the devices to distinguish
between three input states: high, low
(ground), and floating. The address
range for fixed-address, discoverable
devices is 0x48 to 0x50, permitting as
many as nine slave devices per SST bus
(Table 2).

The SST bus, like Ethernet, is a
networked, message-passing bus. For
a summary of the commands that the
ADT7484 and ADT7486 devices sup-
port when directed at the target address

For more go to freescale.com/continuum

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. ©Freescale Semiconductor, Inc. 2006.

It’'s where 8-bit and 32-bit
become compatible.



that the fixed-address pins select,
check out Table 3 at the Web version of
this article at www.edn.com/061026df1.
The table contains the command name,
command code, write-data length, read-
data length, and a brief description.

AVAILABLE DEVICES

Analog Devicess ADT748x family
comes in eight- or 10-pin MSOPs for
easy placement in areas in which space
is at a premium. The ADT7484A and
ADT7486A are simple, +1°C-accurate,
digital-temperature sensors that moni-
tor their own temperature, as well as
one (ADT7484A) or two (ADT7486A)
remote-sensor diodes. The ADT7485A
digital-temperature sensor and voltage
monitor can sense its own temperature, as
well as that of a remote-sensor diode. The
ADT7485A can also monitor four exter-
nal voltage channels and its own supply
voltage using its onboard 10-bit ADC.

The Andigilog aSC7521 SST-bus re-
mote digital-temperature sensor, accurate
to +1°C and an operating range of —40

We encourage your comments!
Go to www.edn.com/061026df1

and click on Feedback Loop to post a
comment on this article.

to +125°C, measures its own temperature
and that of a remote diode on the CPU or
on other critical system components in
which heat build-up may suddenly occur.

The Andigilog aSC7531 SST-bus re-
mote digital-temperature sensor and
voltage monitor also measures two tem-
peratures and adds accurate monitoring
of critical system voltages. The combi-
nation of these two parts in a system
plays a critical role in reporting system
health with great precision to superviso-
ry programs in Intel’s high-performance
chip sets. The aSC7521 sells for $1.25,
and the aSC7531 sells for $1.50 (1000).

SMSC offers the EMCI1102 and
EMC1152. Both devices employ beta

compensation to accurately measure

temperature from a 65-nm processor.
Each device is a dual-temperature sen-
sor, but the EMC1152 also measures five
supply voltages in desktop PCs, allow-
ing it to monitor supply-voltage rails on
the motherboard. Production samples of
both the EMC1102 and the EMC1152
are available now. Prices for the parts
are 90 cents and $1.20 (10,000), respec-
tively. The EMC1102 is available in an
eight-pin, “green,” lead-free MSOP, and
the EMCI1152 is available in a 10-pin,
green, lead-free MSOP.EDN

FOR MORE INFORMATION

AMD
www.amd.com

Intel Corp
www.intel.com
National
Semiconductor
www.national.com
SMSC
WWW.Smsc.com

Analog Devices Inc
www.analog.com

Andigilog
www.andigilog.com
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s smart-phone sales soar,
designers have their eyes on
the built-in programmable
graphics, growing process-
ing power, and communi-
cations options to replace
or augment one of the most
challenging and expensive
embedded-systems compo-
nents: the user interface. With the right setup, a
few clicks on a portable smart phone can connect
you with and put you in charge of any embedded
device. If you add special software, a smart phone
can copy the look and feel of proprietary products
and present a user experience similar to that of
a custom embedded hardware interface at a frac-
tion of the development cost and schedule.

EDN hands-on project:

MOBILE

MAKEOVER

BY WARREN WEBB ¢ TECHNICAL EDITOR

WITH THE RIGHT COMMUNICATIONS LINK
AND READILY AVAILABLE DEVELOPMENT
TOOLS, YOU CAN TRANSFORM AN
OFF-THE-SHELF SMART PHONE INTO A LOW-
COST, MOBILE USER INTERFACE FOR YOUR
NEXT EMBEDDED-SYSTEM PROJECT.

There are plenty of applications in which a smart phone
could act as a controller for embedded devices, such as
industrial controllers, access-control products, medical
instruments, security systems, environmental controls,
and even home-automation devices. For example, MP4
Solutions offers the Airstrip OB smart-phone application,
which allows obstetricians to remotely access real-time
fetal-heart tracings and maternal-contraction patterns
from General Electric’s Centricity Perinatal information
system (Figure 1). The smart phone’s real-time display
eliminates possible mistakes in interpretation by the nurs-
ing staff and allows the doctor to more frequently check
on patients. The Airstrip OB supports multiple physicians
accessing multiple patients and maintaining the privacy
protections that the Health Insurance Portability and
Accountability Act requires. Doctors pay $300 per year or
$30 per month for an Airstrip OB license.

Smart-phone or converged-mobile-device technology
combines PDA features, multimedia recorders and players,
digital communications, and Internet access into a pocket-

OCTOBER 26, 2006 | EDN 55



sized form factor. And, by the way, these
devices also make phone calls. Smart
phones have virtually killed the por-
table-PDA market and, as they grow in
processing power, are assuming many
of the tasks formerly requiring a laptop
computer. IDC reports that worldwide
shipments of converged-mobile devices
reached a record of 19.3 million units
for the second quarter of 2006, mark-
ing a 1.9% sequential increase and a
42.1% vyear-over-year increase. IDC
defines a converged mobile device as a
mobile phone having a high-level oper-
ating system, such as BlackBerry, Linux,
Palm, Symbian, or Windows Mobile.

FLEXIBLE PHONES

Smart phones offer embedded-sys-
tem designers a number of benefits
over custom hardware. In addition to
the obvious cost and size advantages,
smart phones offer design flexibility. A
single smart phone can control multiple
embedded devices, and, conversely,
multiple authorized users can control
a single embedded device. Depend-
ing on the capabilities of the embed-
ded system and the phone, users can
exchange wireless data over short-range
technologies, such as infrared or Blue-
tooth; medium-range 802.11 networks;
or long-range cellular systems. Yet,
smart-phone adoption brings plenty of
problems with it. For example, security
and privacy concerns may significantly
complicate the software. Also, each user
requires a smart phone with application
software and data service. Smart phones
are available with a variety of form fac-
tors, screen sizes, processor speeds, and
operating systems. This range of choices
allows users to select the exact perfor-
mance they need but creates integra-
tion and interoperability problems for
embedded-system designers. Finally, in
most large enterprises, the information-
technology department dictates cell-
phone policy and carrier selection.

Most smart phones operate on
CDMA (code-division-multiple-access)
or GSM (Global System for Mobile
communications) cellular networks.
With CDMA, the frequency of the
transmitted signal hops according to a
defined code, and only a receiver fol-
lowing the same set of frequencies can
detect it. CDMA permits many radios
to share the same frequency channel.
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AT A GLANCE

Bl An off-the-shelf smart phone can
replace the user-interface portion of
some embedded designs to notice-
ably reduce the development effort.

Bl Although high-speed cellular data
transmission is the norm, design-
ers can also choose shorter range
Bluetooth and 802.11 networks for
smart-phone interfaces.

Bl Low-cost Web-server modules

offer device manufacturers an easy
way to upgrade embedded devices
for compatibility with smart phones.

B Integrated development tools
from most handset vendors ease the
custom programming necessary for
smart-phone user-interface design.

GSM is the most popular cellular stan-
dard: More than 2 billion people in
more than 200 countries use it. Most
cellular technologies have a third-gen-
eration evolution path to extend data
rates for high-bandwidth-system appli-
cations. Examples are EDGE (enhanced
data rates for GSM evolution) and
EV-DO (evolution-data optimized).
Several ways exist for interfacing a
smart phone with an embedded device
over an available communications link.
The basic design challenge is to inte-
grate communications hardware and
software into the embedded device and
possibly develop a custom application

1
s |airstripo. @ &* ¥
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Figure 1 MP4 Solutions’ Airstrip OB
smart-phone application offers obstetri-
cians remote access to real-time fetal-
heart tracings and maternal-contraction
patterns.

for the handset. A popular approach
is to add Web-server features to the
embedded device to incorporate Inter-
net connectivity. If the embedded prod-
uct has surplus processing power and
a cominunications port, designers can
add Web-server software directly into
the firmware. For example, the open-
source, small-footprint AppWeb Web
server aims at embedded devices and
applications. The software is licensed
under the GNU open-source license,
and a community of developers sup-

Figure 2 NetMedia's $100 SitePlayer developer's kit features a Web server, a 10BaseT
Ethernet controller, flash Web-page memory, a graphical object processor, and a serial-

device interface.



3-Ch. Low-Power Video Amp

with I2C Control
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Select

The THS73x3 family of high-performance video amplifiers from Texas Instruments provides
the designer with unprecedented flexibility and control in configuring video systems
without the need for hardware upgrades or modifications. Operating at 20x less power
than competing amplifiers, these products are ideally suited for digital video systems like
those incorporating Tl's DaVinci™and DLP® technologies.

Filter-3dB #of Bypass Price

# of Freq Filter Bandwidth  Gain Input Output SAG Starts

Device Channels (MHz) (typ) Poles (MHz) (typ) (dB) Coupling Coupling Output at1K
AC-Bias,

THS7303, 3 916,35 = 5 190 6 AC-STC, | ACorDC | Yes | $1.65
DC, DC+Shift
AC-Bias,

THS7313 3 8 5 = 6 AC-STC, | ACorDC = VYes | $1.20
DC, DC+Shift
AC-Bias,

THs7383 3 | 91635 | 5 | 150 | 0 ' acsic ACorDC | No | $165
Adjustable '
DC, DC+Shift

Evaluation Modules and 'f"'
Technical Information

» Applications
— Set-top boxes
— Digital televisions

— Personal video/DVD
recorders

— Portable USB
devices

» Features

— 2.7V to 5V single-supply
operation

— Low power consumption:
55mW at 3.3V

—2:1 Input MUX allows
multiple input sources

—12C Control of all functions

— Integrated low-pass filters
with 5th-order Butterworth
characteristics

— Selectable input coupling
modes

— Rail-to-rail outputs allow a
variety of AC- or DC-coupled
modes

— Individual channel disable
with independent channel
mute control

For Samples,

www.ti.com/ths7303 o 800.477.8924, ext. 13277

Technology for Innovators™ {'} TEXAS INSTRUMENTS

DaVinci, DLP, Technology for Innovators and the red/black banner are trademarks of Texas Instruments. 1566A0
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ports it. It provides a standards-based,
dynamic Web-page-creation environ-
ment. You can download the free App-
Web software with full source code at
www.app Webserver.org.

To retrofit products with limited
expansion capability, you can opt for
a drop-in  Web-server module that
includes a serial interface to your
embedded product on one end and
an Ethernet interface on the other.
The Web server includes networking
software, leaving the designer free to
concentrate on the embedded-system
application. The $30 SitePlayer mod-
ule from NetMedia and the $50 Xport
embedded-Ethernet-device server from
Lantronix are examples of add-on Web
servers. Each device allows you to cre-
ate smart-phone-compatible Web pages
using standard HTML (Hypertext
Markup Language)-authoring tools and
download them directly to built-in flash
memory. You can then communicate
with and control the device from any
standard or smart-phone browser.

SHORT LINKS

Short-range wireless links, such as
infrared, Bluetooth, and Wi-Fi, can
also provide the connectivity neces-
sary to control or monitor an embedded
device. Many smart phones offer built-
in Bluetooth transceivers to wirelessly
link to nearby devices, such as head-
sets, GPS (global-positioning-system)
modules, other smart phones, and PCs,
for synchronization. With an embed-
ded device that integrates a Bluetooth
transceiver for a custom smart-phone
application, you can establish a user
interface for short-range, interactive
applications. You can establish a similar
communications link over the infrared
channel, but alignment is sometimes
tricky, depending on sensor placement.
Although Wi-Fi transceivers would pro-
vide a longer range connection, smart-
phone carriers hesitate to include the
capability because a VOIP (voice-over-
Internet Protocol) connection could
bypass their per-minute charges.

Although you can launch an embed-
ded user interface by simply selecting the
Web server’s address through the smart
phone’s browser, a few software modifi-
cations create a more customized look
and feel and simplify the process. Most
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Figure 3 The Microsoft Visual Studio environment with the Windows Mobile develop-
er's-resource-kit option delivers drag-and-drop smart-phone programming.

smart-phone vendors provide develop-
ment tools to encourage third parties
to develop software add-ons, increasing
handset sales or extending per-minute
charges. Although embedded devices
in general use a wide array of software
vendors plus in-house custom software,
smart-phone software comes from very
few sources. Operating systems, such
as embedded Linux, and systems from
Symbian, Windows Mobile, Palm, and
Research in Motion account for most
smart-phone platforms.

A large group of cell-phone manu-
facturers, including Nokia, Ericsson,
Sony, and Samsung, own and support
Symbian, which has the largest smart-
phone market share. The Symbian OS
includes a real-time, multithreaded,
pre-emptive kernel and supports most
telephony, messaging, and multimedia
protocols. The developers of Symbian
designed it for handheld devices, and
it had limited resources and a strong
emphasis on conserving memory and
power. Symbian offers a complete set of

development tools, including both paid
and free versions, on its Web site.

The Palm-operating-system-develop-
ment tools are more mature than those
from any other smart-phone-software
supplier, but the company has split, cre-
ating some confusion among develop-
ers. PalmOne is the hardware spin-off of
Palm, and PalmSource, which Access
recently acquired, maintains the Palm
operating systems and works with third-
party developers. Application develop-
ers can choose from C, C++, Visual
Basic, or Java programming languages
plus the Freescale CodeWarrior or
Eclipse integrated development envi-
ronments. You can find development
tools, documentation, and tutorials at
the PalmSource Web site.

Linux, the fastest growing operating
system for smart phones, provides devel-
opers with open-source code, freedom
from licensing restrictions, free devel-
opment tools, and a huge support com-
munity. Supporting this rapid growth,
a spokesman recently announced that



LMH® High-Speed Buffers With Up

to 300 mA Continuous OQutput Current

New LMH6321 Delivers 5 mA and 5% Accuracy

Features

e Stable +300 mA continuous current
while driving large capacitive loads Non-Inverting Buffer Application Diagram

* 10 mA to 300 mA at +5 mA, +5%

accurate adjustable current limit ¢

* Thermal shutdown protection prevents
overheating

* £15V Supply voltages allows wide
output voltage swings

Rout Output

* High-speed and high output current for
a high-performance system solution

Ideal for use in automatic test equipment,
instrumentation, industrial controls, and R6
factory automation

LMH6321 Single, high-speed buffer with | 100 MHz SSBW, 1000 V/ps Slew rate, 300 mA continuous output current with 5 mA
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with shutdown 10 MHz
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34980A switch/measure unit

ow LXI compliant

Now enhanced with the advan-
tages of LXI, the Agilent 34980A
has the conveniences of this
new standard while being a
compact, flexible alternative to
PXI- or VXI-based switching—at
a cost of up to 40% less. It's part
of Agilent Open, so you'll have a
system-ready instrument, the
convenience of PC-standard 1/0,
and the ease of programming in
the development environment
you choose.

Agilent 34980A multifunction

switch/measure unit

* Choose from 19 modules

* Switch signals up to 20 GHz

* Digital I/0, analog outputs and
counter/totalizer

« Built-in 612 digit DMM

* Standard LAN, USB, and GPIB

* Graphical Web interface

* Priced up to 40% less than
comparable VXI/PXI solutions

u.s. 1-800-829-4444
canada 1-877-894-4414
www.agilent.com/find/Ixi

Agilent Technologies

©Agilent Technologies, Inc. 2006

Linux will power more than half of
the mobile phones that Motorola ships
within twoyears. Evans Data Corp (www.
evansdata.com) reports that almost
one-quarter of all smart phones sold in
2005 used the Linux operating system.
However, Linux has some problems.
Critics claim that Linux smart-phone
platforms suffer from fragmentation
and interoperability issues due to the
ease with which developer groups can
modify their code. The LIPS (Linux
Phone Standards) Forum and the OSDL
(Open Source Development Labs) have
recently teamed up to define standards
that promise to turn Linux into a plug-
and-play mobile-phone platform.

WINDOWS TO GO

To support its latest operating soft-
ware for Pocket PC and smart-phone
devices, Windows Mobile 5, Microsoft
revamped its tool structure and desig-
nated Visual Studio 2005 as the main
integrated development environment
for building all Windows mobile appli-
cations. Developers have a language
choice of C++, C#, and Visual Basic,
plus an expanded set of application-
programming interfaces for mobile
devices. Visual Studio 2005 also pro-
vides device emulators to simulate
application-software operation directly
on the PC workstation. You can find a
detailed overview of Microsoft’s tools,
tutorials, and sample applications at the
Windows Mobile Developer’s center
at www.microsoft.com/windowsmobile/
developers.

Since I have access to a fairly new
Motorola QQ smart phone based on the
Windows Mobile 5 platform, I decided
to use it to create a basic user interface
to monitor and control a simple embed-
ded device. The Motorola QQ includes a
320%240-pixel display, a full QWERTY
keyboard, EV-DO support, integrated
Bluetooth, a speakerphone, a 1.3 mil-
lion-pixel camera, and extensive mul-

AT EDN.COM >

For another smart-phone article, go
to www.edn.com/article/CA490411.

Go to www.edn.com/061026¢s
and click on Feedback Loop to post a
comment on this article.

Embedded Device
User Interface

Switch1=0 Switch2=1
RedLED=0 GreenlED=1

Figure 4 This emulator image for the
Windows Mobile 5 allows designers to
realistically simulate and interact with
Motorola Q smart-phone applications.

timedia features. With a built-in Web
browser and e-mail capability, the Q
has all the communications functions
necessary to serve as an embedded user
interface.

My first task was to locate the devel-
opment tools necessary to create cus-
tom applications for the Q. I started
at the Microsoft-developer Web site to
download the smart-phone SDK (soft-
ware developer’s kit) and a 90-day trial
copy of Visual Studio 2005. As soon as
[ discovered that the combined down-
load was nearly 3 Gbytes, I coughed up
the $13 to have Microsoft deliver the
DVDs by mail and prepared for a long
wait. I was surprised to find the package
from Microsoft in my mailbox in just
two days. Installation was straightfor-
ward, and [ was able to test some sample
applications within a few hours. I then
ventured to the Motorola developer
Web site, where I found the Q devel-
oper guide with instructions for install-
ing the company’s custom emulator
image into Visual Studio 2005.

Now, with a complete development
environment for Motorola Q, I needed
an embedded system to control. Luck-
ily, I had on hand a developer kit for the
SitePlayer Web server that could simu-
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late a rudimentary embedded device.
The $100 kit includes a host board with
LEDs and switches, a temperature sen-
sor, and a SitePlayer module (Figure
2). The kit also includes sample soft-
ware and a library of graphical knobs,
switches, LEDs, and other user-inter-
face tools to aid in Web-page develop-
ment. With a serial connection to my
laptop and an Ethernet link into my
home network, I could interact with
the sample Web pages preloaded into
the SitePlayer. I could control two LEDs
and read the state of two switches from
the development kit with my standard
browser pointing to the SitePlayer’s fac-
tory-set [P address.

WEB VIEW

To create custom Web pages to down-
load to the SitePlayer, I needed an
HTML-authoring tool that could
modify the sample code that NetMedia
provides. With a quick Google search,
I found and downloaded the free Nvu
(new view) Web-authoring system.
Nvu allows WYSIWYG editing of pages
without dealing with the HTML struc-
ture and has features similar to those
of Microsoft’s FrontPage and Adobe’s
Dreamweaver. After a short learning
process, I was able to load the sample
pages, retain the hardware hooks, and
create all new pages tailored to the
small smart-phone graphical display.
The open-source Nvu system is avail-
able under the Morilla public license.

The final step in the process was to
create a special smart-phone application
for the Motorola QQ that would bypass
the normal Web-address-navigation
details and directly display the user-
interface page from the SitePlayer when
I invoked it. At first, I was expecting a
huge learning curve, given the tools and
features built into Visual Studio and the
Compact Framework details for Win-
dows Mobile 5. However, after watch-
ing a few of the online tutorials from the
Microsoft developer’s site, I found that
my application was simple and required
only a single line of code to identify the
URL of the SitePlayer. With the smart-
phone SDK installed, I could drag and
drop my control, the WebBrowser, onto
the simulated display, add my line of
code, build the object code, and deploy
the result onto the Motorola Q emula-

tor directly from the Visual Studio pro-
gramming environment (Figure 3). OK,
maybe it wasn’t as simple as it sounds.
[ had problems deciphering the device
controls, connecting the emulator to
my network, and formatting the Web
pages for the 320X 240-pixel display.

Although the application turned out
to be simpler than I had first envisioned,
[ was able to turn the LEDs on and off
from the application by selecting the
appropriate link and clicking the cen-
ter of the five-way switch on the smart-
phone emulator (Figure 4). The sys-
tem could also display switch settings,
although not in real time. The way
that [ wrote the application required a
page refresh to read the current switch
states—probably not acceptable to the
marketing folks. Notwithstanding the
tiny shortcomings in my application
software, the smart-phone user-inter-
face concept has enormous potential to
reduce the cost and schedule for embed-
ded-system projects.EDN
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BY ARNOLD FRISCH - WARPSPEED CHIPS LLC

Handling differential skew
In high-speed serial buses

DIFFERENTIAL SKEW HAS BECOME A PERFORMANCE-
LIMITING PHENOMENON. YOU CAN MANAGE IT WITH A

VARIETY OF APPROACHES.

ntil recently, wide synchronous buses were the

method of choice for high-data-rate digital

communications because digital logic could

not support the switching rates for required

bandwidth on a single lane. Unfortunately,

wide synchronous buses become problematical
at high clock rates. As speeds increase and buses become
wider, it becomes increasingly difficult to obtain required
setup-and-hold times on all the lines in a wide bus. These
facts have driven the use of very-high-bit-rate serial buses
with embedded clocks. Embedded clocks are implicit in serial
buses, and the clock frequency is 1/UI (unit interval) of data
change. This article assumes an 80-psec Ul and, therefore, a
12.5-GHz clock frequency (Figure 1).

A little-regarded phenomenon, differential skew, has
become a fundamental performance-limiting issue for high-
speed serial-communications links. “Differential skew” refers
to the time difference between the two single-ended signals
in a differential pair. The operation of such links involves sig-
nificant amounts of signal processing to recover clocks, reduce
the effects of high-frequency losses, reduce ISI (intersymbol
interference), and improve SNR. Skew limits the bandwidth
of these links, adds data-dependent jitter, and limits the pos-
sibility of equalizing links to compensate for high-frequency
skin effect and dielectric losses.

Skew arises from a variety of sources. The most common
and universal cause of skew is the difference in the effective
lengths of the two transmission lines in the lane connecting
a transmitter to a receiver (Figure 2). Figure 3 illustrates the
effects of that skew. The right side of Figure 3 represents the
skew in the differential signal. The small amount of skew in
figures 2 and 3, about 0.2 UI, or 16 psec, can result from a
length difference of less than % in. (3 mm).

You can add various amounts of skew to a sophisticated
analog FIR-filter equalizer (Figure 4). Figure 5 shows the
simulated effects of adding this skew. This filter equalizes the
frequency-dependent loss of dielectrics, which predominates
in pc-board interconnects at frequencies of 5 GHz and
greater. For the zero-skew-input case, the 12-UI burst exhib-
its minimum ISI and maximum output amplitude, and, with
small amounts of skew, both the ISI and the output amplitude
degrade significantly.

Even perfectly matched lengths do not guarantee zero skew.

Many media—from cables to pc-board materials—have non-
uniform dielectric constants, which can cause skew in per-
fectly matched path lengths as short as a few inches. A prime
example is fiberglass-reinforced epoxy, such as G10. In this
case, the dielectric constant of the fiberglass differs from that
of the epoxy, and the fiber bundles are spaced at a distance
that is comparable to the width of conductors in stripline or
microstrip interconnects. Random placement of the fiberglass
bundles with respect to the location of the conductors on the
pc board results in uncontrolled differential skew. This skew
can be as large as 25 psec in 4 in. (10 cm) of interconnect
(Reference 1).

NEW SOLUTIONS

You can correct differential skew by improving control of
the manufacturing process to reduce the variation of effective
dielectric constant as a function of location. You could use
irregular angular relationships between the direction of the
fiber bundles or other causes of anisotropic dielectric con-

<— UNIT INTERVAL=
1/CLOCK FREQUENCY.

Figure 1 This article assumes an 80-psec Ul and, therefore, a
12.5-GHz clock frequency.
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Figure 2 The most common and universal cause of skew is the
difference in the effective lengths of the two transmission lines in
the lane connecting a transmitter to a receiver.
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stants and the conductors in the lanes. If each conductor of
length L crosses the same number of fiber bundles, the delay
associated with each conductor should be the same. Alterna-
tively, you can measure the skew and replace a conductor link
with a link containing the inverse of the measured amount
of skew—an expensive proposition. Creating a library of
precisely known differential delays involves a significant
amount of test time, and it requires the accurate assembly,
measurement, and cataloging of many cables or other forms
of interconnect.

Another, more promising, approach is to detect differential
skew and adjust the delay in one, the other, or both paths to
reduce the skew to near zero. This approach involves detect-
ing the skew and then adjusting the delay.

DETECTING SKEW

Modern oscilloscopes have timing resolutions of 1 psec or
less, but connecting an oscilloscope to the differential inputs
of a receiver IC can typically introduce systematic skew of 2

SKEW=0.2 Ul

VA

Figure 3 A small amount of skew, about 0.2 Ul, or 16 psec, can
result from a length difference of less than % in. (3 mm).

A0> < . )OUTPUT
A
SAMPLE
ANDHOLD [ >_<+>
A

Figure 4 You can add various amounts of skew to a sophisti-
cated analog FIRfilter equalizer.
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AND HOLD
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Figure 5 For the zero-skew-input case (a), the 12-Ul burst
exhibits minimum ISI and maximum output amplitude. With small
amounts of skew, such as 20 psec (b) and 30 psec (c), both the
IS and the output amplitude degrade significantly.
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ferences between the load impedances
of the two probes cause this skew. US
Patent 6,909,980 describes a method for

or 3 psec. Uncertainties associated with
the probe positioning, the location of
the ground connections, and the dif-
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A circuit-level simulation for a system having 1 psec of skew shows that, at
50% duty factor, the skew is zero, so 1 psec of skew is easily detectable.
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The reflections are easy to detect at the transmitter (a), and they indicate not
only the presence of skew, but also which of the two signals arrived at the receiver first
(b) and which arrive later (c).
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deciding how a piece of test
equipment should adjust the

nal to arrive at the line-to-
line termination “sees” the

timing of input differential
signals to obtain optimal
skew values in an eye dia-
gram (Reference 2). The
patent uses independently
programmable “paired inde-

Go fo www.edn.
com/ms4208 and
click on Feedback
Loop to post a com-
ment on this article.

value of that termination
resistor in series with the
characteristic impedance of
the transmission line that
connects to the opposite
side of the termination re-

pendent skew circuits” for
the true and complementary versions
of a differential input, thereby letting
you deskew the signal circuit. The pat-
ent assumes that the differential skew
arises as a consequence of problems in
the interconnection to the test equip-
ment. The invention does not deal with
skew introduced by interconnection

between a source and the input circuit
of a remote IC that is not a part of such
test equipment. The patent gives a good
approach for displaying eye diagrams,
not for measuring skew.

Observe the received signals inside
the receiver. You can determine the
skew with a NOR latch. If there is no
skew, the average value of the output
waveforms from Q_p and Q_n will be
the same. Any skew adds to the average
value of one waveform and subtracts
from the average value of the other
waveform. This situation makes it easier
to detect small amounts of skew. Figure
6 shows a circuit-level simulation for a
system having 1 psec of skew. At 50%
duty factor, the skew is zero, so 1 psec of
skew is easily detectable.

Observe the reflection from the in-
put of the receiver. If the receiver is dif-
ferentially terminated, the virtual cen-
ter of the termination is at ac ground
when no skew exists. When skew exists,
large reflections launch at the receiver
during the skew interval. The first sig-

sistor. During the skew in-
terval, the termination appears to be
3XZ, instead of Z . This fact results
in a reflection coefficient of (Z —Z )/
(Z,+Z7,)=(2XZ)[(4XZ,)=0.5. This
large reflection coefficient persists until
the arrival of the second signal at the
end of the skew interval. At that time,
the voltages at the opposite ends of the
termination resistor are equal and oppo-
site in sign. So the line-to-line termina-
tion has the same effect as two resistors,
each of value Z, providing ideal termi-
nations to the two lines.

The reflections are easy to detect at
the transmitter, and they indicate not
only the presence of skew, but also
which of the two signals arrived at the
receiver first. Figure 7 shows the model
for the skew detector and the cor-
responding waveforms. It’'s important
to note that, in this case, the indicated
skew could be the result of some trans-
mitter skew and some interconnect
skew, but the skew-detection method
determines the final resulting skew, no
matter where the contributions came
from. (I have filed a patent application
in this area.)

ADJUSTING SKEW

If the required skew resolution is sev-
eral picoseconds long, the skew adjuster
can insert active delay into a path us-
ing a multiplexer. This time-tested and
proven methodology is largely in the
public domain. For skew requirements
of approximately 1 psec or less, you can
use an interpolator to interpolate be-
tween two fixed delays whose difference
is approximately 10 psec. Many timing
interpolators are in the public domain.
For smaller target amounts of skew re-
quiring subpicosecond resolution in the
timing adjuster, a programmable-delay
line using current control or varactors is
a good choice. Patent applications exist
for this type of system.

Resolving small amounts of skew is not
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ENSURING THAT THE SKEW EXISTS
AND IS NOT AN ARTIFACT OF THE
MEASUREMENT IS MORE DIFFICULT
THAN RESOLVING SMALL AMOUNTS
OF SKEW.

too difficult. Ensuring that the skew exists and is not an arti-
fact of the measurement is more difficult. Two paths typically
exist between the device under test and the measurement
device. One connects each of two points whose differential
skew you are determining to corresponding inputs of the mea-
surement device or skew detector. If these paths have a differ-
ential delay, an error will appear in the measurement result.
If the two paths have different rise times or bandwidths, a
differential delay will result. If the measurement device is an
oscilloscope that uses a probe for each input, the skew of the
probes, their cables, and the difference in their rise times can
cause a significant amount of skew.

Also, when measuring the relative duty factors of the output
of a latch-based skew detector, bias or leakage current in the
input of the dc amplifier can cause significant errors.EDN
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ADVERTISEMENT

SUPPLY CURRENT PER AMPLIFIER (uA)

Figure 1. LT6003 family behaves well during

For These Amplifiers,
Lower Is Better

High Performance Analog Solutions from Linear Technology

s design techniques and

process technologies

improve, many IC products
focus on the big numbers — more
bandwidth, more resolution, more
output power, more throughput,
more FLOPS. The list goes on. But
for precision op amps, the critical
factors get smaller as they get better
- low supply current, low voltage
operation, low offset voltage, low
noise, low input bias current, etc.
These are the factors that small
signal designers concern them-
selves with the most. The latest
amplifiers use innovative designs
and processes that deliver perfor-
mance that continues to exceed
users’ expectations.

Low Supply Current and
Low Voltage Operation

For applications requiring operation
from two AA batteries, size and power
consumption are obvious and primary
concerns. If precision performance is
also required, there is no choice better
than the LT6003 (single), LT6004
(dual), and LT6005 (quad) micro-
power op amps from Linear Technol-
ogy. This family of amplifiers operates
from 1.6V with only 1pA max supply
current at 25°C and 1.6pA max over
the full industrial temperature range of
-40°C to +85°C. The LT6003 single op
amp is available in a tiny 2mm x 2mm
DFN package and offers 500pV maxi-
mum offset and excellent drift perfor-
mance at 2pV/°C. As important as

these specifications are,

25 17 "2 25°C ‘ ‘ designers need to look

\ TBUT AT V2 beyond the spec table to see

20 ouTPy s/ OUTPUT HIGH | one of the most important
- ;& benefits of this ar‘nphﬁer.

F/ [ For many micropower

15 ,/
10

OUTPUT LOW |

amplifiers, the guaranteed
micropower operation
applies only in limited oper-

ating conditions. Rail-to-rail
operation, for example,

compromises the supply
current, with up to a three-

0
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SUPPLY VOLTAGE (V)

fold current increase as the
output approaches the rails.
When operating on as little
as 1.6V, rail torail operation
is critical to maximize

15 2 25 3 35 4 45 5

power up sequences under the most stressful
conditions.

dynamic range and it is

LY R

important for the amplifier to main-
tain micropower operation in these
cases. As an amplifier powers up, its
outputs and inputs are consequently
near the supply rails. If designers do
not consider this unspecified behav-
ior, many micropower amplifiers may
demand current that exceeds the
capability of the power supply,
preventing a successful power-up
sequence. The LT6003 family employs
special design techniques to behave
gracefully over the entire operating
range for true micropower operation.
Figure 1 shows the behavior of the
LT6003 under the most stressful
power up conditions for a micropower
op amp.

CMOS Op Amps Offer Low
Bias Current

For digital designers, CMOS process
technologies have long offered supe-
rior performance to older bipolar
processes. Substantial benefits of
higher speed, lower power consump-
tion, and lower cost have relegated
bipolar digital devices to the realm of
ancient history. In the world between
on and off, analog IC designers have
a much different view of bipolar
process technologies. Most high
performance op amps still use bipo-
lar processes that offer a lot of bene-
fits in analog designs with only a few
drawbacks.

The one factor that keeps preci-
sion CMOS amplifiers viable is input

OCTOBER 26,2006 | EDN 73



ADVERTISEMENT

For These Amplifiers, Lower Is Better

The New Benchmark for Low Offset & Drift
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Figure 2. LTC6078 Low Offset, Low Drift CMOS Op Amp

low bias current (). Bipolar transis-
tors are current controlled devices, so
bias current is inevitable in a bipolar
op amp. Because MOS transistors are
voltage controlled, there is virtually no
Iy in a CMOS op amp. In fact, the I
specification of an op amp is more
likely to be due to leakage of input
protection diodes than the gate current
of the input transistors themselves. In
applications with high impedance
signal sources, Iy can be the largest
single source of error in the signal
chain.

CMOS has its disadvantages as
well. Noise and device matching limi-
tations plague this process technol-
ogy. However innovative new design
and process techniques from Linear
Technology combine the advantages
of low offset and low noise of bipolar
amplifiers with the low input bias
current of CMOS inputs. Two amplifier
families emerge that address these
shortcomings, enabling power reduc-
tion and performance improvements
in low-power and telecommunications
applications.
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Low Offset and Low Input
Bias Current

For many precision applications
requiring low offset voltage (V) and
drift performance, CMOS chopper-
stabilized amplifiers have often been
the solution of choice. By using
switching techniques to synchro-
nously cancel the inherent DC imbal-
ances of the amplifier, the Vg and
drift can be very close to zero. The
price for this performance has been
high power consumption and noise at
high frequencies due to the clocking
circuits.

The LTC6078 (dual) and
LTC6079 (quad) employ innovative
trimming circuits that yield Vg of only
25pV maximum with Vg drift of
0.7pV/°C as shown in Figure 2. This
Vs performance is as good as some
chopper-stabilized amplifiers and the
best bipolar amplifiers while offering
1pA max input bias current at 25°C
that a CMOS amplifier can deliver.
Combining these outstanding input
specifications with maximum supply

u s
-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8

uv/°c

current of 54pA per amplifier and
2.7V operation, the LTC6078 and
LTC6079 extend the capabilities of
power-sensitive systems.

Current sensing in handheld,
battery-operated devices can be
improved significantly with the bene-
fits offered by the LTC6078 op amp.
The circuit in Figure 3 shows a stan-
dard op amp current sense circuit. The
power dissipated by the sense resistor
entices designers to use the lowest
possible value. The impact of op amp
errors increases as the value of the
sense resistor, Rg, decreases. If the op
amp in Figure 3 had a Vg of 1mV, the
measurement error would be 0.1%
with a 1Q resistor. Because of the
251V max Vg of the LTC6078, the
designer can reduce sense resistor
power dissipation by a factor of 40 by
using a 25mQ sense resistor and
maintain the same system precision.

Low Noise and Low
Bias Current

CMOS transistors inherently gener-
ate more low frequency (1/f) noise

www.linear.com
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Figure 3. The precision of the LTC6078 enables
a small Rs value reducing power dissipation
without sacrificing DC accuracy.

than comparably sized bipolar tran-
sistors. The 1/f noise corner can be
orders of magnitude lower in bipolar
amplifiers. Consequently, bipolar
amplifiers are the traditional choice
for low noise applications. However,
some low noise applications also
require the low input bias current
offered only by a CMOS amplifier.
Increased transistor area is
required to reduce the fundamentally

The Ideal Op Amp

higher 1/f noise of CMOS transistors.
But the increase in area also increases
gate capacitance, which increases the
input capacitance of a CMOS op amp. If
the input capacitance is non-zero, the
high frequency input impedence is far
from ideal. The noise gain of an op amp
is governed by Vou=Vyoise* (1+Z:/Z;),
where Z, includes the input impedance
of the amplifier as well as the discrete
input resistor. An amplifier with large

input resistors may have low noise, but
high input capacitance creates high
noise gain. This only trades a 1/f noise
reduction for an increase in wide band
noise content at the output.

The LTC6240 (single), LTC6241
(dual) and LTC6242 (quad) have
very large input devices to reduce
the 1/f noise to only 550nVp-p, a
figure that rivals a good, low-noise
bipolar amplifier. Though one would
expect large input capacitance from
such large input structures, the
LTC6240 family utilizes an innova-
tive capacitance cancellation tech-
nique resulting in a total input
capacitance of 3.5pF, a third of
competitive CMOS op amps. Figure
4 compares the benefits of this
design technique with other low noise
CMOS op amps that do not employ
capacitance-canceling circuits. The
great combination of performance of
the LTC6241 with noise comparable
to good bipolar amplifiers and 1pA
bias current substantially improves
the performance of low noise,
photodiode amplifiers and high
impedance sensor applications.

Op amps are useful because their rules are simple and few. The basic non-inverting gain equation
Vour=Vin T (1+R¢/R)), for example, is about as simple a guiding rule as one will find in the analog realm.
This equation, however, is simple only because it makes certain assumptions including:

¢ infinite input impedance
e zero input current
e zero offset voltage
e zero noise voltage
*  7Zero noise current

In'some applications, errors due to these unrealizable assumptions are inconsequential. However, as the
industrial world requires increasingly higher precision, there are many applications that require amplifiers to
push these limits closer and closer to the ideal.
For'example, high impedance sensors and photodiode amplifiers are very sensitive to noise and input bias
currents. Low power current sense circuits benefit from ultra-low offset voltage and rail-to-rail operation.
Although by definition unachievable, the ideal op amp offers a complete collection of specifications to
offer as targets for analog designers. Every application requires a different combination of specifications and
the number of op amps continues to expand to fit those needs.

LT LR
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Figure 4. Input Capacitance Cancellation techniques enable the CMOS LTC6241 to offer outstanding
low frequency noise performance and maintain low noise gain.

The low noise CMOS amplifier
family from Linear Technology extends
to high frequency applications with the
introduction of the LTC6244. This
50MHz amplifier maintains 5.6pF total
input capacitance for low noise gain
and offers outstanding DC input perfor-
mance. This combination of perfor-
mance is important in many wideband
sensor conditioning applications. High
impedance sensors such as SONAR
receivers, and LVDTs require low input
bias current and low noise. The lower
-3dB bandwidth of the AC difference
amplifier shown in Figure 5 is set by
R5 and C3 with the upper bandwidth
set by R2 and C1. The DC output volt-
age is Vg regardless of the DC
common mode voltage. With the
values shown, the gain is 10 and the
total input referred wideband noise is
4.5pVrms from 500Hz to 200kHz. L7
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Figure 5. An 800Hz to 160kHz Low Noise AC Difference Amplifier
with a Gain of 10.

Note: LT, LTC, £7 and Burst Mode are registered
trademarks of Linear Technology Corporation. All
other trademarks are property of their respective
owners.
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BY MARC VAN HOUCKE AND ANTHONY SPARKS <« JTAG TECHNOLOGIES

Downlink enables remote
boundary-scan tests

LINK INTERNAL IEEE 1149 STRUCTURES
WITH COMMUNICATION PORTS INTEGRATED

WITHIN A PRODUCT AND AVAILABLE TO THE OUTSIDE WORLD.

or some time, engineers have followed the IEEE

1149.1 standard, also known as “boundary-scan,”

to create test structures on pc boards and in

complete systems. Unfortunately, once products

leave a production line, engineers may lose physi-

cal access to their five-pin IEEE 1149 connectors
or to the five test points that a bed-of-nails tester uses. So,
although equipment may still include IEEE 1149 test capa-
bilities, engineers cannot access them.

To skirt this problem, you can link internal IEEE 1149 struc-
tures with communication ports integrated within a product
and available to the outside world. As a result, engineers
can use a USB port, an Ethernet port, a wireless telemetry
channel, or another medium to transfer test information to
and from IEEE 1149-capable equipment,
such as a satellite or remote embedded

wire connections to the boundary-scan devices in the target
system. In effect, the modules and the communication link
operate transparently to the controller and target.

KEEP TEST SOFTWARE

The communication links and hardware modifications
to the target system require no changes to test software.
An added utility program establishes communications and
calibrates any send-receive latency due to cable length or
network delays. This approach yields high testing speeds over
long distances for a communication medium such as 10-Gbps
Ethernet.

Although it seems counterintuitive, a communication
protocol such as Ethernet TCP/IP provides advantages over

systems, but without physical access to vbAL,,:NYY_AéNN,
the test, or boundary-scan, signals. (En- CAN, SPACEWIRE,
gineers often refer to the technology that INTERNET
underlies IEEE 1149 as “boundary scan” use, 15A | 1eee 1101,
« ” . !
TG TG ok o 5 S o ] ] ]
IEEE standard.) CONTROLLER

This technique requires minor design
modifications that add a downlink mod-
ule to the system you wish to test—the
DUT (device under test). But, the
renewed access to test capabilities from a
distant location justifies the small added
cost. Implementation also requires an up-
link module near the boundary-scan-test
controller—typically, a PC (Figure 1).
The remote-communication technique
also lets you test several distant systems
in parallel (Figure 2) for a 4-to-1 bound-

ASYNCHRONOUS
TRANSMISSION PATH

Figure 1 Remote IEEE 1149.1 testing involves placing uplink and downlink modules
and an asynchronous communication path, such as an Ethernet network, between the
test controller and the device under test.

ary-scan TAP (test-access port).
The communication modules convert PG

to and from a protocol, such as TCP/IP OR

(Transfer Control Protocol/Internet Pro- |WORKSTATION

UPLINK DOWNLINK
MODULE MODULE
4T0-1
TAP
IEEE 1149.1-
COMPLIANT
JTAG -
CONTROLLER TCP/IP DEVICE
UNDER

tocol), and the standard five-wire IEEE
1149 signals that would otherwise electri-
cally link a tester to a target system. The

TEST

five-wire boundary-scan controller con-
nects directly to the uplink module. And
the downlink module provides the five-

Figure 2 Remote testing also can accommodate parallel testing of several devices. In
this case, a 4-to-1 test-access-port circuit multiplexes the test and result vectors.
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direct boundary-scan connections. First, the TCP/IP includes
error detection, a capability that the IEEE 1149.1 standard
does not define. Thus, should a communication error occur,
the receiver can request a retransmission.

Second, encryption/decryption software for TCP/IP com-
munications can help protect intellectual property embed-
ded in a design or implied within boundary-scan informa-
tion. Likewise, encryption protects “bit streams” transmitted
through a boundary-scan channel to configure FPGAs.

Implementing the downlink functions in hardware, per-
haps in an inexpensive PLD (programmable-logic device),
eliminates the need for a separate IEEE 1149.1-compliant test
controller within the target system. And, because the com-
munication medium appears transparent to the controller
and the DUT, engineers can continue to use the same bound-
ary-scan-test vectors.

A typical network topology shows communications and
test applications in a manufacturing facility (Figure 3). This
remote-test configuration provides protocol converters at the
uplink and the downlink modules. The downlink module
may exist as part of the target system or external to it.

Boundary-scan operations occur in a synchronous process

(Figure 4a). The test controller and the DUT sample all inputs
on the rising edge of the TCK (test-clock) signal. These inputs
comprise TDI (test-data input) and TMS (test-mode select) at
the DUT and TDO (test-data output) at the test controller.

Likewise, the controller and DUT update all outputs on the
falling edge of the TCK signal. These outputs comprise TDO
for the DUT and TDI and TMS for the tester. The falling edge
of TCK also causes the DUT to shift out its TDO signal. On the
next rising edge of TCK, the boundary-scan controller samples
the TDO signal to obtain test results, one bit at a time.

Remote boundary-scan operation requires the transmission
of only the TMS and TDI bits from the controller to the tar-
get during each TCK cycle. The downlink module generates
a local clock upon receipt of TDI and TMS information. So,
the uplink does not transmit clock information to the target.
The local clock in the downlink module operates only during
testing and not during normal operation of the DUT.

This approach assumes the use of error detection and
correction. Upon reception of a valid packet, the downlink
circuit reproduces the TDI, TMS, and TCK signals and
applies them to the target’s boundary-scan chain. In return,
the downlink transmits the valid TDO signal to the uplink,

OPERATIONS IEEE 1149.1- PROPRIETARY 'NTERFACEl
USB, ISA, PCI, PXI__| COMPLIANT LINK DEVICE UNDER TEST
PLINK
PC ma | v
WORKSTATION CONTROLLER O
INTERFACE
ADAPTED INTERNAL
DEVICE-UNDER-TEST- MEDIA DOWNLINK | TAP <:> LOGIC
COMMUNICATION LINK
INTERFACE
HIGH-SPEED
ASYNCHRONOUS MANUFACTURING
TRANSMISSION PATH
INTERFACEl
LAN, WAN, WLAN, LON, CAN,
DEVICE UNDER TEST FIREWIRE, RS-232, RS-422, RS-485,
GSM, IRDA, ECHELON, PROFIBUS,
O TCP/IP, USB, WUSB,
BLUETOOTH, INTERNET
INTERNAL
DOWNLINK | TAP e
ON-SITE TARGETS
ROUTER BACKPLANE-
BRIDGE >< SYSTEM TEST
DEVICE UNDER TEST
1
INTERFACEl INTERFACEl INTERFACEl DEVICE UNDER TEST

DEVICE UNDER TEST

\_Ci L

DEVICE UNDER TEST

\_CR L

DEVICE UNDER TEST

\_Ci L

O O O
INTERNAL INTERNAL INTERNAL
DOWNLINK | TAP LOGIC DOWNLINK | TAP LOGIC DOWNLINK | TAP LOGIC P
NETWORKED TARGETS

A large network that performs remote boundary-scan tests can accommodate a variety of transmission paths and devices or

boards to test.
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When the power is on, you don’t want shock
or vibration to create spurious signals.
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a reliable electrical connection in the
most rigorous environments.

e

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

Maximum Stability: Tested to a minimum of
50G shock and 10G vibration with no spikes
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Maximum Range: Surface

mount and thru-hole
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Mill-Max Spring-loaded Connectors are typically
used as the battery charging contacts in portable
instruments, or as a rugged interconnection
between circuit boards.
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Synchronous IEEE 1149.1 test signals illustrate normal timing relationships. All output signals are updated on the falling
edge of TCK, and all input signals are sampled on the rising edge of TCK (a). A transmission path between a test controller and the
DUT introduces a delay, skewing the test signals (b).

which decodes the communication packet and synchronizes  To explain the remote-test timing, it helps to first review the
the received TDO signal at the test controller for comparison  effect of propagation delays on a direct connection.

with the expected TDO data. The synchronous operation of a boundary-scan controller
limits the length of the cable that connects the controller to
ACCOUNT FOR PROPAGATION DELAY a target DUT. An allowable cable length relates directly to

Boundary-scan operations conducted remotely vary in tim-  the frequency of the TCK signal (Figure 4b). Note the delay

ing from those that occur with a direct five-wire connection.  between the TCK, ... (t)) and the TCK_,, ., (t,) signals
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Low Power, Rail-to-Rail Input/
Output, Single Supply Op Amps

Select Standard

Iq
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MCP6041,/2/3/4 14 kHz = -
LN | o | = o]
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MCP6241/2/4 | 550 kHz | . www.microchipdi .

MCP6001,/2/4 5

MCP6271/2/3/4/5

MCP6281/2/3/4/5

MCP6291,/2/3/4/5 | 10 MHz | 1100

MCP6021/2/3/4 | 10 MHz | 1000

* Value is typical at 10 kHz

e Select devices available in PDIP, SOIC, MSOP, TSSOP, SOT-23, and SC-70

® Select devices offer a Chip Select pin for additional power savings

® The MCP62X5 offers dual amplifiers with a Chip Select pin in an 8-pin package

FREE! Download the FilterLab® Active Filter Design Tool at www.microchip.com

FREE! Order device samples at www.microchip.com
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www.microchip.com/OpAmps
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BOUNDARY-SCAN CHAIN
IN
DEVICE UNDER TEST

VIRTUAL BOUNDARY-SCAN CELLS ADDED TO
SCAN-CHAIN DESCRIPTION (NOT ACTUAL HARDWARE)

Adding virtual cells to the description of the bound-
ary-scan chain causes the test controller to “delay” processing
the TDO signal by an amount equal to the communication link’s
propagation delay. These cells do not exist in hardware.

due to propagation delay in a cable. On the rising edge of
TCK,,peer (), the target samples the TMS and TDI lines.
On the falling edge of TCK |, (t 4), the target updates its
TDO output and places it on the cable. Due to the delay in
the cable, the new TDO information reaches the controller
at t.. The test controller samples the new TDO information

BOUNDARY-SCAN CHAIN
IN
DEVICE UNDER TEST

o COUNT
TDO O Lok HARDWARE
FIFO-
A BUFFER
MEMORY
CONTROL COUNTER

Implementation of a FIFO memory compensates for the
actual delay. The virtual-cell counter decrements a value that cor-
responds to the delay measured in TCK cycles. When the count
reaches zero, TDO data shifts into the test controller.

on the rising edge of TCK ¢ (t,). Thus, the time available
for the TDO signal to travel from the last boundary-scan
output on the target to the test controller amounts to half the
TCK period.
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PIC16HV616 Yes 3.5 KB/2 Kw Full bridge 8 MHz

* Capture, Compare, PWM

For fan control application notes, reference designs and
related code examples, visit www.microchip.com/fancontrol.
Microchip also offers a full line of stand-alone fan controllers
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Assume a 10-MHz TCK frequency, or a 100-

to determine the number of cells to add to the

nsec period. In this case, the TDO data must
travel from the last DUT in the chain to the test
controller in 50 nsec or less. If you assume a cable
propagation delay of 5 nsec/m, you must use a
10m or shorter cable.

Now, assume that you have a remote target
system and that you cannot control the delay. If

Go to www.edn.

com/ms4209 and
click on Feedback
Loop to post a com-
ment on this article.

target system’s scan chain.

Consider a system in which the TDO data bits
received from the downlink module have a delay
of 1 to 2 sec, and the tester’s TCK output produces
a 4-MHz clock signal. In this case, the uplink
module must provide a buffer memory to store all
TDO information it received before the tester ex-

a network connection causes a 100-msec delay,

you could use a maximum TCK frequency of only 5 Hz (1/100
msecX =5 Hz), which would cause extremely long tests.
Thus, a system that relies on long cables or experiences net-
work delays must provide a means of overcoming the delay
without greatly reducing test times.

VIRTUAL CELLS SYNCHRONIZE TDO DATA

To let the TCK frequency run at a reasonable rate—which
depends on the communication channel’s bandwidth—and
to account for the communication delay, you can “add” vir-
tual cells to the end of the TDO chain in the target system.
These cells do not exist. You simply adjust the test software
to include these nonexistent cells in the scan chain. As a
result, the test software delays accepting the target system’s
TDO data for the time it would take the TDO data to shift
through these additional cells (Figure 5). Utility software
measures propagation delay and communication-link speed

pects to receive it. The buffer could require 4 to 8
Mbits of storage, which DDR-memory devices could provide.

In the uplink module, a FIFO memory buffers the TDO
data and compensates for the measured delay (Figure 6).
As soon as the uplink module starts to send relevant TDI
information to the downlink module, it loads the virtual-cell
counter with a value that corresponds to the communication
delay as expressed in TCK cycles.

Simultaneously, the uplink module temporarily stores in
the FIFO memory the TDO bits it receives from the downlink
module. Each TCK cycle decrements the virtual-cell counter
until it reaches zero. At that time, the controller starts to
continuously shift out the accumulated TDO bits at the TCK
rate. Thus, the combination of the added virtual cells in the
TDO chain and the FIFO properly synchronize the TDO bits
with the test controller’s TDO input.

One objective is to efficiently transmit test data for multi-
tap test applications within a single data packet. During the
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critical that your design is protected with the correct circuit protection.
Your reputation depends on it.

One call to E-T-A will ensure your design has the right circuit protection
technology to enhance your products safety, reliability and brand
reputation.

Go to www.e-t-a.com/ipod10 for your chance to win one of

10 video iPods®
EQIF/AN

Circuit Protection & Control

WWW.E-T-A.COM
1-800-462-9979




It’s just this simple

New o -
Tiny Schottky 4 individual SMA Schottky Rectifiers
Bridge Rectifier in a bridge configuration
CBRHDSH1-40L and
Central’s New High Density Schottky Typical Applications
Bridge Rectifiers * Voice over IP (VoIP) * Modems
. HD DIP e Power over Ethernet (PoE) e Laptops
The new Central Semiconductor CBRHDSHI-40L  actual sice « Networki . i o Data | toct
(1A, 40V, Low V) and CBRHDSH2-40 (24, 40V) % etworKIng equipmen ata Ine protection
. . V. £ e Any circuit requiring a small energy efficient Schottky
are full wave glass passivated Schottky bridge o £~ % & brid s
o ) S ge rectifier
rectifiers manufactured in a durable HD DIP 7
surface mount package. Designed for applications requiring a Features

smaller and more energy efficient alternative to a standard bridge o [ow VE (0.39V typ. for CBRHDSH1-40L)
rectifier, these new devices are ideal for today's latest electronic o Pp Free and RoHS compliant
product designs. 60V and 100V devices are under development. o HD DIP utilizes 50% less hoard space compared

with 4 individual SMA devices
( Free Samples ’

Samples available from stock. [ H] [ H] |+ |1
To order, visit: www.centralsemi.com/sbr

S I

JII v

Rolis (PH eEED s oo
ENERGY EFFICIENT DEVICE
Compliant

Pb-Free Plating

central

Semiconductor Corp.

Transistors Transistors Devices

Schottky Bridge Rectifiers / Thyristors E/Tras':‘s;;?ésvsoggge V TLMs \

Rectifiers

Small Signal Bipolar Power Energy Efficient F MDMs

www.centralsemi.com

145 Adams Avenue, Hauppauge, NY 11788 USA ¢ Tel: (631) 435-1110 - Fax: (631) 435-1824



uplink-encoding process, you store test
information as a 16-bit block for every
TCK cycle. This 16-bit block contains
the boundary-scan information—TDI,
TMS, and optional signals—for a
maximum of four individual bound-
ary-scan chains. To efficiently use the
communication channel’s bandwidth,
the downlink module encodes four
TDO bits for each of the four chains
into a 16-bit block.

To ensure that the downlink module
transmits only relevant TDO data, the
module includes a state machine that
determines when the target TAPs are
in the shift state. Similarly, the uplink
module provides a state machine that
synchronizes events that occur at the
target system.

In this way, the uplink can recognize
valid TDO data and transmit only the
valid bits to the test controller for com-
parison. As a result, the uplink module
can compensate for the round-trip
transmission delay of potentially many
TCK periods with the inclusion of a
“virtual component” (figures 5 and 6).

MEASURING LATENCY

A software utility establishes the
communication channel between the
uplink and the downlink modules, and
it performs a loop-back test to measure
the latency in the channel. Based on a
latency calculation, the utility config-
ures the proper number of virtual cells
to add to the boundary-scan chain the
test software will “see.” The software
may add some overhead in the calcula-
tion to ensure that, once the virtual-
cell counter reaches zero, the FIFO
memory provides valid TDO data. In a
point-to-point channel with a known
latency, the software utility can simply
establish the uplink-to-downlink con-
nection and configure a preset number
of virtual cells.

This approach to remote boundary-
scan testing has limits, due to the need
to partition test-bit patterns into sepa-
rate data packets, the size of which de-
pends on the protocol you choose. These
packets can contain a high proportion of
overhead information, which decreases
the bit efficiency of transmissions.

In addition, the process requires a

downlink controller that extracts TDI
and TMS information from each packet
and distributes these signals through-
out the target system. The downlink
also must temporarily store the resulting
TDO data before transmission to the
uplink at the test controller.Ebn

REFERENCES

M Reis, | and M Simonen, JTAG-
testausjarjestely, Finnish patent Fl
110724 B, March 14, 2003.

A Reis, | and M Simonen, JTAG Testing
Arrangement, US patent US 6807644
B2, Oct 19, 2004.

A Reis, | and M Simonen, JTAG Test-
ing Arrangement, European patent EP
1189070 B1, May 4, 2005.

M Reis, | and M Simonen, JTAG-
testilaitteisto ja-testausjarjestelma,
Finnish utility model FI 5706, Feb 26,
20083.

A Reis, | and M Simonen, JTAG
Testing Arrangement, PCT (Patent
Cooperation Treaty) patent application
WO2004/046741 A1, June 3, 2004.

AUTHOR’S BIOGRAPHIES
Marc van Houcke is a design engineer at
JTAG Technologies. He holds a bachelor’s
degree in digital electronics. For the last
nine years, he has worked in design and
development of boundary-scan controllers
and related tools. He has also provided
application and design-for-test support and
has trained other engineers.

Anthony Sparks has more than 12 years
of experience in test engineering, and
he has focused on in-circuit and bound-
ary-scan test. He currently works as a
technical-marketing consultant at JTAG
Technologies. His duties include participat-
ing in IEEE Standards Working Groups,
assisting customers with system-level and
advanced boundary-scan implementations,
and developing strategic partnerships.

ACKNOWLEDGMENT

Thanks go to Ilkka Reis of Patria Advanced
Solutions and Mikko Simonen with Nokia
Mobile Phones in Finland, who developed
the patented TapSpacer technology.

—

No two circuit breaker
applications are alike

Only E-T-A offers
more technologies

X8345-D01

ﬂ Modular power
distribution system

handles 125 A per channel in
2U-height for 19" or 21" and
ETSI racks.
www.e-t-a.com/x8345edn

ESX10
Compact Electronic Circuit
Protector allows selective
disconnection of loads
connected to 24VDC switch-
mode power supplies.
www.e-t-a.com/esx10edn

E-1048-800
Remote power
controller utilizes
“SMART?” circuit
protection tech-
nology. Circuit
breaker, relay,
analog output,
and diagnostics
in a single unit
www.e-t-a.com/e1048edn

[E=1=/A\

Circuit Protection & Control

WWW.E-T-A.COM
1-800-462-9979

Iy

“’l!'l}




Ultimate Connectivity

Low-Powel Transceivers
100 Mbps = 3- Gbps, <100 mW

VIRTEX" Reduce serial I/O power, cost
</ and complexity with the world’s
first 65nm FPGA:s.

With a unique combination of up to 24 low-power transceivers,
and built-in PCle™ and Ethernet MAC blocks, Virtex-5 LXT FPGAs
get your system running fast. Whether you are an expert or
just starting out, only Xilinx delivers this complete solution to

simplify high-speed serial design.

Power ption and area req i to
a typical design including 8-lane PCle endpomt

N e N - Lowest-power, most area-efficient serial 1/0 solution
T userLogic - RocketlO™ GTP transceivers deliver up to 3.2 Gbps connectivity
g = 3 User Logic at less than 100 mW to help you beat your power budget. The
g 3 pCle 2 embedded PCl Express® endpoint block ensures easy implemen-
o ©
§ g tation and reduced development time. Embedded Ethernet MAC
v blocks enable a single-chip UNH-verified implementation. And
. e
static Poweer the Xilinx solution is fully supported by development tools,
Virtexc5 T Nearest Virex5 T Nearest design kits, IP, characterization reports, and more.
FPGAs Competitor FPGAs Competitor
(65nm) (90nm) (65nm) (90nm)
S e ey RAM, 6 5P Blodke 1o 30w 105 Visit our website today, view the Webcast, and order your free

Based on Xilinx tool v8.2 and competitor tool v6.0.1

eval CD to give your next design the ultimate in connectivity.

S XILINX

The Programmable Logic Company™

www.xilinx.com/virtex5

The Ultimate SM'ﬁltlﬁlmII‘mI{ﬁlglfl'lﬁI":ﬁlMIIﬂlﬁlIltlg‘;mIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\

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



[ IR TR S RN R T - R R i
NI CompactRIO

In-Vehicle Data Acquisition System

National Instruments CompactRIO is a small, rugged, and modular data acquisition
system ideal for operation in harsh environments. You can easily configure and
program CompactRIO for a variety of in-vehicle testing applications using
National Instruments LabVIEW graphical programming tools.

Rugged Platform
-40 to 70 °C temperature range, 50 g shock,
no moving parts

Modular 1/0

Temperature, strain, acceleration, sound,
voltage, current, digital, encoders, Controller
Area Network (CAN), and other sensor types

= e e

W NATIONAL
) INSTRUMENTS

Stand-Alone or Networked Operation
10/100 Mb/s Ethernet port for networking
systems and RS232 port for connection to
operator terminals

Data-Logging Capabilities
Built-in and removable nonvolatile storage

DC Powered
7to 10 W typical power consumption

Custom Timing for 1/0
Simultaneous sampling, flexible triggering,
I/0 synchronization, and fast response times

Applicaﬁﬁns

¢ Data logging e Automotive

e Durability testing e Military

¢ Vehicle dynamic testing e Aerospace

* Brake and suspension system testing e Railroad

e Crash testing e Agricultural

* Noise, vibration, and harshness (NVH) e Recreational

e ECU rapid control prototyping ¢ Mining/construction
¢ Hardware-in-the-loop (HIL) test e Marine

‘7 NATIONAL
’ INSTRUMENTS'



To learn more about CompactRIO, visit ni.com/compactrio.

Rugged Platform

The mechanical design of CompactRIO creates a system that can withstand the rigors of any
in-vehicle testing environment. CompactRIO is rated for -40 to 70 °C operating temperature
range, 50 g of shock, and up to 2,300 Vs isolation (withstand) and maintains international
safety, electromechanical compliance (EMC), and environmental certifications.

Customer User Interface

& CompactRI0 Logaing Program. vi Front Panel on CompactRIO Data Logger lvptojl... - |0

User-configurable, Web-based G W T — r i e S <]
. 4 o 3 it estcaenrort 1~ |3 ] [ [ e e o e
interface for real-time monitoring L [&l®l elm s 1 S - Y Tal e et s [ el
and user interaction CompactRIO In-Vehicle Logging Program
Reconfigurable Chassis
Custom timing, triggering, |
and processing |
: ||
| Vibration Acquisition Rate ing Path |
| Logging
Real-Time Controller ! soksls | £C:\Data.bin T
Stand-alone operation, | Tachometer Acquistion Rate e
data logging and processing | 200,45 s [Thermocouple Acquisition Loop!
I f Thermocouple Acquisition Rate Tachometer M| || | mmroions femmmon
| , 10S/s STOP Temp
;‘ ' ;
| ' LabVIEW Programming
Easy-to-use graphical
88.1 mm (3.47 in.) | o1 Aregrameing fools

— Plug-In 1/0 Modules
Built-in signal conditioning
and isolation

Integrated Connectivity
Built-in connector blocks

10/100 Mb/s Ethernet
Data streaming, FTP, and Web servers

Powered by LabVIEW

With CompactRIO, you can create a custom and intelligent in-vehicle data-logging and
analysis system using LabVIEW graphical programming tools. Quickly program and
configure CompactRIO for any in-vehicle application in five steps:

1: Develop LabVIEW program on your PC

2: Download the program to CompactRIO

3: Deploy CompactRIO to vehicle to acquire and log data

4: Transfer data from CompactRIO to your PC

5: Analyze data with NI LabVIEW and DIAdem



Most Popular CompactRIO In-Vehicle I/0 Modules

/0 .~ Sensor and Signal Type
Temperature Thermocouple NI'9211 4
SEe |IEPE Sensors
Sound and Vibration (Accelerometer/Microphone) NI 9233 4
: Bridge-Based Sensors
Strain and Load (Strain Gages and Load Cells) NI 3259 4
+200mVto £10V NI 9205 32
Voltage
+60 V NI 9221 8
Fuel Cell +200 mVto 10V NI 9206 16
Digital /0 5V/TTL NI 9401 8
Memory Storage Secure Digital (SD) Storage NI 9802 2
CAN Communication  2-Port, High-Speed CAN NI 9853 2

~ Module Channels Special Features

24-bit delta-sigma, 15 S/s, differential
(J,K,R, S, T,N, E, and B thermocouple types)

24-hit, 50 kS/s, simultaneous, |[EPE conditioning, built-in antialiasing

24-bit, 50 kS/s, simultaneous, full/half/quarter-bridge

support, antialiasing

16-bit; £200 mV; +1V, £5V, and +10 V programmable ranges; 250 kS/s;

32 single-ended

12-bit, 800 kS/s, single-ended, isolation

16-bit; 200 mV; 1V, 5V, and +10 V programmable ranges; 250 kS/s;

16 differential channels; 600 VDC (U.S.)/400 VDC (EU) CAT | bank isolation
100 ns, 5V TTL, high-speed digital I/0, bidirectional, isolation,

30 V protection

2 slots for SD cards, up to 4 GB per module, 2 MB/s logging rates

Transmit/receive 100% bus load at up to 1 Mb/s, ISO 11898 compliant,
11 and 29-bit arbitration, standard DB-9 male connector for each port

For a complete list of more than 30 CompactRIO I/0 modules, visit ni.com/compactrio.

Connectivity to Any Sensor Type

CompactRIO provides more than 30 I/0 modules for connecting
to any in-vehicle sensor, actuator, and network. CompactRI0
modules contain built-in signal conditioning for sensors such
as thermocouples, RTDs, strain gages, accelerometers, and
microphones as well as isolation.

Signal Processing and Analysis

CompactRIO can perform processing and real-time analysis.
NI LabVIEW contains more than 600 built-in analysis
functions to perform advanced digital signal processing
on any sensor signal.

Stand-Alone or Networked Operation
The CompactRIO controller contains an embedded
real-time processor for intelligent stand-alone
operation and includes Ethernet and serial
ports for connection to host computers
and peripherals. With dual 9to 35V
(6to 35 V during operation) power
supply inputs, you can power
CompactRIO directly from a
vehicle battery.

1/0 Timing and Synchronization

With CompactRIO, you can customize the sampling rates

on a per-module basis. CompactRIO can acquire temperature
measurements at 10 S/s while monitoring vibration measurements
at 50 kS/s. You can also synchronize all I/0 within a CompactRIO
system with nanosecond resolution.

Stand-Alone Operation

Strain Gages
N N In-Vehicle CAN Network

[h

Multichassis
Synchronization

Nonvolatile Storage
for Data Logging '
|

'
In-Vehicle CAN Network !

'
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'

'

'
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'

'
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Fuel Cell Vullage 5
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Strain Gages

“The advantage of National Instruments CompactRIO is its small size and flexibility.
With CompactRIO, we created a portable, user-defined onboard vehicle analysis

and diagnostics system.”

Rainer Lindner, Hardware Engineer at GOPEL electronic



“The small size and ruggedness of the CompactRIO
platform made it the ideal solution for an in-vehicle
test system that could survive in the harsh environment

of our test course.’

Andrew Leslie, Systems Engineer at PACCAR

High-Speed Control

For control applications such as rapid control prototyping,

CompactRIO permits closed-loop control at extremely fast rates.

Using any of the I/0 modules, you can program CompactRI0
to respond to incoming CAN, analog, or digital data and make
decisions at rates up to 40 MHz.

Build Custom In-Vehicle 1/0 Modules

You also can develop custom modules to meet

specific in-vehicle I/0 needs. Third-party companies

have built the following modules for CompactRIO:

¢ GPS monitoring and synchronization module

e GPRS wireless communication module

e GSM wireless data exchange module

e Local Interconnect Network (LIN)
communication module

¢ ARINC-429 avionic protocol module

¢ MIL-1553 mil/aero protocol module

¢ ECU prototyping modules

This custom module
from S.E.A. includes
both wireless GSM
and GPS functionality.

Visit ni.com/compactrio to download FREE application notes
and example programs for:

e In-vehicle data logging

¢ NVH measurements and analysis

e \/ehicle dynamics testing

« Rapid control prototyping and HIL applications

CompactRIO Specifications

‘Parameter
Physical/Environmental

Dimensions (4-Slot System)

Weight (4-Slot System)
Temperature Range
Shock Rating

Vibration Rating

1/0 Modules

Channel Density
(Channels per Module)

Analog Resolution

Maximum Analog Input Rate

Analog Input Range

Analog Input Signal
and Sensor Types

Maximum Analog Output Rate

Analog Output Range
Digital Logic Levels

Maximum Digital 1/0 Speed

Isolation (Withstand)

Removable Nonvolatile Storage

Real-Time Controller
Dual DC Supply Inputs

Typical System
Power Consumption

Built-In Nonvolatile Storage

Serial Port
Ethernet Port

Reconfigurable FPGA Chassis

1/0 Module Slots
FPGA System Gates

Maximum Analog Control

Loop Rate

Maximum Discrete Control

Loop Rate

" Specification

179.5 by 88.1 by 88.1
(7.07 by 3.47 by 3.47)

2.55 (5.63)
-40 to 70
50
5

4,6,8, 16, or 32

12,16, or 24
800
+.08 to +60
Voltage, current,

thermocouple, RTD, strain,
load, acceleration, sound,

fuel cell, CAN
333

+10 (£20)
5(TTL), 12, or 24
30
2,300
up to 20

9to 35 (on power-up)

6 to 35 (during operation)

7t0 10

up to 512
RS232
10/100

4or8
lor3

200

10

Units

mm (in.)

kg (Ib)
o
g
g

Channels

Bits
kHz
v

kHz
V (mA)

MHz

Vims
GB

MB

Mb/s

Slots

kHz

MHz

ni.com/compactrio ® (800) 811 9573 ¢ info@ni.com

© 2006 National Instruments Corporation. Al rights reserved. CompactRIO, DIAdem, LabVIEW, National Instruments, NI,
and ni.com are trademarks of National Instruments. Other product and company names listed are trademarks or trade

names of their respective companies. 2006-7303-161-101-D
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BY BENOIT SCHILLINGS < TROLLTECH

Tapping Linux as an
application framework
for consumer electronics

IN THE HIGHLY COMPETITIVE CONSUMER-ELECTRONICS
INDUSTRY, PRODUCT LIFE CYCLES ARE NOTORIOUSLY SHORT,
AND DOWNWARD PRICE PRESSURES ARE CONSTANT. AS A
RESULT, ELECTRONICS MANUFACTURERS MUST PRODUCE
CONSUMER DEVICES FASTER THAN EVER AND REDUCE

OVERALL COSTS AND TIME TO MARKET.

onsumers today have demonstrated an insa-
tiable appetite for new electronic gadgets—
from mobile phones to media players to car
navigation systems. At this year’s International
Consumer Electronics Show alone, consumer-
electronics manufacturers unveiled more than
20,000 new products. Consumers are forever raising the bar of
expectation for electronic devices, demanding that companies
be more responsive to their needs. It’s no wonder that a con-
tinuous drive toward innovation characterizes the electronics
industry, more than any other. To beat the competition in this
business environment, electronics manufacturers must keenly
focus on product design and developing innovative devices
that are relevant and that resonate with consumers.
Although many consumers continue to think of electronic
devices simply in terms of the outward-facing physical
structure and style of these hardware platforms, the most
innovative and successful products on the consumer-elec-
tronics market owe much of their success and popularity to
the software component for their ingenuity and differentia-
tion. When looking at the development costs for embedded
devices, software remains the single most expensive portion
and most difficult system component to manage. Without
question, software—not hardware—has emerged as the
dominant factor in the cost, time to market, and risk of the
product development of electronic devices.

EXPONENTIAL CHANGE

Developers of embedded devices have traditionally created
their own in-house software, which was relatively simple
and targeted increasing the performance of these stand-
alone devices. They essentially created devices with simple,
single-function applications and hardware-centric designs,
which they often built on single-processor architectures.
However, that approach has changed significantly over the
last few years. A trend toward growing software complexity

Figure 1 Linux mobile-development devices, such as Trolltech’s
Qtopia Greenphone, allow you to create applications.

OCTOBER 26, 2006 | EDN 93



characterizes today’s embedded devices, in
which embedded software represents the bulk
of the development cost and schedule. In the
past, developing software from scratch for
each embedded-system project was the norm.
This do-it-yourself model was straightforward
and worked well for many years. Now, that
old way of embedded programming has given
way to the need to reuse software and build
on software using commercial third-party
applications.

The mobile and wireless market is one of the
key drivers of consumer electronics. These
days, it’s not uncommon for smart phones to
have millions of lines of software code. (For
more on smart phones, see this issue’s cover
story, “Mobile makeover,” on pg 54.) Given
this level of complexity, it’s not surprising that
many electronics manufacturers now employ

OPEN OR PROPRIETARY API

EMBEDDED LINUX

Figure 2 With a platform application framework, developers can create Linux-
based devices requiring a rich multiple-application user experience.

more software engineers than hardware

engineers. After all, software makes a consumer-electronics
device more flexible and usable, and the user interface, which
the software supports, ultimately has the most impact on the
quality of the user experience.

Driving the consumer-electronics market is a strong demand
to maximize the user-interface experience with applications
that require richer content, resulting in devices that have
greater software complexity. Nevertheless, an electronic
device can have all the functions in the world, but usability

HAVING THE SOFTWARE-DEVELOP-
MENT TOOLS TO CREATE A HIGH-
QUALITY EXPERIENCE IS CRITICAL
TO CREATING DEVICES THAT WILL
BE SUCCESSFUL IN THE MARKET.

is the feature that differentiates a successful product from an
unsuccessful one. Having the software-development tools to
create a high-quality experience is critical to creating devices
that will be successful in the market.

THE LINUX SOLUTION

Because manufacturers now base the differentiation of con-
sumer-electronics devices on the user interface, the need for
a flexible application framework is increasingly paramount to
meet requirements. The problems for electronics manufactur-
ers are how to continue to attract consumers with enticing
new features for their devices, manage the development
process, minimize risks, and handle cost and time-to-market
constraints. Selecting a software platform is the most impor-
tant decision a consumer-electronics manufacturer makes in
the design process. Manufacturers are increasingly looking to
Linux as a platform on which to standardize development,

94 EDN | OCTOBER 26, 2006

significantly cutting cost and time to market and retaining
control over the features and functions of their devices.
Linux has emerged as a mainstream technology in the embed-
ded-system world and is the fastest growing operating system
in the mobile-device market. The choice to go with Linux
and the tools that support it has profound implications for the
electronics industry, which has—with good reason—adopted
Linux for mobile phones, PDAs, and other consumer
devices.

Open-source Linux is robust, powerful, fast, secure, and
free. The open-Linux standards are widely available, sup-
port reuse, and provide increased compatibility with tech-
nologies from other vendors. These tangible benefits from
Linux represent an opportunity for consumer-electronics
manufacturers to speed their product-development efforts
and to provide devices to the market that are both low-cost
and easy to use.

Independent research company Venture Development
Corp (www.vdc-corp.com) has forecast that the market for
embedded-software services for Linux-based devices will
continue on an upward trend through 2007. In a recent
report, VDC notes several factors, including demand from
developers for access to and control of source code, which
the open-source software model permits, helping to drive
demand for Linux in the embedded-system market. VDC
also notes developers’ demand for royalty-free runtime
software.

A plethora of consumer-electronic devices has incorpo-
rated Linux. Leading Chinese telecom manufacturer and
wireless provider ZTE (www.zte.com) recently announced
the advanced Linux-based €3 smart phone, which most in
the industry consider one of the most important smart-phone
projects in China. Motorola’s (www.motorola.com) A760
smart phone in 2003 was the first handset from the company
to use Linux, making the open-source operating system the
cornerstone of Motorola’s software strategy for mobile devices.
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Scores of other leading electronics manufacturers
have followed suit, lending credibility to Linux
(figures 1 through 3).

INNOVATE AND DIFFERENTIATE

With full source code and documentation
available, developers working with embedded
Linux can easily modify and integrate other
technologies to create distinctive electronics
devices, freeing them to focus on value-adding
innovation rather than on maintaining software.
However, using Linux as a kernel is insufficient
for manufacturers to truly innovate and differen-
tiate products. Application developers must use
an application framework that includes a power-
ful, rich, and fully documented API (applica-
tion-programming interface). An API provides a
defined method for developing application soft-
ware, greatly simplifying software development

OPEN OR PROPRIETARY API

EMBEDDED LINUX

Figure 3 Some application platforms and user interfaces target Linux-based
mobile phones.

and reducing development cost and time.

Hardware-independent APIs enable consumer-device
manufacturers to write an application once and deploy it
across many platforms—an important feature. When it comes
to consumer devices, manufacturers are constantly chang-
ing the hardware. Apple (www.apple.com) has changed its
successful iPod hardware at least five times since launching
in 2001. October 2005 marked the release of the fifth-gen-
eration iPod model. By the same token, consumer-electronics
manufacturers can’t afford a situation in which their software
implementation has hardware limitations. Having minimal
hardware dependencies that can run unchanged on most
standard embedded-Linux setups is optimal, but being able
to take advantage of hardware-specific accelerations is also
beneficial.

For instance, application frameworks must dynamically
take advantage of graphics acceleration, or availability of
multiple CPUs. In other words, these frameworks must pro-
vide a good abstraction for the hardware without compro-
mising the efficient use of hardware resources. A framework
should make it easier to take advantage of the full potential
of the hardware, especially in a case of multiple hardware
platforms. Device makers need a robust, customizable devel-
opment platform for creating complex-application devices
that embedded Linux powers. This application framework
should include a comprehensive set of libraries and graphi-
cal tools to help organizations quickly and cost-effectively
create embedded-Linux-based products. Linux and this kind
of open-source-development platform can reduce fragmen-
tation and the lifetime costs of divergent product lines. In
addition, the application framework should build on the
security features of Linux to protect the integrity of devices
and the network when downloading and running native
applications.

A cross-platform application framework should also offer
a well-defined development environment for new features,
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including input methods, fonts, modem drivers, media
codecs, and other facilities. It must also include pre-integrated
applications, allowing manufacturers and designers to build
feature-packed devices. The trend is to increase the features
of devices and lower the per-unit cost. Device manufacturers
are competing to create products that incorporate the latest
technology that can accommodate media-rich content and
bring them to the market before their competitors do. These
device manufacturers are in the unenviable position of hav-
ing to add new cutting-edge features and software to their
products and operate under constant pressure to reduce the
time for designing, prototyping, testing, and manufacturing
these increasingly complex devices.

The market for consumer-electronics devices, in which user
interfaces play a critical role in customer adoption, is seeing
explosive growth due to Linux and application frameworks
that ease and speed up development of these devices. Linux
provides manufacturers with a great degree of independence
and control—attributes that have quickly led to Linux’s
becoming a standard platform for device design.Epn
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BY BORIS LERNER - ANALOG DEVICES

Application dictates choice:
fixed- or floating-point DSP?

CHOOSING BETWEEN FIXED- AND FLOATING-POINT
IMPLEMENTATIONS CAN BE DIFFICULT. A COMPARISON OF ONE

OF EACH TYPE OF PROCESSOR AND SOME SAMPLE APPLICATIONS
HIGHLIGHT SOME OF THE PROS AND CONS OF EACH APPROACH.

ithout a doubt, many algorithms can
benefit from employing a floating-point
implementation. The code can be simpler
and take fewer cycles to execute than
fixed-point implementations. However,
these benefits do not really matter that
much to end designers. Fewer designers are coding in assem-
bly language, because compilers are getting better; coding
fixed- or floating-point implementations in C takes similar
complexity. Designers can write floating-point code for a
fixed-point processor in C, but doing so causes a significant
performance hit. What matters to end designers is the final
system’s performance, as well as the cost and time to market.

Today’s designers have myriad processors from which to
choose. Analyzing and comparing all fixed- and floating-
point processors is impractical, so this article compares and
analyzes a fixed-point ADSP-21531 Blackfin processor and a
floating-point ADSP-21375 SHARC. Both of these devices
are available for approximately $5 in similar quantities. A first
thought might be that, given a similar silicon price, designers
should choose the floating-point processor because it can
perform the floating-point operations now and in the future
should floating-point processing becomes necessary. But a
similar price for the silicon does not always translate into
a similar price for the end system. For example, performing
floating-point operations uses more power than using fixed
point for similar tasks. This scenario could mean increased
cost in the power-supply design, among other things. In
general, each type of application would favor one processor
type over the other.

To illustrate, consider applications for a military radar, a
mobile television, a professional-audio-effects processor, and
an automatic echo canceler in a hands-free portable device.
The selection of these applications is not entirely random.
These examples illustrate a case in which the fixed- or float-
ing-point processor is a clear winner, in which the answer to
the question of which type of processor to use is somewhat
unclear and requires more in-depth analysis, or in which the
choice can be misleadingly simple. No real-world analysis of
this type would be complete without considering the use of

on- and off-chip ASIC-hardware coprocessors and FPGAs

to offload some of the signal-processing tasks from the DSP.
Exploring these options is outside the scope of this article,
but such analysis should be part of such a comparison.

COMPARISONS

Finding the maximal absolute value of a self-ambiguity
function lies at the heart of a military-radar application. This
function arises as the result of the cross-correlation of a sent
test signal with the received echo. The following equation
gives such a function:

Alxy)= | S(t - %)s(t + %) ity g

—oo

This equation is the integral of a function against an exponen-
tial, and you can compute it using FFT (fast-Fourier-transform)
techniques. Floating-point operation is great for computing
large FFTs, and no drawbacks exist to using a floating-point
processor here. Power is not a major issue as long the heat from
the processing can vent so that the processor is not glowing red.
The cost of the device is not a major issue, either, because pro-
cessors constitute a fraction of the cost of the complete system.
As a matter of fact, a designer would be unlikely to choose even
the sample SHARC device because, for this task, the point
is to pack as much processing power as possible into a square
inch. Available higher performance floating-point devices with
higher processing density would be more appropriate.

Choosing between fixed- and floating-point operation for a
mobile-television application is another easy analysis. Mobile
TVs have little need for floating-point processing. The bulk
of the signal-chain processing resides in standard decoders,
such as MPEG-2, MPEG-4, JPEG-2000, and H.264. These
algorithms aim for implementation in fixed-point processing;
the greater precision and dynamic range that floating-point
operation offers is not only unhelpful, but also unusable,
because the algorithms are, in general, bit-exact.

Video codecs use some form of DCT (discrete-cosine trans-
form) for the frequency domain. On the surface, floating-
point operation appears more suitable for DCT computations.
Floating-point computations would produce a more precise
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DCT. However, these DCTs target fixed-point arithmetic,
and they are bit-exact; more precision is simply wrong here.

Much of the video-codec processing resides in the control
code, so no need exists for floating-point operations here,
either. Looking at the two processors, the Blackfin’s video-
acceleration instructions, which accelerate the performance
of video algorithms, further strengthen the decision in favor
of the fixed-point processor. Additionally, power consump-
tion in the mobile-system market is critically important, so
floating-point arithmetic is an expensive luxury. This situa-
tion clarifies the decision for the fixed-point processor.

LESS OBVIOUS

The results of the fixed-versus-floating-point comparison
for a professional-audio-effects processor are less obvious. Un-
like the mobile-system example, this application has no hard
limit on power consumption because audio-effects processors
usually plug into a wall outlet. So, unless the processor is so
hot that it requires forced cooling—and resultant increased
cost—to keep it from melting the solder balls, the compari-
son of power between the two options comes down to the
cost of the power supply.

For example, for an effects processor that has to do a La
Scala reverberation, a designer would go to the La Scala opera
house in Milan, Italy, and measure its impulse response until
the final echo fades away. Implementing this impulse response
models the hall’s reverberation. Or the designer could cheat
and download the already-measured impulse response from
a Web site. The impulse response for this example is about
2 sec long. Using a 96-kHz sample rate—the middle ground
between 48 and 192 kHz—this scenario translates into
192,000 samples in the FIR-delay line. To precisely imple-
ment the reverberation, the effects processor would need
to use a 192,000-tap FIR. Directly doing a 192,000-tap FIR
would require 192,000 multiplications per output sample. At
96,000 samples/sec, this scenario would mean doing almost
18.5 billion multiplications/sec.

For the total processing requirements that this application
needs, the designer must multiply this figure by the number
of output channels, add any necessary processing, and allow
some performance head room for future expansion. After
performing all of these steps, the processing requirements for
this example come to approximately 100 billion MACs (mul-
tiply-accumulate) operations that need to preserve the 24-bit
precision throughout the processing. A designer could have
100 processors performing in parallel, but the resulting selling
price and size of the box would most likely have a negative
effect on its sales. Thus, some tweaking is necessary, and the
tweaks available depend on the choice of processor.

Floating-point processing is good for performing large FFTs,
so you can implement the FIR in the frequency domain. One
commonly used algorithm for this approach is the overlap-add
FFT, which basically computes large FFTs from smaller ones.
For this example, choose a 1024-point window for computing
an overlap-add FFT. The floating-point processor can perform
a 1024-point complex SIMD (single-instruction-multiple-
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data) FFT in approximately 9200 cycles. Thus, to compute
1024 samples of outputs, the application needs to perform a
1024-point FFT, followed by 1024 complex multiplications,
followed by a 1024-point inverse FFT.

The multiplication operations are equivalent to 4096 real mul-
tiplications, which, on this SIMD processor, take 2048 cycles.
To compute 1024 outputs requires 9200+ 2048 +9200= 20,448
cycles, or about 20 cycles/output. The total number of required
cycles increases to approximately 100 cycles/output after
adding cycles for the zero padding necessary to perform an
overlap-add FFT, accessing external memory to bring in the
impulse response’s precomputed FFT, and multiplying by the
number of channels. At 96,000 samples/sec, the application
needs 9.6 million cycles/sec. In other words, this approach
consumes only 10 MIPS of the floating-point processor’s
processing budget.

For the fixed-point processor, the FFT implementation
runs into major issues. A 1024-point FFT/inverse-FFT combi-
nation has a gain of 1024, or 10 bits. To avoid overflow dur-
ing the computation of the FFT/inverse FFT, the system must
shift down the signal by 10 bits. To preserve the 24-bit resolu-
tion, the implementation must keep 34 bits in the arithmetic.
Because analog design usually cannot keep up with 24 bits
of conversion in its SNR (signal-to-noise ratio), you need to
keep 32 bits in the arithmetic to yield 22-bit performance.

A 16-bit fixed-point processor has to perform four multi-
plications and a few shifts and additions to compute a 32-bit
multiplication. It is possible to reduce this number down to
three 16-bit multiplications by not computing the last bit,
but the math is then 31 bits, and the SNR performance is
21 bits. These values may no longer be good enough for the
professional-audio market. In the case of the fixed-point
processor, the amount of math increases by a factor of six, and
the design needs 60 MIPS of its processing budget. The 60-
MIPS budget presumes that this amount is all the processing
that needs to take place, which is never the case.

At this point in the comparison, the choice is between the
cost of designing a system with the floating-point processor
running at 10 MHz and the cost of designing a system with
the fixed-point processor running at 60 MHz. At frequencies
this low, the dc leakage constitutes a significant chunk of the
power, making the frequency difference less relevant and,
thus, probably favoring the fixed-point processor. However,
as the processing requirements go up, the ac component
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and the factor of six in the
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point implementation runs
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the floating-point processor
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a high-quality SNR. In the
echo canceler, you use the
FFT only to compute the
time delay of the echo. In
other words, it computes
the parameter that you

is the correct choice.

In a different approach, a designer
could zero all but the dominant terms
and implement an approximation of
the required reverberation. So, by keep-
ing 1% of the terms nonzero, this sce-
nario becomes a 1920-tap FIR. An FFT
cannot do this task at all because an
FFT cannot selectively compute terms;
it must compute them all. The designer
would directly implement this FIR. This
situation means that the system imple-
mentation needs to perform 1920 mul-
tiplications per output sample. To keep
24-bit precision, multiply the 1920-cy-
cle count by six and divide by two; the
fixed-point processor can perform two
16-bit multiplies/cycle, or 5760 cycles/
output.

The system needs to support 2-GHz
operation after multiplying the 5760
cycles by the number of channels and
by the 96,000-MHz sample rate. The
system must also allow for the over-
head and new features. Zeroing 99.9%
of the impulse-response terms enables
you to do the design at 200 MHz. This
frequency is still higher than that of the
floating-point processor, even accept-
ing that the filter’s performance begins
to suffer.

In real life, professional-audio-effects
processors usually include more func-
tions than a reverberation. A designer
would have to analyze all the pieces of
the processing. In many cases, a float-
ing-point processor consumes less pow-
er than a fixed-point processor, in spite
of the fact that data-sheet power num-
bers suggest the opposite.

In a final example, an automatic echo
canceler in a hands-free portable device
often employs an FFT to compute cor-
relation to the reference signal. It may
appear that the previous example clear-
ly makes the point about FFTs; howev-
er, an important difference exists. In the
last example, the result of the FFT/in-
verse FFT is the actual signal that goes

then use to compute the
actual audio. Thus, a designer could get
away with doing an FFT in 16-bit preci-
sion, and doing so significantly changes
the cycle-count analysis. An additional
constraint is that the product is a hands-
free portable device. This scenario puts
a hard limit on the power budget so that
a larger floating-point processor simply
has too much dc-leakage power to be a
consideration.

In the straightforward cases, it is usu-
ally clear which approach is best; how-

ever, in grayer areas, this analysis can be-
come complex. Couple this complexity
with other considerations, such as ASIC-
hardware acceleration to offload some of
the processing; ease of programmability,
which affects time to market; and maxi-
mum dI/dt, which translates into cost for
the power-supply decoupling and board
layout, and this analysis can become an
even greater challenge. EDN
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PSoC microcontroller and LVDT

measure position

Sigurd Peterson, Sig3 Consulting, Aloha, OR

Connecting an LVDT (lin-

ear-variable-differential trans-
former) to a microcontroller can prove
challenging because an LVDT requires
ac-input excitation and measurement
of ac outputs to determine its mov-
able core’s position (Reference 1).
Most microcontrollers lack dedicated
ac-signal-generation and -processing
capabilities and thus require external
circuitry to generate harmonic-free,
amplitude- and frequency-stable sine-
wave signals. Conversion of an LVDT’s

output signals’ amplitude and phase
into a form compatible with a micro-
controller’s internal ADC usually
requires additional external circuitry.
In contrast with conventional micro-
controllers, Cypress Semiconduc-
tor Corp’s (www.cypress.com) PSoC
microcontrollers include user-configu-
rable logic and analog blocks that sim-
plify generation and measurement of ac
signals. PSoC devices have the unusual
feature of being able to generate analog
signals without demanding continuous
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CPU attention. The PSoC'’s flexible
analog and digital blocks can drive an
LVDT and measure its outputs without
requiring any external circuitry. Figure
1 shows the complete circuit of the
LVDT interface, and Figure 2 shows
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Figure 1 A single PSoC can excite an LVDT, digitize the position of its core, and present the data to an external LCD.
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Figure 2 The LVDT-interface circuit requires many analog functions.

the PSoC microcontroller’s internal

circuit blocks.

The PSoC uses pairs of user-con-
figurable switched-capacitor blocks to
implement both bandpass and lowpass
filters. You can create a high-quality
sine wave by generating a square wave
and applying it to a PSoC switched-
capacitor filter through a modulator
built into the first switched-capaci-
tor block. Passing the square wave
through a narrow bandpass filter
centered on the square wave’s funda-
mental frequency removes most of the

harmonics.

To obtain the highest fidelity sine
waveform from a PSoC switched-
capacitor bandpass filter, use the
highest possible oversampling rate—a
factor of approximately 33—or 33
steps per sine-wave cycle. The resul-
tant sine wave is smooth enough to
drive an LVDT, which attenuates
any residual higher order harmonics.
Scaling the PSoC’s internal voltage
reference with a programmable-gain
amplifier provides coarse control over
the square wave’s amplitude before it
undergoes filtering. To compensate
for the waveform’s dc-offset voltage,
an amplifier buffers the 2.6V internal
analog-ground reference and drives an
output pin that serves as the LVDT’s

analog-ground return.
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The LVDT’s output consists of a
variable-amplitude sine-wave volt-
age whose phase angle with respect
to the sine-wave excitation voltage
undergoes a significant and variable
shift that sometimes exceeds 180°. A
signal from the LVDT drives one of the
PSoC’s programmable-gain amplifiers,
whose output feeds a switched-capaci-
tor lowpass filter followed by a modu-
lator for synchronous rectification.
The rectified signal drives an output
pin and one of the PSoC’s switched-
capacitor ADCs.

Applying the LVDT’s output to a
synchronous rectifier followed by a
lowpass filter produces a dc voltage
that can feed an ADC or directly drive
an analog feedback-control system.
In a PSoC microcontroller, a lowpass
switched-capacitor filter connected to
an ADC requires that the same sample
clock drive both circuits, resulting in a
conversion rate for the PSoC’s 11-bit
delta-sigma ADC that’s approximately
one-half of the lowpass filter’s corner
frequency. Synchronous rectification
produces a ripple frequency twice that
of the excitation frequency and thus is
easier to remove with a lowpass filter.
Relocating the lowpass filter’s corner
frequency to one-third of the excita-
tion frequency allows measurements of
the LVDT’s output to 11-bit resolution

DC O

with a standard deviation of 1 LSB
(least significant bit) or less.

Dividing the PSoC’s 24-MHz: inter-
nal system clock with logic blocks
configured as counter chains gener-
ates all of the digital clock signals
the switched-capacitor analog-circuit
blocks require. After power application
or a reset, the PSoC’s CPU configures
all the configured analog and digi-
tal blocks and starts their operation.
From then on, the hardware excites
the LVDT and measures its output at
500 samples/sec without further inter-
vention by the CPU. With the PSoC’s
CPU running at 12 MHz, processing
the ADC’s housekeeping activities
and interrupts consumes less than 3%
of the CPU’s resources.

Plenty of the PSoC’s resources
remain available for calculating the
LVDT’s position and for displaying
the results in text format on an LCD
module. Four analog blocks, five logic
blocks, and many I/O pins remain
available to support a more demand-
ing application. Figure 3 (next page)
shows configurable blocks that are
available for adding features.EDN
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No Optocoupler Design for Fast Transient Response

Complex forward converter designs are a thing of the past. Our LT®3825 synchronous flyback controller brings a new level of
design simplicity to 10W to 60W isolated DC/DC converters. It features synchronous operation for high efficiency and excellent
thermal management, fast transient response for rapidly changing loads, and the capability to regulate multiple outputs without
optocoupler feedback. The LT3837 provides similar capability for an input voltage range of 9V to 36V.
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e Senses Output Voltage Directly from
Primary Side Winding-
No Optoisolator Required

» Synchronous Driver for High
Efficiency: 90% (3.3Vour)

e Qutput Regulation without
User Trims: 1% (3.3Vour)

e Switching Frequency from
50kHz to 250kHz

e Viy Range: LT3825: 36V to 72V+ 100ps/DIV

LTS 83 7: 9V to 36V AT, LTC, LT, LTM and PolyPhase are registered trademarks and
. o uModule is a trademark of Linear Technology Corporation. All
i Multlple Output Capab lllty other trademarks are the property of their respective owners.
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DIGITAL TEMP SENSOR
WILL NOT LOCK UP IC BUS

Industry Standard Pinout with Built-in Bus Reset and Timeout

Ideal for a variety of applications including industrial process control, notebooks, and office
electronics, the MAX7500/MAX7501/MAX7502 are small, low-cost, single temperature sensors
that accurately measure temperature and convert it to digital format. Temperature data can be
used to enable an overtemperature alarm, interrupt, or shutdown output. Internal bus-lockup
circuitry protects against communication errors by preventing slave devices from holding up
data lines due to noise. The MAX7500 features three address-select lines, while the MAX7501
and the MAX7502 offer two address-select lines and a manual-reset input.

T

LA

TEMPERATURE FAX MACHINE
RECORDER

¢ Timeout Feature Prevents Bus Lockup ¢ +2°C Temperature Accuracy

¢ 12C Bus Interface ¢ -55°C to 125°C Temperature Range
¢ 3.0V to 5.5V Supply Voltage Range ¢ Small MSOP and SO Packages
¢ Low 250pA Supply Current ¢ Improved LM75 Second Source

*Future product—contact factory for availability.

INAXI MV

www.maxim-ic.com

FREE Temperature Sensors Design Guide—Sent Within 24 Hours!

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

M AKX/ BRALLAS

NOW.  ——ayneT

ARROW ELECTRONICS, INC. ele
1-888-MAXIM-IC 1-800-777-2776 1-800-332-8638

ctronics marketing

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, Digi-Key, and Newark.
The Maxim logo is a registered trademark of Maxim Integrated Products, Inc. The Dallas Semiconductor logo is a registered trademark of Dallas Semiconductor Corp.
© 2006 Maxim Integrated Products, Inc. All rights reserved.
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Single microcontroller pin senses
ambient light, controls illumination

Loren Passmore, Berkeley, CA

As in a previous Design Idea

(Reference 1), this design uses
an LED as a transducer to measure the
ambient-light level and to provide illu-
mination. This Design Idea uses the
same principle as its predecessor but
consists of only one LED, two resistors,
one IC, and one 0.1-wF bypass capaci-
tor. This circuit for providing ambi-
ent-light feedback requires no addi-
tional components. Despite requiring
only a few components, the circuit in
Figure 1 offers considerable flexibility
because the microprocessor’s software
controls the LED’s brightness and its
relationship to ambient-light levels.
For night-light applications, one mode
turns on the LED when ambient light
decreases. Conversely, for power-sav-
ing regulation of a portable device’s
LCD backlight, a second mode turns
on the LED when the ambient-light
level increases.

You can download Listing 1, sample
code for this Design Idea, at www.edn.
com/061026di1. The code provides 64
levels of PWM (pulse-width-modu-
lated) intensity control over the LED’s
brightness in either mode. In opera-
tion, one of the microprocessor’s mul-
tifunction pins drives the LED with a

PWM waveform for several hundred
milliseconds. After the waveform’s
final cycle, the software switches the
microprocessor’s pin to input mode
and connects the LED to the micro-
processor’s internal 16-bit sigma-delta
ADC. Ambient light illuminates the
LED, producing voltage, which the
ADC measures, and the microproces-
sor computes the PWM waveform’s
parameters for the next series of illu-
mination cycles. The cycle rate’s high
repetition frequency eliminates any
discernible flickering of the LED.

In the listing, when the software and
ambient-light level specify that the
LED should turn off for an extended
interval, the CPU goes into a low-
power state for 250 msec. During its
sleep mode and for a few hundred
microseconds while performing ADC
conversions, the circuit draws only
about 20 wA and thus suits itself well
to battery-powered-system applica-
tions.

At start-up, the microprocessor
stores an initial voltage level, which
the LED produces, and uses this value
to scale the PWM levels. Shading
the LED or moving the circuit into a
darker area immediately increases the

LED’s brightness, which the listing’s
64 PWM levels control in small steps.
The MSP430F2013’s ADC presents
input impedance of approximately 200
kQ. When driving this impedance, an
LED occupying a small, 0805, sur-
face-mount footprint generates only
a few 10s of millivolts. However, the
MSP430F2013’s 16-bit ADC resolves
the LED’s voltage with sufficient reso-
lution to ensure good performance
under normal room-lighting levels.

In addition, the MSP430F2013
includes a four-level PGA (program-
mable-gain amplifier), offering gains
of one, four, eight, and 16 to further
amplify the LED’s minuscule output
voltage. The circuit also exploits the
microprocessor’s onboard low-fre-
quency clock oscillator, which allows
low-powered operation without an
external crystal. The resultant circuit
includes only six components, includ-
ing a battery. Note: The code can
execute on Texas Instruments’ (www.
ti.com) e¢Z430 demonstration board
without hardware modifications
because the board includes an LED
connected to port P1.0.EbN

REFERENCE
M Myers, Howard, “Stealth-mode
LED controls itself,’ EDN, May 25,

2006, pg 98, www.edn.com/article/
CAB6335303.
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Figure 1 An LED, a microprocessor, two resistors, and one capacitor constitute the entire circuit.
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3.5-/4.5-DIGIT LED PANEL-METER IC DRIVES
REMOTE DISPLAYS IN NOISY ENVIRONMENTS

Displays Local Measurements and Drives a Proportional 4mA to 20mA
Current Loop for Remote Displays, Data-Logging, or Process Gontrol

PANEL METER WITH REMOTE
MAX1365-MAX1368 PANEL METER
350m

1ogec | ™ 1109°C
4mA TO 20mA OUT
g5ps)  [mATOZMAOUT (¢ 95 PSI
4mA T0 20mA
INTERFACE
BOILER

4mATO 20mA OUTPUT
SELF-CONTANED ~'° kED et
PANEL METER
SELECTABLE
2V OR =200mV > | LED DRIVER | | REG |
RANGE
Taasss | Lo T (a0 zomi o
4mATO 20mA |
MAX 136568 E} Va o
SPIT™™ INTERFACE CONTROLS DIRECTLY ACCESS DAC OUTPUT AND
DAC, ADC, AND LED DRIVER V/I INPUT FOR CUSTOM TRANSFER FUNCTIONS

ADC + LED Driver for Local Displays 4mA to 20mA Output Drives Remote Displays
¢ +1999/+19999 (3.5-/4.5-Digit) Resolution

¢ 15-Bit Resolution DAC
¢ No Autozeroing or Integrating Capacitors

¢ 14-Bit Linear V/I Converter
¢ Common-Cathode LED Display Driver ¢ Unipolar or Bipolar Mode

. . Current Output Price’
Part Resolution Display Interface (mA) p Package )
MAX1365/MAX1367 3.5/4.5 digit LED Stand-alone 41020 or 48-TFP 9.18/6.96
MAX1366/MAX1368 3.5/4.5 digit SPI 0to 16 9.98/7.91
SPI is a trademark of Motorola, Inc.

‘+2.5k piece price provided is for design guidance and is 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.
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Hartley oscillator requires
no coupled inductors

Jim McLucas, Longmont, CO

Editor’s note: EDN originally

ran this Design Idea in its June
22,2006, issue. However, due to a num-
ber of schematic and textual errors, we
have decided to run a corrected, up-to-
date version here. We apologize for the
errors and hope this version clears up
any and all confusion.

Examine a traditional Hartley oscil-
lator circuit, and you'll note its trade-
mark: a tapped inductor that deter-
mines the frequency of oscillation and
provides oscillation-sustaining feed-
back. Although you can easily calcu-
late the total inductance required for a
given frequency, finding the coupling
coefficient, k, poses technical diffi-
culties and may require experimental
optimization, also referred to as the
“cut-and-try” method. This Design
Idea presents an alternative equivalent
circuit that allows you to model the
circuit before building the prototype.

Figure 1 shows the Hartley oscil-
lator’s equivalent tuned circuit
and component values for an 18-
MH:z oscillator. The mutual induct-
ance is L, =kn/L XL,. For the equiv-
alent circuit, the equations are:
L=-L,L=L—-L,=L+L ,andL =
L, —L,=L +L,,. The rest of the equa-
tions for the equivalent circuit are:

1
(2rfo)*L,
1

f -~
© Ly +Lo)C

Cp=

67pF T —0.250

L,=92.5 nH

(a) =

and

1
(O P —
A7 Qnfo) L, x L,

Unfortunately, a truly equivalent
circuit requires a negative inductance,
L,. However, for frequencies near the
resonant frequency f, you can replace
the negative inductor with a capacitor
as (Figure 1c), where C, replaces
L,. Note that the equivalent circuit’s
derivation neglects parasitic winding
resistances and capacitances.

Figure 2 illustrates an oscillator and
output buffer using the equivalent
circuit. When constructed, the circuit
generally performed as expected from
an initial Spice simulation. During
testing, several components’ values
required tweaking, and multiple
iterations of Spice analysis ultimately
yielded the final design.

The oscillator’s tank circuit consists of

L.,C, and C,, plus the capacitance
provided by the voltage divider C,, C,,
and C,—approximately 6 pF, including
Qs and Q,’s input capacitances and
some stray capacitance. The total tank
capacitance of 66 pF approximates the
calculated value of 67 pE Capacitors
that connect to the tuned circuit
feature ceramic-dielectric construction
with NPO temperature coefficients.

Inductors L and L, consist of air-
core coils mounted with their axes at
right angles to each other to minimize
stray coupling. However, vibration

67 pF |

(b) =

affects their inductances, and, in a
final design, both should consist of
windings on dielectric cores or on
toroidal cores, providing that the
toroids’ temperature coefficients of
inductance are acceptable for the
intended application.

The information in Reference
1 provided basic designs for both
inductors, and adjusting the spacing
of their turns tuned the oscillator to
exactly 18 MHz. For a more rigorous
design, you can measure the inductors
before installation, but parasitic effects
may require some adjustment of the
inductors.

The capacitive voltage divider, C,,
C,, and C,, applies the proper signal
levels to Q, and Q,. Because the
divider’s effective capacitance as “seen”
by the tank circuit amounts to only
6 pE, you can replace the remaining
60 pF consisting of C, and C, with a
variable capacitor if the design calls for
a tunable oscillator. In this example,
the output stage consisting of Q,
and its associated components would
require modification to provide more
bandwidth if the oscillator requires a
tuning range exceeding +2 MHz.

Capacitor C, bootstraps Q’s
Gate 2 to its source, which provides
additional gain and reduces Q,’s Gate
1 input capacitance below its already-
low value of approximately 2.1 pF
(Reference 2). An 8.3-uH inductor,
L,, of less than 2€) dc resistance
connects to Qs source and presents a
relatively high impedance at 18 MHz
and provides a dc path from Qs source
to ground through R,. At 18 MHz, L,
has an impedance that consists of an
inductive reactance of about 940}

907.5 nH
c _L
67 pF ] Cy
845 pF
c
260.5 nH

() =

Figure 1 A traditional Hartley oscillator's resonant circuit consists of a tapped inductor and resonating capacitor (a).
Allowing for mutual coupling between windings produces an equivalent circuit containing a negative inductance (b).
Replacing the negative inductance with a capacitor yields an easily modeled equivalent circuit (c).
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LOW-COST, 3mm x 3mm, STANDARD-
DEFINITION VIDEO FILTERS
FOR SET-TOP BOXES

MAX9508/MAX9512 Reduce Cost and Save Space Through High Integration

+ Triple SDTV Video Filters with maxim
+1dB, 6.75MHz Passhand
(11MHz, -3dB Bandwidth) Lo o\ WA

¢ AC-/DC-Coupled Qutputs Drive | one o\ e ANA—C
Up to Two Video Loads ~

¢ SmartSleep Technology [0 < e
Reduces Power Consumption | o e\ ns
by Shutting Down Inactive VAV o
Channels

¢ Loopthrough Capability on
Bidirectional CVBS (MAX9508) Y

¢ Integrated Y/C Mixer MAX9508
(MAX9512)

4 3mm x 3mm Package Is More
than 2x Smaller than Nearest

. 2x SMALLER
Competitor THAN THE COMPETITION!
et e ——
part | No.of | No.of ‘f“l't’p"’ Filter Passband | ¢ o Additional Pasc."age Price’
a Inputs | Outputs o(va)ge (MHz at +1dB) martsleep Features (mm Ixz‘:nm) ($)
MAX9508 | 3 4 | 33 675 Yes | Bidiectional CVBS | 3x3 059
MAXGT2 | 2 17 | 33 675 Yes Y/C mixer 3%3 059

+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 pack-
ages are offered in 1k increments, and some may require minimum order quantities.
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www.maxim-ic.com

FREE Video Design Guide—Sent Within 24 Hours!

CALL TOLL FREE 1-800-998-8800 (7:00 a.m.—5:00 p.m. PT)
For a Design Guide or Free Sample
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NOTES:
L,, L,: SIXTURNS AWG #22 WIRE ON A FAIR-RITE 2643002402 CORE.

Ly FIVE TURNS AWG #26 WIRE ON A CWS BYTEMARK FT-23-61 CORE.

Lg: 11 TURNS AWG #22 WIRE AIR CORE, 0.450-IN. AVERAGE DIAMETER, LENGTH=0.450 IN.

Lc: SEVEN TURNS AWG #22 WIRE AIR CORE, 0.300-IN. AVERAGE DIAMETER, LENGTH=0.275 IN.
AVERAGE DIAMETER IS THE DIAMETER OF THE CORE PLUS ONE WIRE DIAMETER.
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Figure 2 This buffered-output, 18-MHz oscillator features a resonant circuit that doesn’t rely on mutual coupling for

operation.

in parallel with a resistance of about
3.5 k), which results in a very-low-Q
choke. Provided that its inductance
and reactance approximate L,’s original
values, you can substitute a physically
smaller inductor for L,. Inductor L s
properties are less critical, but it should
present a low Q of 4 to 6 and a dc
resistance of approximately 5() or less.
You can use a standard-value choke for
L, if it meets these requirements.

Source follower Q, drives the output
stage, which uses a pi-matching
network to transform the 500} output
load to 2854} at the collector of Q..
Bootstrapping Q,’s Gate 2 by one-
half of the stage’s output voltage
increases the source follower’s gain and
dynamic range and reduces its input
capacitance.

You can use potentiometer R ; to
adjust the circuit’s output level from
about 0.9V p-p to approximately 1.5V
p-p across a 500} load. At a constant
room temperature of about 23°C, the
frequency remains stable, and the
circuitry that controls output level
remains stable even with no load on
the output. For a fixed-frequency

| OCTOBER 26, 2006

application, the output circuit’s loaded
Q of 4 provides adequate bandwidth to
eliminate retuning of the output circuit
for small changes in frequency.

To set the output level to a safe
maximum, connect a 50€) load to the
output, and then adjust the output to
1.5V p-p. The drain-to-source voltage
applied to Q, will remain at a safe
level for all loads from 508 to no
load, even though the output-voltage
level increases as the load resistance
increases. To avoid exceeding Qs
specified maximum 12V drain-to-
source-voltage rating, do not exceed
an output-voltage setting of 1.5V into
a 50€) load. Note that zener diode D,
reduces Q’s drain voltage to provide
an additional safety margin.

In a previous Design Idea, an
operational amplifier and a diode-
rectifier circuit set the oscillator’s gain
through a control voltage applied
to Qs Gate 2 (Reference 3). In
this design, a simple passive circuit
serves the same purpose. A portion
of the signal at Q.’s collector drives
a voltage doubler consisting of D,
D,, C,, and C,,. Part of the negative

voltage developed by the voltage
doubler drives the junction of R ¢ and
C,,, the control-voltage node, which
also receives a positive voltage from
variable resistor R, through R, and
the resultant voltage sets the output
signal level. At start-up, only a positive
voltage is present at Q,’s Gate 2, and
Q,’s maximum gain easily starts the
oscillator. When the output reaches
a steady state, the control voltage
reduces and maintains oscillation at
the signal level determined by the
output level control.Epn

REFERENCES

M Reed, Dana G, Editor, “Calculating
Practical Inductors,” ARRL Handbook
for Radio Communications, 82nd Edi-
tion, American Radio Relay League,
2005, pg 4.32.

A “Practical FET Cascode Circuits,
Designing with Field-Effect Transis-
tors,” Siliconix Inc, 1981, pg 79.

® McLucas, Jim, “Stable, 18-MHz
oscillator features automatic level
control, clean-sine-wave output,” EDN,
June 23, 2005, pg 82, www.edn.com/
article/CA608156.
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The Inside Edge that shapes the Future

Samsung Electro-Mechanics
(Samsung) has started up produc-
tion of LEDs for lighting as well as
mobile phones, car navigators,
PMPs and Note PCs.
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JS Han (han.jungsuk@samsung.com, 201-229-6096)
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Low-voltage LED assembly

suits emergency applications

Targeting the emergency and security industry, this environmentally sealed

LED-lamp assembly meets the color and brightness levels for safety kiosks on
college campuses and hospital parking lots. The device comprises LED arrays and
potted mounting lenses, making it resistant to moisture and dirt. Operating at 12 to
26V ac and 12 to 16V dc, the assembly features a set of transistors that allows the
arrays to operate at any voltage in the desired range. Options include the vendor’s
standard 5-mm, high-intensity, 20°, indium-gallium-nitride, white LED. The LED

assembly costs $34.46 (1000).
DDP, www.datadisplay.com

Surface-mount LEDs
range the visible

spectrum
This surface-mount-LED family of

illumination devices creates colors
along the entire visible spectrum. These
discrete  RGB
LEDs come in
a variety of sizes
and viewing an-
gles and feature
modules  with
flat and domed

lenses.  Avail-

116 EDN | OCTOBER 26, 2006

able in a 3.5X3X1.4-mm package with a
110° viewing angle, the LED family costs
95 cents (10,000).

Optek Technology, www.optekinc.com

Boost converter drives
as many as 10 LEDs

Driving as many as 10 LEDs, the
high-voltage CAT4238 boost con-
verter uses a low-noise, high-frequency
switching scheme. Integrated features
eliminate the need for external com-

ponents for soft-start and overvoltage
protection, reducing noise and board-
space requirements in midsized to large
LCD-panel-backlighting applications.
The driver operates at a fixed 1-MHz
frequency. Available in an ROHS (re-
duction-of-hazardous-substances)-com-
pliant SOT23 package, the CAT4238
costs 78 cents (10,000).

Catalyst Semiconductor, www.
catsemi.com

LED-tube lights
save energy

The milky-frosted lens of the TBL-

3xxF series of sealed-tube LED
light strips provides a diffused illumina-
tion. The tubes use less energy and low-
er voltages than neon lights. They come
in 6000K pure-
white and 3000K
warm-white col-
ors and operate

at 12V. Available
in 6-, 12-, 24-,

N

and 48-in. lengths, the TBL3xxF series
devices have prices ranging from $26.95
to $108.35, depending on length.
LEDtronics, www.ledtronics.com

LED drivers come
in small packages

Driving high-brightness LEDs in

backlighting applications for cel-
lular phones, digital cameras, and MP3
players, these white-LED drivers claim
90% efficiency. Powering two to five
white LEDs for LCD backlighting, the
NCP5010 provides a 22V power supply,
84% efficiency, a 1-wA shutdown cur-
rent, and the ability to operate on a 2.7
to 5.5V input voltage. Features include
true cutoff, short-circuit, and over-
voltage protection and undervoltage
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Power Supply Sequencing Made Simple — Design Note 401

Bob Jurgilewicz

Introduction

System designers face a number of problems when it
comes to controlling multiple power supplies. Turn-on
and turn-off characteristics, supply monitoring, fault
management and reset generation are a few issues that
affect both the short term system performance and
long-term reliability. Design is further complicated by
a process that often puts final decisions about supply
requirements at the end of the design phase. So, a good
supervisor/control solution allows for easy design and
adjustment anywhere in the design process.

Firmware solutions place a daunting hurdle directly in
the critical path of the design. Every change involves
software engineers, a load of testing and worst of all,
waiting. Loading code during production is time consum-
ing and costly.

A better solution uses hardware, but easy-to-change,
relatively inexpensive hardware. How about generic re-
usable circuit blocks that are added early in the system
designwith little regard tothe final specific power require-
ments? The existing blocks are left unfinished, simply
waiting for passive component values to be determined.
When final decisions about the power supplies’ operating
specifications are determined, calculate the values for a
few passive components and populate the empty spaces
in the circuit. Fortunately, such a solution exists.

T T T T
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<—> SEQUENCE-UP PHASE
<= - —> SUPPLY MONITOR PHASE
~-------> SEQUENCE-DOWN PHASE

Figure 1. Sequencing Application Waveforms

The LTC2928 is a 4-channel cascadable power sup-
ply sequencer and high accuracy supervisor. Multiple
LTC2928s can be easily connected to sequence an
unlimited number of power supplies. Cascade action is
via a single pin connection and is functional during se-
quence-up and sequence-down operations. Sequencing
thresholds, order and timing are configured with just a
few external components, eliminating the need for PC
board layout or software changes during system devel-
opment. Sequence outputs control supply enable pins
or N-channel pass gates. Precision input comparators
with individual outputs monitor power supply voltages
to 1.5% accuracy. Supervisory functions include under
and overvoltage monitoring and reporting as well as
reset generation. The reset output may be forced high
to complement margin testing.

Application faults, whether generated by the LTC2928 or
communicated by a host, can shut down all controlled
supplies. The type and source of faults are reported for
diagnosis. Individual channel controls are available to
independently exercise enable outputs and supervisory
functions. A high voltage input allows the LTC2928 to be
powered fromvoltages as highas 16.5V. A buffered refer-
ence output permits negative power supply sequencing
and monitoring operations.

Three Phases of the Power Management Cycle

Acomplete power managementcycleis divided into three
phases as shown in Figure 1. The sequence-up phase
initiates by transitioning the ON pin above threshold with
a logic signal or power supply. The controlled supplies
sequence-up with user configured order and timing.
All supplies must exceed a user defined sequence-up
threshold within the configured “power-good” time. If
any supply fails to turn on properly, a sequence fault
occurs and all controlled supplies are shut down. Once
all supplies reach their sequence-up threshold, the supply
monitor phase begins.

AT, LTC, LT and LTM are registered trademarks of Linear Technology Corporation.
All other trademarks are the property of their respective owners.
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Figure 2. LTC2928 Application Schematic (component values calculated with the LTC2928 Configurator Tool)

During the supply monitor phase, the input signals are con-
tinuously compared against user configured undervoltage
and overvoltage thresholds. The comparators filter out
minor glitches coupled to their inputs. If any supply is
out of compliance with sufficient magnitude and dura-
tion, the reset output (RST) and/or overvoltage output
(0V) pulls low. Once all inputs are within compliance,
the respective monitor output pulls high after the user
defined reset delay. Users may select whether or not a
fault is generated on the basis of under or overvoltage
events. A generated fault shuts down all controlled sup-
plies. Shutting down upon an undervoltage fault is often
a critical operation. For example, consider a temporary
short on one supply due to a probe slip. Once the short
is removed, the supply may recover, but it might do so
out of sequence if the other supplies are unaffected. A
reset fault shuts off all the supplies, allowing for a new
in-sequence start-up procedure.

The sequence-down phase initiates by transitioning the
ON pin below threshold with a logic signal or power
supply. The controlled supplies sequence-down with

Data Sheet Download

www.linear.com

user configured order and timing. All supplies must fall
below the user defined sequence-down threshold within
the configured “power-good” time. If any supply fails to
turn off properly, asequence fault occurs andall controlled
supplies are shut down.

LTC2928 Configuration Software Designs It for You

To make life truly simple, Linear Technology offers free
configuration software that calculates all resistor values,
capacitor values and required logic connections. The
tool also generates schematics and a passive element
bill-of-materials. All you need to know are your supply
parameters and sequence order. Contact Linear Technol-
ogy for details.

Conclusion

The LTC2928 greatly reduces the time and cost of power
management design by eliminating the need to develop,
verify and load firmware at back end test. System control
issues such as sequence order, timing, reset generation,
supply monitoring and fault management are all handled
with the LTC2928.

For applications help,
call (408) 432-1900, Ext. 2452

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

dn401f LT 1006 409K e PRINTED IN THE USA

LY LR

© LINEAR TECHNOLOGY CORPORATION 2006



productroundup

OPTOELECTRONICS/DISPLAYS

EMBEDDED SYSTEMS

Isolated-driver card
has overload protection
Targeting the PC/104 bus, the 24-

output 4137 isolated driver can
drive solenoids, lamps, and large relays
with  28V-dc power-supply voltages.
Each output driver features overload pro-
tection, clamp diodes, and the ability to
sink 1A of current. Organized as two 12-
bit ports for faster updating, the outputs
provide a 2-psec switching time. A gal-
vanic isolation between logic and power
circuitry prevents the return current
from interfering with CPU logic and also
allows the use of loads with a common
positive ground. The 24 bits can be read
back, allowing you to use unused outputs
as inputs and to verify output switching.
The 4137 costs $112 (100).

Mesa Electronics, www.mesanet.com

LCD-panel computer
features a four-wire
resistive touchscreen

With an 8.4-in. LCD and a 3.5-in.

embedded board, the LCD-panel
computer incorporates a VIA Eden 667-
MHz processor, three RS-232 ports, and
a four-wire resistive touchscreen. Featur-
ing a built-in VGA controller with as
much as 32 Mbytes of shared memory
for display, the device has a 144-pin
SO-DIMM socket with as much as 512
Mbytes of memory capacity. The device
has an onboard CompactFlash Type-1
socket and a 16-bit PC/104 extension

connector, with an optional 2.5-in.
hard-disk drive and PCMCIA for wire-
less applications. The LAN uses a Re-
altek 8139 C PCI plug-and-play BaseT
Ethernet controller. The ARP-2608AP
LCD-panel computer costs $1000.
Arista Corp, www.aristaipc.com

Two wireless modules are
FCC- and ETSI-certified

Adding to the vendor’s wireless-

product family, the 1-mW LPR-
2400 and 65-mW LPR2400ER RF ad-
apters operate at 2.4 GHz. These devic-
es comply with the IEEE 802.15.4 stan-
dard and have FCC (Federal Commu-
nications Commission) and ETSI (Eu-
ropean Telecommunications Standards
Institute) certification, making them
suitable for industrial and factory appli-
cations. The LPR2400 and LPR2400ER
measure 0.8X1.2 in. and 0.8X1.2 in.
and cost $22 and $36, respectively. De-
veloper’s kits are available for $199.
Cirronet, www.cirronet.com

DAP board has
simultaneous sampling
on many channels

Powered by an Intel Pentium

233-MHz processor, the mid-
range DAP (data-acquisition-proces-
sor) 5380a/526 board features 16 analog
inputs and acquires 14-bit data at 800k

lockout. The NCP5604A and NCP5604B drive three and four LEDs, respectively, at 25 mA of current
per LED. A 0.5% current-matching tolerance allows a uniform LED brightness. Peripherals feature a 90%
efficiency with a 1-wA quiescent current. Available in an eight-pin, 1.7X1.7X0.6-mm flip-chip package,
the NCP5010 costs 67 cents (3000). Available in a WQFN-16 package, the NCP5604A and NCP5604B
cost 69 cents and 66 cents (3000), respectively.
On Semiconductor, www.onsemi.com

samples/sec/channel. The device simul-
taneously samples eight channels at
625k samples/sec on each channel, pro-
viding a 5 million-sample/sec through-
put. The DAPstudio Windows applica-
tion can control and configure any DAP
from a PC. The DAP 5380a/526 board
costs $3995; DAPstudio costs $199.
Microstar Laboratories, www.
mstarlabs.com

Universal serial 1/0
features four
independent ports

) The DNA-SL-501, serial-I/O-layer

board features four independent,
isolated, RS-232, -422, or -485 ports
with 1-Mbps maximum data-transfer
rates in RS-485 mode. Designers con-
figure the ports using software, allowing
each port to have a different configura-
tion. The DNA-SL-501 costs $650.
United Electronic Industries, www.
ueidag.com

Single-board computers
use two Dual Core
processors

These single-board computers in-
corporate two ultralow-voltage
Dual Core Intel Xeon processors on a
6U, single-slot module. These devices
provide four times more processing den-
sity per module than single-core Xeon-
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processor-based boards. The Momentum
Series CX6-200 6U CompactPCl-based
single-board computer features symmet-
ric multiprocessing. The Momentum
Series CX6-200 costs $6295.

Mercury Computer Systems, www.
mc.com

Video-acquisition tool
captures 30 frames/sec

Able to capture full-frame, 720X

480 video at 30 frames/sec, this
frame grabber performs motion detec-
tion in three programmable regions with
bit rates ranging from 800 kbytes/sec to
10 Mbytes/sec. The device features two
synchronized-audio-input channels and
an OSD (on-screen display). Linux,
QNX, and Windows drivers come
with an available Fast Windows stream
player. Uncompressed video is available
through the PC/104+ bus for preview-
ing. The Sensoray Model 314 MPEG-
1/2/4 and the MJPEG frame grabber
cost $328.
Sensoray, www.sensoray.com

Four-slot chassis features
bottom-to-top cooling

Available in a 19-in. rack-mount

or desktop style with horizontally
mounted cards, the 4U-tall chassis fea-
tures a four-slot 3U backplane, 3X75
cfm bottom-to-top cooling, and ad-
vanced EMC shielding. It meets NEBS
as well as CE and FCC standards. The
device features 90 to 264V ac or 48V dc
PSU inputs and fixed-mount, plug-in,
or N+1 options. A shelf-management

option is available with an IPMI (Intel-
ligent Platform Management Interface)-
based bus that is compliant to PICMG
2.9. The CompactPCI Express chassis
costs less than $1000, depending on vol-
ume and configuration requirements.

Elma Electronic Inc, www.elma.com

ROHS-compliant module
features eight channels

With a full industrial-tempera-

ture range from —40 to +85°C,
the ROHS (reduction-of-hazardous-
substances)-compliant PCM-COMS8-G
PC/104 asynchronous communications
module features eight channels. Each
channel can support RS-232, RS-485,
and RS-422 electrical levels. The PCM-
COMS-G costs $249.
WinSystems Inc, www.winsystems.
com

Processor operates
as system controller

Using the 1-GHz MPC7447A or

1.4-GHz MPC7448 Freescale pro-
cessor, the 6U CompactPCI C2K single-
board computer has a PLX PCI 6254
CompactPCl-backplane bridge, allowing
it to operate as a system controller or as
a peripheral processor card. The device
features three Gigabit Ethernet ports,
four RS-232/RS-422 ports, four RS-422/
RS-485 ports, two 1.5-Gbps SATA ports,
and three high-speed USB 2.0 ports. The
C2K board computer costs $2790.
GE Fanuc Embedded Systems, www.
sbs.com

TEST AND MEASUREMENT

Upgrade for multimeter features function generator

With a function generator that can source pulses and sine waves at 20V

p-p, the SMX2064 DMM (digital multimeter)/LCR (inductance/capaci-
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tance/resistance) meter generates pulses in a burst of as many
as 60,000 pulses or a continuous signal with 1-psec resolu-
tion. The device also generates 1-Hz to 200-kHz sine waves
with 2-MHz resolution. In addition to the function genera-
tor, the SMX2064 features a dc- and ac-voltage generator, a
current generator, and a frequency counter. The SMX2064
DMM/LCR meter costs $2195.

Signametrics Corp, www.signametrics.com

Extractor software supports
all bus transactions

Data Extractor software can pull out transaction

data on the fly; run indefinitely; capture entire test
sequences; monitor embedded-system data flows during nor-
mal operation; and process or store megabytes, gigabytes, or
terabytes of information. The software can collect raw data
from parallel, serial, SPI, I)C, I*S, high-speed-asynchronous,
full- and low-speed-USB, SMBus, one-wire, and CAN (con-
troller-area-networks) buses. Each Data Extractor costs $495,
and the Data Extractor bundle, which combines all 10 Data
Extractors, costs $1995.
CWAYV, www.usbee.com

Controller features bar-code/
OCR-reader technology

The multichannel, microprocessing Synergy Controller

features a bar-code/OCR (optical-character-recogni-
tion)-reading feature. The environmental-chamber control-
ler’s new macro capability receives the digital data from a
part’s bar-code/OCR label, then selects and implements the
appropriate test profiles without further operator interven-
tion. The Synergy Controller costs $2750.
Tidal Engineering Corp, www.tidaleng.com

Digitizer cards offer single-ended
and differential-input termination

N With available sampling rates from 200k samples/sec

to 3M samples/sec and two-, four-, or eight-channel
configurations, the 12 digitizer cards in the UF2-4600 series
use multiple 16-bit ADCs for true simultaneous sampling.
The cards support single-ended and reduced-noise differ-
ential-input termination without reducing channel count.
Each channel consists of an independent amplifier, which

the user can program with the best voltage range to match
each sensor. The ranges available are from =10V to *50
mV. A self-calibration feature ensures the removal of any
voltage offsets before recording. The Ultrafast UF2-4600
card’s prices range from $3190 for the two-channel, 200k-
sample/sec UF2-4620 card to $11,990 for the eight-channel,
2M-sample/sec version.

Strategic Test Corp, www.strategic-test.com

Debugging interface supports
new microprocessor families

The usb2Sprite debugging interface targets Freescale
Semiconductor’s ColdFire and DSP 56300 micropro-
cessor families. The device provides an embedded-system
designer with a USB 2.0 interface to the on-chip-debugging
features, including the vendor’s GNU tools. The usb2Sprite
embedded-system-debugging interface costs $225.
Macraigor Systems, www.macraigor.com

It+’s no trick...

it’s a vision system

Freely programmable Smart Cameras
Machine Vision in a compact form and without a PC!
Intelligent VC-Cameras make it possible!

All Vision Components Cameras are built for industrial applications.
They are insensitive to shock and vibration.

Single Board
Smart Cameras

*small and light, ideal for OEMs
*high performance at low price
*B&W and color cameras
*RS232 and Ethernet Interface

*models with flexible camera head

Also available:

* High Performance Smart Cameras * Sensor Smart Cameras

Wide-Ranging Spectrum: Automated production ©
Quality assurance * Measuring * 1D and 2D code identification *
Optical character recognition ¢ Security and more

%’g' Vision Components

The Smart Camera People

Vision Components, US office

Phone +1(603)598 2588
Fax  +1(603)598 8958

etoth@vision-comp.com

www.vision-components.com
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[mage Sensor
Sockets

Protect delicate image
sensor devices from
damage during
board processing
' or plan for future
device upgrades.

Download a data sheet at
www.advanced.com

ADVANCED
NTERCONNECTIONS .
West Warwick, Rhode Island USA
Tel: (800) 424-9850 ® info@advanced.com

€3 Bluetooth

® 2 4GHz embedded data radio/modems
@ Bluetooth, FCC & RoHS cert. modules
® +100 meter (330 feet) distance

® Speeds: up to 921.6Kbps

® Integrated RF chip antenna
® Voice and data channels

® Low power consumption ImA

® Small form factor: 20mm x 10mm x 2mm

® Includes integrated software stack

® Secure and robust communication link
v'Frequency Hopping Spread Spectrum
v'Guaranteed Packet Delivery
v'Encryption and Authentication

Email: sales@BlueRadios.com
Phone: (303) 957-1003

www.BlueRadios.com
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Providing Connector Solutions Worldwide Since 1966

D-SUBMINIATURE

* Wide variety of sizes, styles, termination
types and accessories

* User friendly and informative web resources

* One on one

'd customer
service
* High
reliability

CIRCULAR RECTANGULAR

Posiironic Indusiries

Springfield, Missouri USA + 800.641.4054 + info@connect

www.connectpositronic.com

1966 - 40th Anniversary - 2006

e

CA1640-20
20MHz Sweeping
Function Generator
$260

QK857D Hot Air Rework Station

Soft and rotating hot air
Suitable for high density circuit
hoards

Automatic On/Off switch $185

Hot air gun, soldering iron
and desoldering gun, a

T NA G N ] www.madelltech.com
@L/L\T}I&:QNOL@Y Phone: (877) 670-9023

(402) 319-4101
E-mail: info@madelltech.com
AS-5001 Mini Automatic
Reflow Oven
Light weight, working area
7"x4.5", temperature to 250°C,
reflow or preheat modes $798

BGA Repair Systems

Advanced BGA repair
systems with split vision
assisted alignment and
precision placement.

Tabletop Automatic Pick
& Place Machine

Least expensive automatic

"Eime-to—mark’et,
roduct quality.
T

complete work system. pick and place machine on the
$449 | market. Just dropped price.

Free tools with purchases

Test and measurement, SMT Equipment, Rework Stations, Lab Equipment,
Bio-laboratory, Optics and more

m Technology

licom 408-383-9006 x112




USB CANbus 12C RS232/485 GPS

USB to 12C
for PC’s

NEW! UCA93LV - bus-powered
USB I2C interface - great for laptops!
400kHz bus monitoring / addr. filtering!
Also: PCI93LYV - PClbus version 12C
master/slave/bus-monitor. $499.00

All in one!

1""‘"&.5 Best adapter around!
—— CleverScope - 100 MHz
Scope, Spectr.Anal, LogicAnal, & SigGen.
for PCs. 4 Msamples storage! Easy A-B,
math! 2 x 10 bit ch, 8 dig. I/P. Opt. 0-10

MHz SigGen.+ math + filters.
only $999!

ph: 1-888-7-SAELIG
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Complete Ultrasonic
Ranging Sensor -

* Same Sensor lnvented“PoIaroid to Focus Cameras!

« Electrostatic Transducer and Drive Module in One
Complete Package!

* Non-Contact Ranging and Measurement from 6" to over 40'!

* Perfect Sensor for Non-Contact Measurements, Liquid or
Bulk Level Sensing, Proximity Sensing, Robot Guidance
» We Sell Complete Ranging Kits and Components

Phone 734-953-4783
Fax 734-053-4518
www.senscomp.com

1 586-based Industrial Controller

High-performance Ethernet/TCP, 24-hit
ADC, DAC, HV 1/0, and CF Interface. ‘

© 151x82 mm. DIN rail mounting 0EM$199
® AMD SC520, program in C/C++
© 4 RS232/485, ADC, DAC, Solenoid Drivers, OPTO

® CompactFlash and FAT16 file system support
® Hardware TCP/IP stack for 100M Base-T Ethernet

50+ Low Cost Controllers with ADC, DAC, solenoid drivers,
relays, PC-104,CF, LCD, DSP motion control, 10 UARTS,
300 I/0s. Custom board design. Save time and money.

1724 Picasso Ave., Suite A

Davis, CA 95618 USA
WWW.Tern.com e
INC. sules@tern.com = e %

Tel: 530-758-0180 © Fax: 530-758-0181
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T: 408-345-4450

E-mail: aarobinson@reedbusiness.com
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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...

Pal‘ ts _ Parts List Manager
vendnrs 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

Pentium® M Single Board Computer
Order now and receive a

Software Development Kit for
Windows XP Embedded or

Linux, and a FREE Pretec™
CompactFlash.

Special offer, while supplies last. Details at
www.VersalLogic.com/Cobra

VERsALoOGIC

CORPORATION

(800) 824-3163 ¢ info@VersaLogic.com

To advertise in Product Mart, call Alan Robinson at 408-345-4450
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To the world’s great
electronics show

That show would be Electronica, in Munich,
Germany, November 14 to 17. The sheer
size and audacity of the show set it apart
from any other: 3000 exhibitors in a com-
plex of halls the size of a modest town.
Given its enormous scale, Electronica is
not necessarily a great place to look for
specifics—you might never find even the
correct exhibit hall. But to understand the
pervasiveness of electronics in modern life,
the range of technologies involved, and
the vast complexity of the supply chains
that keep the industry moving, nothing can
match this event.

50 YEARS AGO IN EDN
Early digital logic
Timing switches control the latest automatic elevators
at the new Socony Mobil Building. Thirty-two eleva-
tors in the building operate completely automatically,
without operators. Each of the six banks of cars,
including four service elevators, has its own master
control room. Even though not signaled, the proper
number of cars to handle the traffic demands of the
moment are in motion at any given time during the
day to cut waiting time to a minimum. The automatic
control prevents cars from bunching unnecessarily at
the lobby or upper floors.
Produced by Tork Clock Company, the timing
switches are installed in elevator systems from the
Otis Elevator Co. An important
AROUND factor in the smooth-running
operation of the elevators
is the fact that the cars are
placed “on duty” automatically
during peak traffic periods, and
then taken out of operation
when they are not needed.
—EDN, October 1956

With a little concern

This month, analysts continued to ease back on their forecasts for
semiconductors, end products, and capital equipment for 2006.
Unofficially, some sources are saying that the inventory build-up
in semiconductors, which analysts are already watching nervously,
is much worse in Asia than the numbers suggest. Add to that
scenario another slip-up with the PlayStation 3 and the failure of
any promising next-big-thing candidate—whether it's wireless
USB, digital-video broadcast, or whatever—to catch consum-
ers’ imaginations the way the original iPod did, and things
could get grim. The only obvious reason for optimism is the
chance—which is far from certain—that if Windows Vista
actually ships to businesses in November and to consum-
ers in January, it will trigger another wave of replacement
buying in the PC arena. The new OS reportedly has the
CPU, graphics hardware, and memory appetite to do just
that. But will consumers adopt it quickly enough?
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Cadence PSp/ige,— turning ideas into reality

- ~

Constrained by increased design complexity and shorter design
cycles, PCB engineers must rely on accurate simulation results
before committing designs to hardware. Cadence® PSpice® A/D

is a proven, advanced mixed-signal simulator with an interactive,
easy-to-use graphical user interface that provides total control
over the design. Availability of resources such as device models
from many vendors, built-in mathematical functions, system-level
simulation capability, and behavioral modeling techniques ensure
an efficient design process.

.

PSpice supports capabilities such as temperature and stress
analysis, worst-case analysis, electro-mechanical simulation, Monte
Carlo, and automatic optimization algorithms to improve the quality
of designs.

You can also design and generate simulation models for transformers
and DC inductors and perform system-level simulations in
conjunction with The MathWorks MATLAB® Simulink®-PSpice
(SLPS) integration.

Visit EMA, a Cadence Channel Partner, at www.ema-eda.com/PSpice
to sign up for an upcoming webinar or call us at 800.813.7288.

CHANNEL PARTNER

E MA Rﬁﬂ)gnl: ation”

gma-eda.com




No code? No way.

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

TRY IT OUT NOW.

Whether you have a minute or an hour to invest, we

Without writing a single line of assembly or “C” code, generate
a complete custom design with PSoC Express. Here's what you

get with Version 2.1 of our visual embedded software:

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

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

flash memory
®  Request a FREE PSoC Express evaluation kit:

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

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

= Builtin support for interdevice communication; seamlessly www.cypress.com/expresstour
divide design problems into smaller pieces using multiple

PSoC devices = Download FREE PSoC Express software:

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

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

www.cypress.com/getexpress
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